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ABSTRACT
PESTICIDES AND POLICY:

RISK BENEFIT ANALYSIS AT THE
ENVIRONMENTAL PROTECTION AGENCY

By

Patty Teresa Skelding

There has been much criticism of the U.S. Environmental
Protection Agency's regulation of pesticides, but very
little empirical work to describe that process. In this
research, the quality of EPA's information on risks and
benefits of pesticide use is quantified for eight case-study
pesticides, using EPA documents. Goodman and Kruskal's
coefficient of ordinal association measures correlations
between those data and five explanatory variables depicting
interest group incentives to influence the regulatory pro-
cess. The five explanatory variables are: value of pesti-
cide use to manufacturers, percent of crop treated, per acre
user losses, total user losses, aQE;EiEFWSEMEBEMEZEEigzag)

These variables are also quantified from EPA documents. f;\

general, risk information was poorer than benefits informa-
tion, interest groups do not influence risk information,
manufacturers and users influence benefits information, the
pesticide's relative risk does not influence benefit infor-
mation, and pesticide manufacturers and users impact EPA

decisions. v
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CHAPTER 1
INTRODUCTION
OVERVIEW

A variety of chemicals are used in the U.S. food systeﬁ
to obtain a variety of economic benefits. Pesticides are
used to improve crop gquality and yields. Pharmaceuticals
are used to improve the health of livestock. Preservatives
are used to reduce food spoilage and food poisoning risks.

While chemical technologies provide benefits, they also
pose risks to human health and the environment. Governments
have responded to this situation by enacting regulatory
statutes which set general policy on the use of these tech-
nologies. The responsibility for carrying out these laws
has been assigned to regulatory agencies. The manner in
which the laws have been carried out by the agencies has
created a great deal of controversy.

One of the major points of criticism has focused on the
way information about the benefits and risks of chemicals
has been collected, analyzed, and used for choice-making
within regulatory agencies. Agencies have been accused of
being less than thorough in collecting data, arbitrary in
their analysis of data, and vague about how they use infor-
mation to weigh benefits and risks. A variety of reforms,

such as cost-benefit analysis, have been proposed as
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potential remedies for the perceived problems. And the
proposed reforms have themselves become the targets of
criticism. For the most part, however, criticisms and
proposed reforms have not been based on systematic,
empirical information about regulatory decision processes.

The objective of this research is to provide systematic,
empirical information about the regulatory process of col-
lecting and analyzing data on the consequences of chemical
technologies. Theories of regulatory decision-making are
used to explain the types and quality of information ob-

served in case studies of actual regulatory decisions. The

research focuses on pesticide regulation. Concentration on

one regulatory area rather than on several allows us to
study the use of risk-benefit analysis between cases within
a regulatory program without having to study decision making
under two or more different legislative mandates and/or
within two or more different agencies. Therefore, the
complexities of inter-agency and inter-program behavior are
avoided.

The remainder of this chapter is organized under three
subheadings. Under the first, the broad topic of pesticide
regulation is narrowed down into a statement of the research
problem and several research questions, thus answering the
question of what it is about pesticide regulation that is to
be investigated. The second section of this chapter de-

scribes the research setting by providing an overview of the
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Environmental Protection Agency's (EPA) regulation of pesti-
cides that are suspected of posing a risk to humans or other
organisms in the ecosystem. The final section is a brief

description of the organization of the body of the thesis.

THE RESEARCH PROBLEM

Research on regulation by economists tends to take one
of two directions: analysis of the impacts of regulation on
different groups in the economic system and analysis of the
process of regulatory decision making. Although the vast
majority of work by economists is of the former variety,
this research is concerned with the process of regulatory
decision making on pesticides. This process is essentially
one of conflict-resolution.

Why be concerned with such a complex process? Many
people see no point in examining the process if the outcome
of the process is known. However, there are at least six
compelling reasons for having a knowledge of the process.
First, in order to justify the resources devoted to public
policy analysis, it is necessary to understand the utility
of such analysis in the conflict-resolution process. Sec-
ond, knowledge of the process highlights points of uncer-
tainty in the regulatory problem, which may help to focus on
relevant issues and prioritize the use of limited policy

analysis resources.l Third, desired changes in regulatory

lSteven Maynard-Moody and Charles C. McClintock, "Square
Pegs in Round Holes: Program Evaluation and Organizational
Uncertainty." Policy Studies Journal 9, no. 5 (Spring 1981):
644-666. '




.l

v

ry

2.

.

g
.

— ] X



4
performance can be identified (assumedly through the polit-
ical process), but these changes cannot be implemented
unless the variables affecting the agency decision-making
process are known. As George Stigler puts it, "Until the
basic logic of political life is developed, reformers will
be ill-equipped to use the state for their reforms
...'2 Fourth, a great deal of the controversy over regula-

tion focuses on the process rather than the outcome per se.

For example, regarding risk-related regulation such as pes-

ticide regulation, there is much disagreement in the scien-

tific community over how to determine risk, how to extrapo-

late risk findings in other organisms to humans, how to

translate risk into numbers of deaths or injuries, how to

weigh risk factors in decision making, and other questions
of process. For all types of regulation, one often hears
the argument that bureaucratic processes are inherently
inefficient and counterproductive. 1In order to answer these
charges, policy analysts need to know how decisions are
being made in the face of uncertainty and limited resources.
A fifth reason for investigating the process of pesticide
regulation is that knowledge of the regulatory process al-
lows us to predict, as well as explain, agency decisions.

Predicting decisions allows more accurate analysis of

2George Stigler, "The Theory of Economic Regulation.”

Bell Journal of Economics and Management Science 2, no. 1
(Spring 1971): 18.
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program impacts, leading to more precise policy design.
Finally, knowledge of the process enables individuals or
groups affected by the regulation to have a greater impact
on the decision-making process (i.e., to articulate their
preferences or ideas on regulatory reform).

Gaining insights about regulatory decision making is
extremely complex due to the intricacies of human psychology
and sociology. Things are not always what they appear to
be: Majone warns us that "[R]egulators have sought legit-
imacy for their decisions by wrapping them in a cloak of

scientific respectability.'3

Samuels and Shaffer (1982)
tell us that policymakers and interested parties often
invoke s8symbols, myths and ideology to convince others of
their views. Similarly, Edelman (1977) describes how
"political language" in bureaucracy is used to justify
decisions to the various conflicting groups that can impact
the agency. Language is used to shape behavior within an
agency and to evoke favorable perceptions of agency perfor-
mance outside of the agency: "It is not facts that are

crucial, but language forms and socially cued percep-

tions.'4 Regulatory decisions are not cut-and-dried choices

3Giandomenico Majone, "Process and Outcome in Regulatory
Decision-Making." American Behavioral Scientist 22, no. 5
(May/June 1979), p. 561.

4Murray Edelman, Political Language: Words that Succeed
and Policies that Fail (New York: Academic Press, 1977), p.
85.
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based on objective calculations of net social benefits.
Ultimately, they are political choices between conflicting
interests. In addition, various subprocesses of risk-
related decision making are characterized by what van
Ravenswaay (1983) calls a "science-policy interface."™ That
is, there are points in decision making and its subprocesses
where choices are based on policy considerations rather than
science. Choices can be politicized due to the nature of
the choice (e.g., choices made by weighing benefits and
costs, or choices made under uncertainty and risk) or due to
an inability or unwillingness to expend the funds necessary
to make completely informed decisions. Whatever the reason,
there 1is discretion in regulatory agency decision making
which cannot be explained by scientific knowledge or legis-
lative mandates.

Adding to the complexity of the decision-making process
is the fact that a number of different subprocesses combine
to form the entire decision-making process. These subpro-
cesses or stages include problem detection, identification
of alternative solutions to the problem, identification of
consequences associated with alternatives and choice between
alternatives. These stages of decision-making do not neces-
sarily occur in the order presented, and the extent to which
each occurs varies. All four of these stages and their sub-
stages contain policy (as well as science) aspects.

It is the policy aspects of the third stage, the identi-
fication of consequences, that this research investigates.

There is an attempt to answer the following questions:
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1. Which consequences of pesticide use and regulation

are identified? Somehow, decisions are made to evaluate

some impacts and not others in EPA's RPAR risk-benefit
analyses.5 One of the objectives of this research is to
determine which impacts are evaluated and to suggest reasons
for the choice of impacts.

2. To what extent are the consequences evaluated? This

is the heart of the empirical work contained in this thesis.
The question can be worded in another way: How good is the
information on consequences? The question is answered by a
careful examination of EPA's "position documents" which con-
stitute one of the outputs of the pesticide regulatory
process.

3. Why are consequences evaluated to that extent?

There is also an attempt to explain variations in the qual-
ity and amount of information obtained for a particular
consequence (mostly variations between uses of a pesticide).
There is a complex array of factors that could cause this
variation, but the focus here is on the influence of ex-
ternal interest groups on EPA's information-gathering
behavior. Chapter 2 reviews the literature on factors
affecting the regulatory decision-making process.

4. Which consequences are ignored? EPA does not con-

sider some of the impacts of pesticide use and regulation

5See Chapter 3 for a discussion of the value judgments
involved in conceptualizing and choosing impacts for analy-
sis.
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for budgetary and other reasons. In order to determine
which impacts are excluded, the risks and benefits of pesti-
cide use and/or regulation must be conceptualized. This
taxonomy of risks and benefits is found in Chapter 3.

There are several reasons for investigating this partic-
ular stage of decision making. The most obvious is the need
to narrow the scope of the research in some manner in order
to make it more manageable. Examining one subprocess or
stage of regulatory decision making allows a reduction in
scope without resulting in a superficial investigation of
the entire process. Second, and perhaps most important,
most of the criticisms and attempts at reform of pesticide
regulation have focused on the identification of conse-
quences. In fact, there have already been two major studies
of pesticide regulation since the regulatory reforms of

1972.6

In both studies a policy aspect of regulatory deci-
sion making on pesticides is acknowledged, but the emphasis
in both is on obtaining additional and better information on
the consequences of regulatory alternatives rather than on
understanding how such policy choices are made or how more
information affects decisions that are essentially policy

choices. Many of the reforms of the pesticide regulatory

process are attempts to "objectively"™ reconcile the

6Environmental Studies Board Committee on Prototype
Explicit Analyses for Pesticides, Regulating Pesticides
(Washington, DC: National Research Council, 1980).

National Research Council, Pesticide Decision-Making
(Washington, DC: National Academy of Sciences, 1977).
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uncertainty inherent in risk-benefit analysis; examples
include a Scientific Advisory Panel (SAP) established to
review assessments of the risks of pesticide use, the
creation of a role for the United States Department of
Agriculture (USDA) and state experts in the benefits analy-
sis, and the opportunity for members of the general public
to comment on EPA actions at various points in the regu-
latory process. In addition, a number of proposed reforms
relate to the identification of the consequences in pesti-
cide regulation. In order to evaluate the validity of
criticisms and the effectiveness of reforms it is essential
to understand the constraints on regulatory decision mak-
ing7 which limit the extent of consequence identification,
even in the absence of uncertainty. A final reason for
studying this stage of decision making is that knowledge
about one stage of decision making is useful in understand-
ing the other stages of decision making since they are
interdependent. 1In the case of consequence identification,
some theories of decision making state that decisions are
(or should be) made on the basis of information on the con-
sequences of alternative courses of action. If this
describes actual decision making, then the identification of
consequences 1is crucial to the choice between alternative

policies. Although this is probably an overstatement of the

7See Chapter 2 for a theoretical discussion of these
constraints.
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role of information in regulatory decision making and an
understatement of the influence of other factors, there is
undoubtedly a relationship between the two stages, as well
as between the identification of consequences and the other
two stages of regulatory decision making.

Thus, this research attempts to answer two general

questions -- how extensively are consequences identified for
each alternative, and why? The research consists of both

descriptive and explanatory work on one stage of regulatory

decision making.

THE RESEARCH SETTING: EPA REGULATION OF PESTICIDES

The above research questions are examined in the context
of the process developed by Congress and the Environmental
Protection Agency (EPA) to determine how pesticides that
pose a risk to human health and the environment should be

used. The Rebuttable Presumption Against Registration
A ——, - ~ereee,
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(RPAR) process was developed by the EPA in response to the
Federal Environmental Pesticide Control Act (FEPCA), which
was a 1972 amendment to the 1947 Federal Insecticide, Fungi-
cide and Rodenticide Act (FIFRA). The RPAR process is the
major mechanism with which EPA makes regulatory decisions on
pesticides which are suspected of causing harm to humans or
other non-target organisms.

The following is a brief overview of the RPAR process.
Although the focus of the research is on the identification
of consequences of alternative regulatory actions, a general

description of the entire process is appropriate in order to
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provide a setting for the research, given the inter-
dependence of the four stages of regulatory decision making.

Before 1970, while USDA still administered FIFRA, the
focus of the Act was on the registration and accurate
labeling of efficacious (as opposed to safe) chemicals. 1In
response to increasing knowledge and concern about the
safety of pesticides, the Act was amended in 1964 to include
chemicals which injure man, other vertebrates and other
organisms valuable to man in the definition of a "mis-
branded" chemical. The 1964 amendments also ended "protest
registration,"” a practice which allowed the registration of
a suspected misbranded chemical and placed the burden of
proving that a chemical was misbranded on the USDA. In-
stead, the registrants now had to prove that their chemicals
were safe, efficacious and/or properly branded in order to
obtain registration.

In 1970, the administration of FIFRA was transferred
from USDA to EPA. Two years later, major changes were made
in FIFRA when FEPCA was adopted. The most widely-quoted
phrase in the new FIFRA summarizes the major change in
philosophy contained in this amendment: EPA can register or
reregister only those pesticides which "... when used in
accordance with widespread and commonly recognized practice
... Will not generally cause unreasonable adverse effects on

the environment ..."8 where unreasonable adverse effects on

8Federal Insecticide, Fungicide and Rodenticide Act, 7
US Code Annotated, Sec. 136(a)(5)(D).
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the environment are "[alny unreasonable risk to man or the
environment, taking into account the economic, social and
environmental costs and benefits of the use of any pesticide
cee n9 These phrases signified a breaking of ties between
FIFRA and the interests of farmers. No longer was the Act
to solve conflicts between farmers and pesticide producers
-- the arena for conflict now contained pesticide producers
and farmers on the one hand versus those exposed involun-
tarily to the health risks of pesticides on the other.
Additional amendments to FIFRA in 1975 seemed intended
to promote accurate and balanced consideration of the bene-
fits and risks of pesticide use in EPA decisions on pesti-
cide registration. First, the amendments provided a role
for the USDA in the benefits analysis. Also, the 1975
amendments authorized the creation of a Scientific Advisory
Panel (SAP) to review the risk analysis for each pesticide.
The RPAR process itself was created by EPA regulation in
1975. Initially, the process was meant to be a mechanism
for finding problem pesticides, with administrative hearings
used to make regulatory decisions on the problem chemicals.
However, it soon became evident that EPA would like to
replace lengthy hearings with the RPAR process, which was an
informal and non-adversarial regulatory mechanism when

compared with the administrative hearings.

9Federal Insecticide, Fungicide and Rodenticide Act, 7
US Code Annotated, Sec. 136(bb).
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Figure 1.1 summarizes the steps in the RPAR process in
the form of an idealized timetable. This timetable has
never been followed for any chemical so far in FEPCA's brief
history, but it does provide a general chronology of the
process.

First, there is the pre-RPAR review, during which the
EPA decides whether or not to begin the RPAR process for the
particular pesticide in question. The decision is suppos-
edly based entirely on risk. In order to make this de-
cision, EPA obtains data from registrants and from the open
literature, and can also require additional information
(e.g., tests on toxicity of the chemical) from registrants.
From this information, EPA determines whether or not one or
more specific "triggers" for various health and environmen-

10 supposedly, EPA considers.—"

tal risks are met or exceeded.
exposure levels and margins-of-safety in addition to infor-
mation on the toxicity of the chemical in making the pre-
liminary risk assessment. It is generally EPA procedure not
to share much information with registrants during this phase
of the process.

Next, if EPA feels that a risk trigger has been met (as
it almost always does once pre-RPAR review has begun), a

Notice of Rebuttable Presumption Against Registration is

published in the Federal Register, often with the supporting

loU.S. Environmental Protection Agency, "Regulations for

the Enforcement of the Federal Insecticide, Fungicide and
Rodenticide Act," 40 Code of Federal Regulations, part
162.11 (July, 1983).
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Activity

Pre-RPAR Review,

EPA lets USDA and registrants know of its inten-
tions.

USDA may begin work on joint EPA/USDA/States
Benefits analysis if it feels that the EPA"s
Notice of Presumption Against Registration will
not be rebutted.

Position Document 1 (Preliminary risk assessment)
and Notice of Presumption Against Registration
published in Federal Register.

Development of rebuttals to PDI and Notice of
Presumption Against Registration by pesticide
registrants and perhaps USDA. If rebuttals are
successful, then EPA publishes Position Document
2 (which terminates the RPAR process) in the
Federal Register.

Benefits Analysis by USDA/EPA/States. This report
is used in EPA~s risk-benefit analysis.

EPA completes risk-benefit analysis.

Position Document 2/3 becomes available (discusses
risks, rebuttals, benefits, regulatory alterna-
tives and recommended alternative). Call for
public comment. Availability of PD 2/3 and
Preliminary Notice of Determination published in
Federal Register.

Comments due from public and from the Scientific
Advisory Panel (SAP evaluates the risk analysis
only). Comments also due from the Secretary of
Agriculture on impacts on the agricultural
economy.

Position Document 4 (analysis of comments and
final Agency decision) published in Federal
Register with Notice of Intent to Cancel.

Meeting with Dr. Fred Tschirley on April 15, 1981,

Environmental Studies Board Committee on Prototype
Explicit Analyses for Pesticides, Regulating Pesti-

cides. (Washington, DC: National Research Council,
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3. U.S. Environmental Protection Agency Office of
Pesticide Programs, "Status Report on Rebuttable
Presumption Against Registration (RPAR) or Special
Review Chemicals, Registration Standards Program,
and Data Call-In Program"” (Washington, D.C.: U.S.
Environmental Protection Agency, March 1984).

Figure 1.1 - Idealized Timetable for the RPAR Process

document, Position Document One, which is a preliminary risk
assessment of the pesticide. This Notice of RPAR and Posi-
tion Document One are subject to rebuttal attempts by
registrants and other interested parties. The official time
period allowed for rebuttal responses is 45 days from pub-
lication of the Notice of RPAR, but EPA generally grants 60-
day extensions. Rebuttal can be accomplished by proving
that the pesticide doesn't meet the trigger(s) or by showing
that exposure is low enough so that risk is not great. 1In
addition, EPA also seems to consider rebuttal comments that
show that the benefits of pesticide use are so great that
the risk is worth it. Rebuttals are rarely successful.

The next step, if the notice of RPAR is successfully
rebutted, is the issuance of a Position Document 2 explain-
ing why PD1 was rebutted and the return of the pesticide in
question to the registration process. If the rebuttal

attempts are unsuccessful, then a risk-benefit analysis of



o
ca

LARY
BY

Rl

wa

e



-16-

the status-quo use of the pesticide is developed, alterna-
tive solutions to risk reduction are generated, the risk-
benefit analysis is extrapolated and embellished upon for
each alternative solution, and a preliminary decision 1is
made between the alternative solutions (generally for each
use of the pesticide). All of this, as well as the chemical
background and regulatory history of the pesticide, and an
analysis of the rebuttal comments, is contained in Position
Document 2/3, which supports the Preliminary Notice of
Determination published in the Federal Register.

There is opportunity for external review of and comment
on the Position Document 2/3 and the proposed regulatory
action. 1Interested parties have 30 days to submit comments,
but sometimes extensions are granted by EPA. 1In addition,
the risk-benefit analysis and proposed regulatory decision
are reviewed by the Secretary of Agriculture and the
Scientific Advisory Panel (SAP). These two parties have 60
days from the publication of the Preliminary Notice of
Determination in the Federal Register to respond. If their
comments are received by EPA within 30 days, they must be
published in the Federal Register with EPA's reply and the
Final Notice of Determination.

The Final Notice of Determination is published in the
Federal Register, often with its supporting Position
Document 4. Position Document 4 replies to comments from
the Secretary of Agriculture, the SAP and others, and ex-

plains the rationale for the final Agency decision. Once
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this document is published, cancellation activities can

begin.ll

After this step, the RPAR process is complete and
the only recourse for interested parties is administrative
hearings.

The details of the process are still very much in a
developmental stage, as can be evidenced by reforms proposed
by EPA in the August 7, 1980, Federal Register and more
recent proposals to attempt to negotiate solutions to risk
problems with pesticide manufacturers instead of undertaking
the benefits analysis.

Figure 2 shows how the steps of the RPAR process corre-
spond with the four stages of decision making. There are
some additional aspects of the identification of conse-
quences stage which should be noted since that stage is the
focus of the research. The EPA obtains much of its infor-
mation from parties outside of the agency, such as the USDA,
state experts and the registrants. Many of these external
parties have a vested interest in the outcome of the regula-
tory process, and they may have an influence on the process
due to their control over information. Two different divi-
sions of the EPA's Office of Pesticide Programs collect and
analyze data for the risk and benefit assessments. The risk
analysis is performed by the Hazard Evaluation Division and

the benefits analysis is performed by the Benefits and Field

ll"Conditional Cancellation" means that a particular use
of the chemical will be banned if changes in labeling and/or
use practices are not made. "Unconditional Cancellation”
means that the chemical is banned.
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Stages of Decision Making

Pre-RPAR Review

Notice of Presumption
Against Registration
and Position Document 1

Rebuttal attempts and
public comments

If successful rebuttal,
Position Document 2 and
return to registration

USDA/EPA/States Benefits
Analysis and EPA
risk-benefit analysis

Position Document 2/3 and
Preliminary Notice of
Determination

Public Comments

Position Document 4

Source:

Problem Detection; Identifi-
cation of Consequences

Problem Detection; Identifi-
cation of Consequences

Problem Detection; Identifi-
fication of Consequences

Choice Between Alternatives
(alternatives = return to
registration and initiate
RPAR Process)

Identification of Consequences

Generation of Alternative
Solutions; Identification of
Consequences; Choice Between
Alternatives

Identification of Consequences;
perhaps Problem Detection and
Generation of Alternative
Solutions

Choice Between Alternatives

Compiled by the author.

Figure 1.2 - Steps in the RPAR process and van Ravenswaay's
four stages of regulatory decision making.
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Studies Division (in conjunction with USDA and State ex-
perts). A third»divisiop,_tthSpecial Pesticide Review
Division (éPRD), has overall responsibility for coordinating
P A
implementation of the RPAR process and also supervises the
weighing of risks and benefits and recommends a regulatory
option to the Deputy Assistant Administrator for Pesticide
Programs (who ultimately answers to the Administrator of the
EPA). The common thread throughout the risk-benefit analy-
sis for a particular pesticide is the project manager, who
is from the SPRD. However, the final decision is technic-
ally the responsibility of the Administrator; thus, the
situation is one in which information on the consequences of
alternative regulatory options is not generated by the final
decision maker.

One of the outputs of the RPAR process, aside from the
regulatory decision, is the set of position documents for
each pesticide which goes through the process. These doc-
uments provide information supporting various actions taken
by the Agency, from the initial rebuttable presumption
through the final decision. These position documents con-
tain information on the consequences of full use of a pesti-
cide and of alternative regulatory actions. Thus, the
position documents for the eight pesticides for which the
RPAR process had been completed at the commencement of the
empirical work serve as the data base for the work on conse-
quence identification. One limitation of the use of the

position documents as the data base is that all consequences
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which are considered may not be in the position documents.
However, it is still of value (as discussed in the previous
subsection) to know which consequences are identified, why,
and whether or not the consequences identified appear to
have any bearing on the choice between regulatory alterna-

tives.

ORGANIZATION OF THE THESIS

The remainder of this thesis is organized as follows:

Chapter 2 consists of a review of the theoretical liter-
ature on regulatory decision-making processes. Some of the
works examined in this chapter serve as the basis for the
explanatory variables conceptualized and operationalized to
explain EPA's identification of consequences in pesticide
decision making.

Chapter(gzis a conceptualization of the risks and bene-
fits of pesticide use. The intent of this chapter is to
provide a comprehensive taxonomy of risks and benefits to
serve as a basis of comparison with EPA's taxonomy of risks
and benefits.

Chapter 4 describes the methodology used in coding data
and testing relationships about EPA identification of conse-
quences in the RPAR process. The data set consists of the
position documents for eight pesticides for which RPARs have
been completed.

Chapte%:y is the first empirical chapter, consisting of
an analysis of the descriptive statistics and explanatory

work on the risks of pesticide use.
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Chapter 6 presents the results of empirical work on the
benefits of pesticide use.
Chapteréi;contains results, conclusions and directions

for future research.



CHAPTER 2
THEORIES OF THE REGULATORY PROCESS:

A REVIEW OF THE LITERATURE

INTRODUCTION

There is an immense body of literature from many differ-
ent disciplines on various aspects of regulatory agency de-
cision making. The objective of this chapter is to organize
and summarize some of this diverse literature to help in
describing, explaining and predicting the EPA's behavior
with regard to pesticide regulation. The literature review
is organized under four subheadings: the nature of regula-
tion, theories of regulatory decision making, the role of
information in decision making, and the usefulness of the
theories in explaining the quality of information obtained
by EPA to evaluate consequences of pesticide use or regula-

tion.12

THE NATURE OF REGULATION
Several authors have explored the nature of regulation

in general, as mandated and implemented, rather than details

12Other reviews of the literature on regulation are con-

tained in Noll (1976), Posner (1974), McCraw (1975), Fiorino
and Metlay (1977), Owen and Braeutigam (1978), Mueller
(1979) and Mitnick (1980).
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of regulatory decision making. The readings discussed below
do not constitute a random sample of this literature --
three of the four works are written by institutional econo-
mists. However, the articles suffice in presenting a pic-
ture of regulation which is not commonly considered in the
literature of neoclassical welfare economics. Regulation is
seen as the outcome of a power struggle for rights between
competing interests, the product of the value system of some
dominant class, or a response to an inappropriate balance
between equity and efficiency, rather than as a mechanism
for achieving greater economic efficiency within the status
quo system of rights. This literature provides a view of
regulation which supports the work of many of the theorists
in the next section, who concern themselves more with the
political realities of regulatory decision making and its
attendant impacts than with unconstrained decision making
with the goal of economic efficiency.

Paul Weaver (1978), a non-institutionalist (and also a
non-economist), feels that the nature of regulation has
changed over time, but that it is and always has been the
manifestation of the values of a particular dominant class.
The "old" decision making (e.g., airlines, public utili-
ties), characterized by the "iron triangle"™ -- a coalition
of the regulated industry, the regulatory agency or commis-
sion, and the Congressional subcommittees responsible for
legislative hearings and oversight -- was a reflection of

the values of the liberal democratic class which dominated
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national thought at the time of the enactment of the enabl-
ing legislation. The "new" decision making, which is not
explained by the capture theories of regulation or by most
empirical work, is a result of the humanistic values charac-
teristic of a new dominant class. This regulation includes
much of the health and safety and income maintenance regula-
tion, and Weaver claims that the new iron triangle is com-
prised of the press, public interest groups and the Federal
government.
Weaver sees regulation as social policy rather than

economic policy. Indeed,

That is why all economists, whatever their

political views, end up being so critical of

government regulation, at least as it works

out in practice. They think regulatory policy

should make sense economic§&£y -- which, of
course, it never quite does.

Weaver is wrong. Although many economists see the
purpose of regulation as correcting "market imperfections"
in an economically efficient manner, and judge regulation
accordingly, not all do. Among those who do not are the
following institutional economists, who attempt to describe
the regulatory process in a positive manner in terms of the
relationship between institutions (common and statutory law,
regulation, customs, morals, et cetera) and economics,

Reynolds (198l1) criticizes some of his fellow economists

for judging regulations which are a response to efficiency

13Paul Weaver, "Regulation, Social Policy, and Class
Conflict." The Public Interest 50 (Winter 1978): 56.
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and/or equity problems in terms of efficiency alone. Like
Weaver, he notices variations in regulation depending on the
time of the enactment of the enabling legislation. The old
regulation (basically pre-1970) 1is industry-specific and
attempts to achieve the desired allocational or distribu-
tional goals by augmenting revenues of the regulated group.
Such regulation is typically demanded (and captured) by
firms, industry groups or trade associations. Function-
specific regulation (post-1969) is seen by Reynolds as often
being a response to the industry-specific regulation's
impacts on equity and/or efficiency. However, this type of
regulation affects costs rather than revenues of the firms
or other regulated groups.

When describing the industry-specific and function-
specific regulation, Reynolds is describing two types of
explicit regulation. Explicit regulation consists of the
implementation and enforcement of statutory and common law
chosen in the political process, whereas implicit regulation
refers to informal "laws" such as habits, norms, ethics and
values.

The entire system of regulation in Reynolds' world is
affected by and affects technology. The system needs to be
a combination of implicit and explicit regulation which
exhibits some degree of companionship with the technological
and physical world. If this compatibility does not exist,
then the regulatory system will change. Compatibility is

essentially an appropriate (socially acceptable) balance
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between equity and efficiency and an adequate level of
flexibility. It is a function of the legislation, sup-
porting institutions, and "escapements" in the regulation
(mechanisms which result in distorted perceptions of the
relationship between compliance with and impacts or costs of
the regulation). Sudden perceptions of market failure are
really responses to social and ethical changes, and/or the
loss of escapements for existing regulation.

Changes in the regulatory system comprise a life cycle.
In general, Reynolds sees implicit regulation evolving over
the long run. If the implicit regulation fails to produce
socially acceptable allocative and distributive impacts,
then revenue-augmenting (industry-specific) regulation is
established.14 In response to new allocations an distri-
butions, other groups may attempt to obtain their own
revenue-augmenting regulation to offset costs of the
revenue-augmenting regulation of others. Function-specific
regulation is often a response to perceived inadequacies of
industry-specific regulations. Finally, the current popular
support for "deregulation" is a response to changes which
have made the function-specific regulation unacceptable.
Reynolds' regulatory system is dynamic and it determines and
is determined by technological progress.

Samuels, Schmid, and Shaffer (1981) also see the regula-

tory system as dynamic and as a dependent and explanatory

14Explicit regulation usually overrules implicit regula-

tion.
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variable in larger systems. To these economists, the cen-
tral issue in regulatory decision making is not which form
of regulation is "best"™ or the efficiency of regulation, but
rather "whose interests are to be promoted by regulation and
how...,"15 for regulation restricts the opportunity set of
some individuals while expanding or improving opportunities
for others. As implemented, regulation (and changes in reg-
ulation) are rights in that both regulations and rights
distribute costs, benefits and risk among interdependent
parties.

In a broader context, regulation both exists in and
determines a power structure. It is only one of many forms
of social control which are intended to achieve a balance
between freedom and control, hierarchy and equality, and
continuity and change. Various groups within a power struc-
ture try to use government to achieve regulation in their
favor. Both "public"™ and "private®" regulations free some
individuals at the expense of others (albeit different
individuals); they are merely alternative ways of achieving
social control. According to the authors, "Arguments over

regulation concern the pattern of freedom versus exposure to

15Warren J. Samuels, A. Allan Schmid and James D,
Shaffer, "Regulation and Regulatory Reform: Some Funda-
mental Conceptions®™ in Law and Economics: An Institutional
Perspective, eds. Warren J. Samuels and A. Allan Schmid
(Boston: Martinus Nijhoff Publishing, 1981), p. 248.
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the freedoms of others ..., made by power-playing actors
participating in the drama of working out social con-
trol."16

Samuels and Shaffer (1982) continue this theme in their
paper on deregulation. 1In this paper, they attempt to show
that eight arguments commonly put forth in favor of deregu-
lation are normative arguments and are inconclusive. Some
of the major points in the paper are that deregulation and
regulation are funtionally the same in that both protect
rights (different people's rights), deregulation represents
a restructuring of rights, only selective perception makes
deregulation distinct from rights, to say that regulation
and/or deregulation are good or bad requires normative judg-
ments, both regulation and deregulation require coercion of
those whose opportunity sets are restricted, and definitions
of output (which are determined by regulation and deregula-
tion) determine whether or not deregulation promotes produc-
tivity and efficiency along with the set of rights used to
determine the efficient or Pareto-optimal allocation of
resources (which is also determined by regulation and dereg-
ulation).

All of these writings on the nature of regqgulation are
based on the general theme that regulatory decisions are
political as well as scientific. Decisions do not simply

fall out of the analysis of benefit and cost information,

nor does the regulatory process revolve around the gathering

161pid., p. 255.
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of objective information. This has strong implications for
decision making in general and for the identification of
consequences of regulatory decisions in particular. The
next section of this chapter is an attempt to move from the
general to the specific by summarizing different theories on
the factors which influence the regulatory process and its

output.

THEORIES OF REGULATORY DECISION MAKING

Regulation theorists need to address two major questions
if they are to provide information on the regulatory
decision-making process: what are the goals (objective
functions) of regulators, and what factors constrain the
achievement of those goals? The theorists answer these
questions in different ways. In order to facilitate the
discussion of this diverse group of theories, the works are
organized according to the hypothesized objective functions
of the regulators. The theories can be classified under the
subheadings of theories with agency-wide objective func-
tions, theories with different objective functions for
various coalitions within an agency and theories with dif-
ferent objective functions for individual regulators in the
agency.

Theories With Agency-Wide Objective Functions. Some

theorists assume that agency goals dominate the behavior of
individual regulators within the agency. This behavioral
assumption has some validity, and perhaps good explanatory

power since agency leaders (as well as managers in the
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private sector) have mechanisms to encourage individuals to
adopt agency goals. Also, such assumptions simplify the
study of agency decision making by ignoring individual
aberrations from agency goals.

Agency survival. Several theorists assert that

there is a link between voter behavior and agency behavior.
That link is the elected politician whose fate is determined
by the voter and who, in turn, determines the fate of the
agency. Legislators and other elected officials have power
over agency officials via appropriations, program authoriza-
tion, appointments and legislative oversight (see Thurber
(1976)).17 Thus, the agency officials try to make decisions
which improve the number of votes, size of the campaign
chest, and perhaps personal wealth of the politician.

One of the more interesting theories of this type was
formulated by one University of Chicago professor and ex-
tended and formalized by another. Nobel prize-winner George
Stigler (1971) is really explaining legislative creation in
his work on economic regulation, but Sam Peltzman extends
Stigler's work to agency decision making by assuming that
voters will express dissatisfaction with agency decisions by
voting against the elected politicians who appointed the

agency officials. Voters and regulatory agencies are linked

17Thurber also hypothesizes that the agency-elected
official relationship may be one of cooperation rather than
confrontation.
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because agency officials require elected politicians'
support in order to perpetuate their activities. It is con-
ceivable that this hypothesis applies to the EPA since the
environmental lobby influences a large number of voters and
is politically sophisticated, the environmental groups are
often opposed by industry groups that are also well organ-
ized and powerful, and legislators are often rather clearly
for or against government programs for environmental pro-
tection.

Stigler suggests that regulation is often obtained by
(and for) industry due to the nature of the "market" for
regulation. The regulatory market is different from the
economic market in that the output must be adhered to (in
principle, anyway) by everyone. If all regulatory decisions
were made democratically (i.e., by voting), then policies
which resulted in more gainers than losers would be adopted,
assuming perfectly informed and rational voting.

Why, then, do regulations often seem to benefit fewer
people than they hurt? The answer has to do with the nature
of the market for regulation. People do not vote on all
issues; instead they elect representatives to vote on
issues. These representatives and their political parties
(and, if extended one step further, the agencies) are the
suppliers of regulation. Regulation is demanded by industry
and other groups in Stigler's model because it results in
the redistribution of wealth and income, and it is paid for

with votes and dollars for the politician. Thus, in order
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to pay for regulation with the required number of votes
and/or dollars, voters must incur the costs of informing
themselves on an issue, organizing to articulate their
preferences and persuading others to support (or not oppose)

18 They will only

the politician supplying the regulation.
incur these costs if the benefits from obtaining the favor-
able regulation exceed the costs. As the size of the group
demanding regulation increases, the per capita benefits
decrease and the costs of organization and persuading other
voters increase. The free-rider problem also increases with
size -- firms may expect other firms within the industry to
pay for beneficial regulation from which no already-existing
firm can be excluded. Since costs increase and benefits de-
crease with size, smaller groups with an economic incentive
to precisely articulate their demand (such as industry
groups) may be the only demanders of regulation according to
Stigler.

Peltzman (1972) formalizes and generalizes Stigler's
theory. He explicitly establishes the voter—-agency link by
making note of the power of the President and Congress to
appoint agency officials and the resulting potential for
these elected officials to be held accountable for agency
performance. The goal of regulators is to maximize votes

and/or resources for elected representatives in order to

18Bartlett (1973) develops a framework which shows how
groups may subsidize information on the outcomes of policy
to other groups in order to influence perceptions of the
policy.
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assure agency survival. Resources are assumed by Peltzman
to be used by politicians to diffuse opposition to regula-
tion.

Peltzman's mathematical model solves for the vote-
maximizing sizes of the groups to be benefited and taxed as
well as the vote-maximizing distribution of benefits and
costs among groups. The variables which explain the regu-
lators' decisions on distribution of benefits and costs
include the wealth of the winning and losing groups, the
groups' responses (in terms of votes and resources) to
taxation or benefits, and the sizes of the winning and
losing groups. Thus, in order to maximize votes for the
politician, the agency decision must reflect each group's
relative power to affect the politician and, ultimately, the
agency. If there is no opposition to a policy and if all
beneficiaries will vote for the politician, then size be-
comes the dominant factor. However, if there is opposition
and if votes are difficult to deliver, beneficiaries must
expend resources to obtain votes (i.e., organize and articu-
late preferences) and mitigate opposition, so wealth of the
groups becomes important.

The explanatory variables in the decision on the sizes
of benefiting and losing groups include the amount of sup-
port for the regulation, the amount of opposition, and the
costs of organization facing the different groups.

Several general conclusions can be drawn from Peltzman's

model. First, even if one group obtains all of the benefits
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of the regulation, the groups would have obtained more
benefits if a cartel had been formed without help from the
government. The reason for this phenomenon in Peltzman's
model is that regulators must account for the political
power of opposing groups in order to maximize votes:; the
vote maximizing distribution of benefits and costs of regu-
lation is determined by equating marginal political costs
(to the regulator) and marginal political benefits. Second,
Peltzman concludes from his model that there may be more
than one group of beneficiaries if regulators can supply
different levels of benefits to individual voters according
to their sensitivity to benefits or taxes. In fact, tax-
sensitive members of the losing group may actually benefit
from the regulation while insensitive members of the winning
group may be taxed. Stigler's theory, which proposes that
the regulated industry is the only winning group, is a
special case of Peltzman's general theory.

Other theories hypothesizing agency-wide goals of vote-
maximization are very similar to the Peltzman-Stigler
theories, although not as precisely stated.

Owen and Braeutigam also assume crucial links between
voters, Congress and regulatory agencies. According to this
theory, voters wish to obtain regulation to protect their
wealth in the face of technological and economic change
(stigler and Peltzman, in focusing on economic regulation,
see regulation as a means of increasing wealth). 1In other

words, voters wish to take some of the risk out of the
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marketplace. This desire is communicated to the agencies by
Congress and voters via administrative law, which slows
change, allows all interested parties to voice their con-
cerns, and protects the status quo.19

Therefore, if regulatory agencies want Congressional
support, they must protect voters from sudden changes in
income or wealth. Administrative law helps to ensure this
protection. This result is essentially equivalent to
Peltzman's result that the winners in the regulatory process
cannot receive all potential gains due to the necessity for
regulators to account for conflicting interests. Owen and
Braeutigam weaken the link between the agency and the voter
by suggesting that other theories of regulation may be
usefully interjected into their framework to explain discre-
tionary agency behavior.

John Baldwin's (1975) theory likewise makes a connection
between the agency, elected officials and voters. Bureau-
crats are assumed to be self-interested with a dominant goal
of agency perpetuation, which is accomplished by helping to
ensure the re-election of the incumbent government. Since
regulation imposes costs on some groups, the agency's role
is to establish an agreement between conflicting interests.
Regulators thus attempt to choose the regulatory alternative

with costs that can be disguised from the losers (resulting

19This is an example of "voice" as described in Hirsch-
man (1970).
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in fewer lost votes to the incumbent government). This con-
clusion is consistent with the Peltzman and Stigler models,
which predict decisions resulting in diffuse costs and
concentrated benefits. Baldwin acknowledges the existence
of agency behavior independent of the incumbent government
when he suggests that some agency support may come from
outside of the government.

A goal which is related to vote-maximization is that of
conflict-minimization. The conflict-minimization theorists
take a somewhat broader view of external pressures on agen-
cies than do the vote-maximization theorists, and conflict
minimization may imply efforts to avoid opposition rather
than to seek support. 1In fact, efforts to disguise costs as
suggested by Baldwin may actually point more toward conflict
minimization than vote maximization. However, the general
idea is still the same. The agency is seen as being subject
to pressures from the courts, the media, other agencies and
interest groups, as well as from elected officials. 1In
order to maintain the agency, regulators attempt to minimize
conflict from these sources.

Paul Joskow (1974) points out that agencies are gener-
ally given a good deal of flexibility in decision making
with regard to the intent of a mandate, the method of
achieving the intent and procedures for implementing the
method. Constraints of due process from the courts and the
legislature limit this discretion somewhat. Regulatory

behavior is also constrained by the agency environment,
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which consists of interactions between the agency and groups
affected by regulatory decisions. Regulators experience
pressures from other participants in the regulatory process
~—- consumer groups may act as "intervenors" during the
regulatory process or exert pressure on the agency outside
of the formal process, and regulated firms are also in
contact with the agency during the formal process as well as
on an informal basis.

According to Joskow, an agency can be in equilibrium
with its environment if procedures and regulatory instru-
ments have been developed to balance the <conflicting
interests, or the agency can be in the "innovation mode,"
during which a search for procedures and instruments to
restore equilibrium occurs. Factors which create an impetus
for change 1in the regulatory process include economic
factors (e.g., industry changes, inflation) and political
factors (e.g., the environmental movement, civil rights
movement). These changes modify the relative power and the
nature of the various interests in the regulatory process.
Thus, the theory is similar to Peltzman's in terms of ex-
planatory variables.

Richard Posner (1971) implicitly assumes some sort of
conflict-minimization or vote-maximization goal for agencies
when he describes the rationale for the cross-subsidization
form of regulation. Internal- or cross-subsidization is
regulation which results in the production of goods or ser-

vices at lower prices or in larger amounts than what would
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have been produced in the absence of regulation. The result
is that some people pay (are taxed) so that others can
obtain goods at subsidized prices.

Posner hypothesizes that cross-subsidization is popular
with regulators as an instrument for redistributive policy
due to its low visibility relative to direct taxes (again,
the Stigler-Peltzman theme of dispersed costs), the diffi-
culty of judicial review, relatively low administrative
costs and implementation without need for Congressional
approval. This type of regulation scores high marks with
regulated firms because it often results in entry control,
and comprehensive enforcement of prices and quantities of
goods is difficult. In Posner's theory, regulators appear
to make regulatory decisions which balance conflicting
interests in response to environmental pressures.

All of the preceding theories contain some common ele-
ments. All, of course, retain the agency goal of survival
via vote-maximization or conflict-minimization. In addi-
tion, they all suggest that constraints on goal attainment
include pressures in the agency's external environment --
namely, pressures from conflicting interests, courts, legis-
lators and/or the executive branch. Thus, if these theories
represent a realistic abstraction of regulatory agency
behavior, relevant explanatory variables of regulatory
decision making would include the power of groups in the

reguiatory process to impact the agency.
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Budget-maximizing or size-maximizing agencies.

Another important set of theories with agency-wide goals is
based on the assumption that regulators want to maximize
agency size, budget or influence. There are two rationales
for assuming this goal: some theorists feel that agency
survival is assured not by maximizing votes for legislators
or balancing conflicting interests, but rather by more
actively trying to increase agency size over time; and other
theorists believe that agency size and/or scope is tied to
goals of individual regulators, such as salary, prestige,
power or job security. These theories do not necessarily
invalidate the theories described in the previous section:
instead, they may better explain regulatory decision making
at certain points in an agency's history. For example, it
may be that the EPA was a "growth" agency during much of the
19708 when there was a great demand for environmental pro-
tection, but that it is currently a "conflict-minimization"
or "survival" agency in the face of recession.

Warren Samuels (1973) believes that regulators seek to
increase agency authority or power as a means of achieving
their own individual goals, such as maximization of income,
status or power. The main constraint in his model is the
power of others to affect regulators' decisions. However,
the power structure not only determines decisions but is
also determined by previous decisions.

Thus, the system of regulatory decision making is a

struggle between interested parties to obtain favorable
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legislation or regulation. A group's strategy is often to
attempt to make its particular goals the goals of the
agency:

Rational decision-making would seem to
require well-defined, precise, agreed-
upon objectives and goals of regulation,
and the absence of same in regulation has
been widely lamented. But a heterogen-
eous institution 1leads to ambiguous
statements of purpose and goals because
of the continuing jockeying for position
as parties-in-interest compete to have
their particular goals become the goals
of the institution and to revise the
statutory goals, the intermediate ends
and the working rules in their interests.
With multiple, competing goals and
criteria advanced by competing parties-
in-interest, clear and consistent goals
or solutions are not permanently possi-
ble, as all are subject to continual
revision in Qe corner or another of the
. . . 2

institution.

In furthering its own goals, then, the agency must be re-
sponsive to the power and goals of conflicting interests.
Other variables in Samuels' general equilibrium system
which affect and are affected by decision making include
working rules (institutions which control the distribution
and use of power), the system of values (regulatory impacts
may be capitalized into asset values while those values are
used in making decisions), the structure of opportunity sets
of various interested groups, ideology, preferences, indi-

vidual choice, resource allocation and distribution of

OWarren J. Samuels, "Public Utilities and the Theory of
Power" in Perspectives in Public Regulation: Essays on
Political Economy, ed. Milton Russell (Carbondale, Ill:
Southern Illinois University Press, 1973), p. 10.
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income and wealth. These variables, in defining the power
structure, help to explain regulatory decisions.

There are similarities between Samuels' approach and
that of Peltzman. Both theorists stress the importance of
economic and political power and the ability of groups to
organize, given the structure of benefits and costs of
action. Both recognize the advantage of regulated indus-
tries in the power struggle. But Samuels' theory is a much
more comprehensive conceptualization of regulatory decision
making. Peltzman, by his own admission, does not attempt to
describe the determinants of the power which he suggests
explains regulatory decision making. Samuels, on the other
hand, provides a general equilibrium model of the determi-
nants of power as well as its impacts on regulatory decision
making.

William Niskanen (1975) develops a theory of the supply
of government output based on two major assumptions: agen-
cies strive to maximize their budgets, and both suppliers
(agencies) and demanders (government review groups) of
regulation are monopolistic. The latter assumption provides
a bilateral monopoly situation in the market for regulation
and establishes the agency-elected official link favored by
so many other theorists. However, Niskanen does not feel
that the link is so complete that the goals of the elected
officials are directly transferred to the agency. Instead,
the power of elected officials serves as a constraint on

agency attainment of the budget-maximization goal, along
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with other factors which determine the reward structures of
bureaucrats. Niskanen's major conclusion is that monopolis-
tic agencies overproduce and overspend relative to the
demand for the good or service produced by regulation when
the agency goal is budget maximization and when a monopolis-
tic review committee is the demander of regulation.

Shapiro and Shelton (1977) suggest that agency size is
related to personal goals of regulators, particularly
salary, so they assume that the agency-wide goal is to in-
crease agency size. Agency discretion in the attainment of
this goal is constrained by relationships with other groups
in the regulatory process, such as legislators, taxpayers,
the executive branch and beneficiaries of regulation.
According to this theory, agency officials attempt to make
decisions which garner support from beneficiaries of the
decision, facilitate re-election of elected officials and
disperse costs of the regulation so that taxpayers perceive
the costs as being lower than the costs of opposing the
regulatory decision. These are the same factors that are
emphasized in the theories of Stigler and Peltzman.

Downing and Brady (1979) also assume that bureaucrats
are interested in increasing agency responsibility in order
to increase their own income and power and to further speci-
fic agency goals. They suggest that politicians have goals
of re-election, upward mobility and the furthering of some
concept of the public interest; firm managers try to in-

crease their own real incomes by increasing firm profits and
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stock values:; and consumer group leaders desire changes in
property rights which reflect their ideas of equity.

Choices by these groups are constrained by income and by
the costs of action. Rational behavior involves bargaining
with other groups for votes, contributions and/or resource
transfers. Trades affecting the benefits and costs of
policy decisions are made between groups in order to mutu-
ally improve their situations. There also may be attempts
to change the costs of action faced by groups favoring or
opposing policies which affect a particular group's welfare.

McKenzie and Macaulay (1980) assume a primary agency
goal of increasing size and domain. Regulators attain this
goal by making decisions which decrease efficiency in the
private sector in order to make the public sector 1look
relatively efficient. For example, monopolization of the
private sector raises the price of privately-produced goods
relative to public sector substitutes. Constraints on this
type of behavior by the agency are not discussed in the
article. The implication is that costs of action to one
group are related to the power of other groups in the reg-
ulatory process.

Summary =-- theories with agency-wide objective

functions. The major contribution of the preceding theories
to this research is to develop the concept of interest group
power as an explanatory variable for regulatory decision
making. The Peltzman model is particularly precise in its

description of how various characteristics of groups in the
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regulatory process affect the nature of the regulatory
process, and thus proves very useful in hypothesizing rela-
tionships between explanatory and dependent variables.

Theories Assuming Different Goals Within an Agency.

Another group of theorists hypothesizes that individual reg-
ulators or coalitions of regulators have unique, multiple-
argument objective functions. These theorists believe that
attempts to aggregate individual behavior on the basis of
some dominant goal do not result in accurate explanations of
decision making. However, this argument is not adopted in
this research. Individual or coalition goals which vary
from an agency-wide goal may account for unexplained vari-
ations between observed agency behavior and behavior
predicted by one of the theories in the previous section,
but it is assumed here that good explanatory power is ob-
tained from models with agency-wide goals (especially when
considering the relative simplicity of these models), for
many of the same reasons that firm-wide objective functions
have proven useful in the theory of the firm. Furthermore,
there is no reason why individual goals couldn't be incor-
porated into one of the theories with agency-wide goals to
improve its explanatory power in future research -- the two
views are not necessarily mutually exclusive. Since the
choice in this research is to place more emphasis on agency-
wide objective functions, the following theories will be

described with more brevity than the preceding theories.
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Coalitions of regulators. Wilson and Downs are the

major proponents of a group of theories in which individual
requlators are assumed to have objective functions which are
similar enough for the regulators to be categorized into
discrete groups of individuals with common goals.

In James Q. Wilson's theory (1980), there are three
types of bureaucrats. Careerists look to agency success for
their own personal success. Their primary goal is to main-
tain the agency, which 1is accomplished by cultivating

21 An example of

political support and avoiding scandals.
the latter strategy appears in Wilson's book: *In regula-
ting pesticides, EPA is keenly aware that if a product it
has registered is later shown to produce cancer on a large
scale, the agency will be crucified and the careers of all

n22 Careerists in

concerned blighted, if not destroyed.
agencies learn through reinforcement to accommodate people
who will use errors against them.

Politicians in an agency have long-term goals of upward

mobility outside of the agency which will result in finan-
cial rewards and desirable career patterns. Therefore, they
want to be as visible as possible to potential future em-

ployers.

21Careerists appear to be the pure form of bureaucrats
described in the theories with agency-wide objective func-
tions.

2James Q. Wilson, The Politics of Regulation (New
York: Basic Books, Inc., 1980), p. 375.
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Finally, there are professionals in Wilson's typical

agency, who obtain utility from others in the same profes-
sion. Individuals in the same professions have similar ways
of looking at the world, so they are likely to form coali-
tions within an agency. When there are individuals from
several different professions in an agency, such as in the
EPA, decision making may be greatly influenced by the pro-
fession which dominates.

The behavior of the three types of regulators is influ-
enced by certain key characteristics of the environment
within which regulatory decisions are made. Wilson believes
that technological and economic change, institutions, and
politics and ideas (e.g., access to the political system,
the media and friendly legislators) are three important
characteristics of the regulatory environment.

Anthony Downs (1965) also delineates several different
groups of regulators according to their goals. Climbers and
Conservers behave only according to personal goals. Climb-
ers attempt to maximize their own power, income and prestige
by obtaining promotions, moving to better jobs outside of
the agency or increasing the prestige and power of their
current positions. Conservers, on the other hand, maximize
security and convenience, and thus are very much interested
in protecting the status quo. Other regulators pursue both
personal and collective goals:; mixed-motive officials in-

clude zealots, advocates and statesmen. Zealots devote
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their collective energies to narrow issues, whereas advo-
cates fight for particular organizations or policy areas.
Statesmen support the broadest collective group -- they
maintain goals relevant to society as a whole in their
objective functions.

In considering variables affecting agency decision
making, Downs feels that the internal structural variables
of an organization cannot be considered separately from
variables describing the external environment within which
an agency operates. Some of the internal and external
variables contained in his hypotheses on agency behavior
include information costs, capability of decision makers,
degree of uncertainty, degree of information distortion and
conformity of lower-level bureaucracy to agency goals (both
affected by the degree of hierarchy in the agency), time
constraints, bias of decision makers, degree of coordination
between agencies with overlapping duties, degree of goal
homogeneity between individual regulators, the age of the
agency and the agency's rate of growth. Thus, decision
making is influenced by the internal structure of the
agency, which determines and is determined by the agency's
external environment.

Unique objective functions for individual regula-

tors. The models which hypothesize unique objective
functions for individual regulators are more complex and
less definitive than those which assume an agency-wide

objective function. However, they may result in greater
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explanatory power. The following is a brief summary of some
of these theories. The theories are not necessarily in
conflict with the Stigler-Peltzman and other theories:
instead, they may explain some of the deviation of actual
decision making from decision making predicted by theories
with agency-wide objective functions.

Roger Noll (1971a) assumes that individual regulators
maximize unique objective functions which may contain the

23 and

regulator's welfare, agency maintenance and/or growth,
the welfare of groups and individuals impacted by the reg-
ulators' decisions. Noll downplays somewhat the Congress-
agency 1link. Although he feels that Congress is able to
influence decision making, he also believes that the budget
of a single agency is such a small portion of the total,
complex federal budget that Congress is not particularly
informed or concerned about individual decisions in an
agency when making budget decisions.

Like Stigler and Peltzman and many others, Noll sees the
power of interest groups, dependent on benefits and costs of
group activity, as affecting decisions. The tendency to
overcompromise so that all interested parties "gain" some-
thing (as in Peltzman's theory) results in a sacrifice of

the "social optimum"™ in Noll's mind. The degree of con-

troversy is hypothesized to be directly related to the

23It is conceivable that an agency could be growing dur-

ing one time period (e.g., EPA in early 1970s) and struggle
for maintenance during another time period (EPA now?).
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length of time it takes an agency to reach a decision, the
amount of information search, the shifting of responsibility
for the decision and the costs of access to the agency by
interested parties. The latter strategy for diffusing con-
troversy may backfire if interest groups bypass the agency
and go directly to Congress, thus increasing Congressional
pressure on the agency. Many of these ideas are reiterated
in Noll (1971b).

Marc Roberts (1975) has formulated a framework of the
variables which explain the decision outcomes of private and
public organizations. In an effort to explain how individ-
ual decisions are translated into an organization's deci-
sions, Roberts classifies explanatory variables into four
groups: variables describing the agency's external environ-
ment, the internal structure of the organization, the set of
rewards and punishments which control an individual's behav-
ior within the organization and individual beliefs and
goals.

Roberts feels that the "external variables" are less
important than "internal variables" in explaining organiza-
tional decision making, which is counter to most of the
other theories examined thus far. However, this hypothesis
may be less true for government agencies requiring legisla-
tive and taxpayer support than for organizations which do

not have to account to external constituencies.
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Shaffer (1979) identifies several groups as participants
in the regulatory process: government (including the legis-
lature and the bureaucracy), consumers, the media and pro-
ducers of non-regulation goods. The individuals in these
groups have their own sets of goals and operate in an en-
vironment constrained by the institutional structure,
ideology, physical constraints and uncertainty. These con-
straints on decision making both determine behavior and are
determined by prior behavior in the political-economic
system.

Government suppliers of regulation have different goals
and face unique environments, and may not be held responsi-
ble for decisions since much government output is unmeasur-
able. Regulators seek information on the preferences of
those groups which demand regulation. As Stigler, Peltzman
and others recognize, it may be costly for some individuals
or groups to make their preferences known to regulators, but
Shaffer extends this concept by suggesting that there is a
market for information on preferences. Thus, the suppliers
of this information are able to influence the regulatory
process.

Ross Eckert (1973) attempts to explain decision making
with alternative internal structures of regulatory bodies
(an agency structure and a commission structure) in an
empirical study of taxicab regulation. He specifically
examines how different incentive structures facing commis-

sioners and agency officials result in different choices.
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Eckert assumes that regulators rationally maximize
utility, with utility a function of multiple variables such
as wealth, prestige and convenience. Commissioners usually
have a legislatively-determined income independent of hours
worked or difficulty of duties, whereas agency officials may
obtain salary increases as the scope and complexity of their
tasks increase. Therefore, commissioners may generate more
utility by simplifying tasks while agency officials may max-
imize utility by increasing the agency budget or the number
of firms regulated. Eckert presents data on commission and
agency regulation of taxicabs which tentatively support his
ideas.

Kohlmeier (1973) sheds some light on the informal regu-
latory process -- specifically, with regard to private
meetings between regulators and the regulated. If the
regulators' objective functions include future employment
within the regulated industry or avoidance of adverse
industry-wide publicity against the agency, then private
meetings may impact regulatory decisions.

Theories assuming unique individual objective functions
usually result in fewer definitive conclusions than the
theories assuming individual conformity to agency-wide
goals. Although the former group of theories may have
greater explanatory power, their use in applied research may
be difficult due to problems in measuring the variables,
determining individuals' objective functions, and aggrega-
ting individual behavior to make a statement about agency

behavior.
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THE USE OF INFORMATION IN REGULATORY DECISION MAKING

If it is acknowledged that regulators operate in a
political setting and have goals other than maximizing net
benefits to society, then it becomes necessary to examine
the role of policy analysis and its resultant benefit-cost
information in regulatory decision making in order to under-
stand why the information is of a particular quality. This
section of the chapter examines the issues of whether more
information leads to better decisions, the characteristics
of regulators' information searches and the various hypo-
thesized roles of information in regulatory decision making.

Is More Information Better? Many economists believe

that with enough information, a decision will "fall out" of
an economic analysis,24 but this viewpoint is not shared by
all. Still, many people do believe that more information
enhances decision making, even if it doesn't explicitly
point to decisions.

Schmid (1978) points out that no matter how good the
information is on costs and benefits, there is still no
objective decision rule for choosing winners and losers in
regulatory decisions. The concept of potential Pareto-
optimality in neoclassical welfare economics is based on an
assumption that winners reimburse losers; however, this does

not occur in the real world. Schmid feels that a careful

24This conclusion is reached after adopting the norma-
tive premises that utility can be summed across individuals
and that objective values can be obtained for benefits and
costs.
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taxonomy and analysis of impacts can lead to better-informed
decisions, and therefore is very useful, but such informa-
tion does not tell regulators what to decide.

Lowrance (1976) specifically addresses risk analysis,
such as the type used in pesticide regulation. He disting-
uishes between two subprocesses in regulatory risk analyses:
the determination of risk, which has the potential of being
a scientific process, and the judgment of the acceptability
of that risk, which is a value judgment. Like Schmid, he
feels that information can provide the regqulator with a
determination of policy impacts, but it does not provide an
answer as to the acceptability of those impacts.

Majone (1979) also feels that risk evaluation is not
scientific or factual due to uncertainty and the necessity
of value judgments in regulatory decisions. He believes
that changes in the decision process may result in the
channeling of disagreement and conflict into better infor-
mation and better decisions.

Characteristics of Information Search. Several authors

stress the need for regulators to make uncertainty and
information overload more manageable in decision making.
All of these authors suggest that decision makers develop
standard operating procedures to achieve this manageability.

van Ravenswaay and Hull (1981) look at the information
requirements of food safety regulation which would result if
the goal of a regulator was maximization of net social bene-

fits. They imply that there is a market for information,
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with supply determined by costs of the information and
demand determined in part by the agency's information
budget. Both information costs and the information budget
are affected by the regulatory context (including methods
for calculating the maximum amount of a contaminant to allow
in food, legal and technical constraints on information
production, and the total budget and other tasks facing the
agency) and by characteristics of the regulatory problem
(including complexity, familiarity and urgency).25 Since
the agency is unable to "buy" perfect knowledge, strategies
are developed to deal with uncertainty and conflict. Strat-
egies for obtaining information on risks from food contami-
nants include using high-dosage animal tests to determine
toxicity, extrapolating results from animals to humans and
from high-dose to low-dose, and making assumptions about
human exposure. Strategies for dealing with benefits in-
clude assuming full compliance and ignoring changes in the
price of food (and of other inputs in the production of
food) due to impacts of the proposed regulation. Thus, reg-
ulators simplify their information search in order to make
it more manageable.

Fiorino and Metlay (1977) also hypothesize that agency
strategies for coping with uncertainty are a crucial aspect
of decision making. When uncertainty is present in a prob-

lem, standard operating procedures for dividing issues into

25Many of these variables are controlled by interested

parties, including the regulated firms and Congress.
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sets of simpler problems are developed. These strategies
tend to be cybernetic, with previous outcomes partially
determining current strategies. Sometimes these strategies
fail to ensure rational decision making under uncertainty:
major issues may not be noticed, the decision process may
not be sensitized to signs of failure, subjective judgments
may have unintended outcomes, there may be imprecision in
implementing desired solutions and standard operating proce-
dures may not be useful when a case-by-case approach is
needed.

Edmunds (1980) also stresses the need for agencies to
simplify problems to make them more manageable. He specif-
ically addresses the complexity and information overload
which accompany environmental policy decisions. One way in
which information is reduced to manageable levels is by
excluding consideration of some of the impacts of environ-
mental activity, or by "bounding the problem rationally.”
Thus, complex interrelationships are reduced to simpler
concepts which are comprehensible to humans. Furthermore,
regulatory agencies and decision making processes are
actually structured to deal with issues within the bounded
area of a problem, and to ignore issues outside of that
domain. Information search goes no further than the or-
ganization's boundaries. In the case of toxic substances,
where uncertainty is present in both problem definition and
solution, EPA definitely must limit the amount of informa-

tion obtained on interactions between chemicals and the
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ecological and economic systems. Congress has helped the
agency to some extent in this bounding process.

Sabatier (1978) provides a framework to conceptualize
the acquisition and provision of technical information in
regulatory decision making. He is essentially describing an
information market. Provision of information depends on
resources, characteristics of the problem, the 1legal and
political setting, and the expected reaction of decision
makers to the information. Acquisition of information
varies between agencies, within an agency, and between
branches of government. Between branches of government,
acquisition is affected by agency resources relative to
other branches, sources of legitimization of decisions,
agency mandates and court review of agency decisions. Dif-
ferences in acquisition of information within an agency can
be explained by the degree of risk from decision impacts,
the social class of affected groups, the degree of conflict
and the potential influence of the information on decisions.
Variance between agencies depends on personnel, the degree
of risk from decision impacts, the capacity and willingness
of agencies to deal with technical issues and the amount of

conflict in the political environment.?2®

Sabatier shows
that information search can be limited by many factors other

than the complexity of the problem.

261n the presence of conflict, agencies may seek in-

formation on political preferences rather than technical
information.
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In summary, the authors in this section suggest that
information acquisition is not simply a matter of deter-
mining what data are needed and then obtaining themn.
Information costs, complexity of the problem, and political,
legal, budgetary, technical and time constraints are just a
few of the factors which determine the search for and ac-
quisition of information.

The Use of Information. After information is acquired,

how do agencies use it in the decision making process? The
literature addressing this question is categorized according
to the way it answers the question.

Information leads to rational decisions. Neoclass-

ical welfare economics deserves mention under this category.
It is widely believed among economists that policy analysis
involves obtaining information on net benefits of alterna-
tive policies, and that once enough information is acquired
the only remaining task is to determine which policy alter-

27 This view assumes

native maximizes net social benefits.
that the goal of regulator is (or ought to be) to maximize
net social benefits, an assumption which has been discred-
ited by the theories of regulatory decision making presented

earlier in this chapter.

Information is used by conflicting interests to

influence decision makers. Several authors believe that

27Accordingly, much criticism from these economists
centers on the failure of regulators to obtain the "correct”
information and choose the most efficient solution.
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analysis is used by interested parties to influence decision
making. Johnson (1973) feels that information contained in
economic analysis is not used as much as information from
interested parties in making decisions. According to
Johnson, the Federal Communications Commission (and assumed-
ly, other regulatory bodies) sees itself as a quasi-judicial
body which gathers information from interested parties and
then makes decisions based on that information rather than
on formal economic analysis.

Randall Bartlett (1973) proposes that uncertainty in
decision making results in information subsidies to agencies
from interest groups and individuals who control access to
information. Shaffer (1979) also feels that parties who
control information are able to influence regulatory deci-
sion making, since they provide information on preferences
of various groups. Stigler and Peltzman both acknowledge
the potential use of information to influence decision mak-
ing by including lobbying and the mitigation of opposition
to a policy as variables in their theories.

Information legitimizes decisions. The idea that

information serves to legitimize previously-made agency
decisions is accepted by several theorists.

Majone (1979), in trying to persuade analysts to examine
the process by which decisions are made rather than the

outcomes, sees analysis as a legitimization of decisions:
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"Regulators have sought legitimacy for their decisions by
wrapping them in a cloak of scientific r:espectability."28

Kelman (1974) also thinks that information justifies,
rather than aids, decision making when he studies the risk-
based regulatory process of the Consumer Safety Product
Commission (CSPC). Regulators must make a value judgment
regarding safety (see Lowrance (1976)). One of the apparent
biases in CSPC is to at least partially decrease risk when a
product is investigated.

In order to cope with uncertainty, the CPSC has devel-
oped an information system to obtain data on injuries from
products and accompanying decision rules to determine which
products to regulate. Kelman suggests that the CPSC puts
energy and resources into the justification of product
investigation, the determination of the expected success of
the chosen policy (as opposed to all alternative policies)
and estimates of the worth of averted risks and the costs
associated with the chosen policy.

Finally, Andrews (1980) suggests that information is
obtained and documented in order to satisfy superiors within
an agency (or external reviewers, such as the Congress) and
to support previously-made decisions. Complex regulatory
decisions are too value-laden to be solved by information
alone. Andrews takes this idea a step further by hypothe-

sizing that information may actually result in worse

28Majone, p. 561.
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decisions by confusing affected parties and diverting
attention from crucial issues.

Information clarifies issues and potential solu-

tions. Another widely-held impression is that information
aids the decision maker in determining what the issues in a
regulatory problem are, and what the potential solutions to
the problem are.

Schwerin and Coyer (1979), like many other theorists,
recognize that regulatory decisions must be political
choices, but they attempt to show that the state of knowl-
edge and/or the amount of information in a particular policy
area affects the amounts of uncertainty and disagreement in
decision making, which in turn determine the outcomes of
decision rules based on voting, bargaining or hierarchy.

Knowledge is "paradigmatic" when there is a generally
accepted way of analyzing the problem and "preparadigmatic"
when there is no clear theoretical basis for analyzing the
problem. Schwerin and Coyer hypothesize that, given the
amount of information, paradigmatic knowledge narrows the
range of alternative solutions available to decision makers
since there is less uncertainty as to what the issues are
and how they can be solved. Decision outcomes are also
predicted based on the state of the knowledge, decision-
making rules and the power structure involved.

Maynard-Moody and McClintock (1981) feel that applied
policy research plays a large role in helping decision

makers grasp issues and limit possible solutions. Policy
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analysis provides general background information for prob-
lems rather than specific answers.

Multiple wuses of information. Many authors

acknowledge various uses of policy research without placing
special emphasis on any particular use. They generally
agree with the preceding authors on the nature of the uses
of information.

Paul Sabatier (1978) provides a framework for informa-
tion use along with the previously described framework on
information acquisition and provision. In this framework,
information is used to influence decision makers; to conform
with mandates, case law, ethics, standard operating proce-
dures and court review (i.e., to justify decisions); and to
facilitate long-term changes in agency perspective. There
are many determinants of how information is wused in
Sabatier's framework -- some include the resources of the
information source (credibility, communication skills,
power), the content of the information message, the
political context and the resources and perspective of
decision makers. An implication is that the greater the
degree of conflict in a regulatory issue the more informa-
tion is obtained (all other variables equal), but the less
influence it has on decision making.

A work similar in scope to Sabatier's is the article by
Peter H. Schuck (1979). Schuck outlines five general groups
of factors which may affect the implementation of a regula-

tory program. Information is only one of the five groups,
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implying that many other factors may determine decisions.
Those other factors include the structure of the regulated
parties, the nature of the regulatory objective, the en-
forceability of the regulation and the political support for
the regulation. Although Schuck does not specifically
predict the impact on regulation of the fifth group of
factors, supply of and demand for information, the implica-
tion is that information use in regulatory decision making
depends on the other groups of factors as well as on the
sources and availability of information, the quality of
information, the quantity of information and other deter-
minants of information supply and demand.

Finally, Park (1973) suggests several alternative uses
of information when he concludes that policy analysis does
not point to a clear decision. Information may be used by
conflicting interests to support their viewpoints, it may be
used by the agency and its supporters to justify previously-
made decisions, or it may provide regulators with a common
framework for discussing the policy issues of specific
problems.

Summary: The Nature and Use of Information in Regula-

tory Decision Making. The above theorists all agree that

there is much more to regulatory decision making than ob-
taining objective information to make economically efficient
decisions. Regulators have discretion in decision making:

thus, decision making is influenced by factors such as the
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goals of the agency and the power of other groups to influ-
ence the agency. Information may be used to justify deci-
sions, influence decision makers or clarify issues and
potential solutions, and this use is also affected by a
variety of variables. Which variables affect information
acquisition and use depends on the regulatory situation, so
it is necessary to attempt to describe which aspects of the
above theories apply to EPA in its regulation of pesticides.

EPA'S REGULATION OF PESTICIDES: DETERMINANTS OF
DECISION MAKING AND USES OF INFORMATION

The many uses of information in the regulatory process
were outlined in the last section. Information may be used
to identify the consequences of regulatory alternatives for
different groups. It may be used to clarify issues, pref-
erences and solutions. It may be used to justify regulatory
choices or to influence decision makers. But regardless of
how information is used, it can generally be said that
information is considered important in decision-making and
that information is often costly. These two characteristics
of information make it important and interesting to examine
the types and quality of information that EPA and other
participants get into the RPAR process.

The empirical work presented in Chapters 5 and 6 will
show the types and quality of information on the conse-
quences of pesticide use found in eight RPAR cases. The
data on quality of information, obtained from formal EPA

position documents, reflect how the RPAR participants in
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each of the eight cases allocated their limited resources in
order to get information into EPA's decision process. The
position documents also contain measures of explanatory
variables -- that is, variables suggested in theories of
regulatory decision making to explain the quality of EPA's
information.

Thus, the empirical findings will be examined to see
how well the theories of regulation explain the quality of
information in the RPAR cases. Virtually all of the
theories reviewed in this chapter lead to the prediction
that the pattern of information will be related to the
preferences and power of groups affected by the EPA's
decisions. But the two major theories -- vote-maximization
and budget-maximization -- yield somewhat different pre-
dictions about the relative influence of interest groups in
the regulatory process.

Theories which assume that EPA's goal is to maximize
votes or political support (or minimize conflict) suggest
that interest group power is strictly a function of size,
wealth and organization costs. As a result, costly infor-
mation which supports a group's position should be found
only if the group is large, wealthy and well-organized.
When information is too costly to obtain, EPA should make
assumptions which favor the most powerful groups. But
Peltzman points out that vote-maximizing agencies make some
concessions to groups that oppose powerful interests, so

there should be some information reflecting the opposition.
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However, the opposing information would not be expected to
appear if it was costly to provide. EPA would not go out of
its way to perform exposure studies or make assumptions
favoring the opposition.

What should be expected if EPA is a budget-maximizing
agency? Interest group power would be related to the degree
to which a group furthers EPA's budget-maximization goal, as
well as the group's size, wealth and organization costs.
Accordingly, less powerful groups could become more powerful
if they were EPA allies, and stronger groups could be weak-
ened if they did not help to expand EPA's regulatory
authority. The latter groups could expect challenges to
their information from EPA. Agency assumptions should favor
agency growth, even if the assumptions were challenged by
powerful (but anti-EPA) groups. In addition, EPA could be
expected to expend resources on information increasing its
authority, and it could force powerful groups to obtain pro-
EPA information (or make it more costly for them to provide
anti-EPA information).

The ability of the vote-maximizing and budget-maximizing
theories to explain the empirical results will be analyzed

in Chapter 7.



CHAPTER 3
CONCEPTUALIZING THE IMPACTS OF PESTICIDE USE
INTRODUCTION
The objective of this chapter is to conceptualize the
risks and benefits of pesticide use, and to point out the
difficulties and value judgments inherent in conceptualizing
these impacts. Such a conceptualization provides a base-
line with which to compare EPA's assessment of impacts for
various uses of different pesticides, in terms of both
excluded impacts and the quality of information obtained for

included impacts.

OVERVIEW OF EPA'S ANALYSIS OF PESTICIDES
EPA, in analyzing the impacts of pesticide use, adopts a
risk-benefit framework based on modern toxicological princi-
ples and neo-classical welfare economics. EPA focuses on
the risks and benefits of pesticide use rather than pest-

icide regulation or pesticide manufacture and use. It is

difficult to determine all of the impacts of pesticide use,
but the choice of a framework provides some direction with
regard to the identification of impacts. The decision to
focus on pesticide use narrows the scope of EPA's analysis,

but it also reduces the emphasis on the impacts associated

-66-
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with various regulatory alternatives. In pesticide regula-
tion, EPA does consider the impacts of alternative regula-
tory options, but in an incremental manner that is very much
dependent on the analysis of pesticide use impacts. Final-
ly, the emphasis on use enables (even assures) EPA to ignore
the regulatory impacts on manufacturers, formulators, and
marketers of pesticide chemicals; the effects of compliance
costs and non-compliance with regulatory decisions on reg-
ulatory outcomes; and the effects of other costs of regula-
tion on society.

The outcome of these problem-reducing techniques is that
some impacts of pesticide use and regulation are not con-
sidered, so the interests of some affected parties are not
considered in the regulatory process. This is not complete-
ly true of manufacturers, although the impacts on pesticide
producers are not explicitly considered in EPA's risk-
benefit analysis, because manufacturers are able to make
themselves heard in the rebuttal phase and at other points
in the RPAR process (including the assessment of benefits).
Although the process is supposedly open to all interested
parties, other groups with a stake in the outcome often do
not participate, perhaps due to high transactions costs or
low per capita benefits. Such groups may include formula-
tors of the pesticide, marketers of both the pesticide and
the goods for which the pesticide is an input, some users of
the pesticide and certain risk-bearers (although the EPA and
the Environmental Defense Fund play the role of political

entrepreneur in some cases).
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PROBLEMS IN CONCEPTUALIZING RISKS AND BENEFITS

The difficulties in conceptualizing the impacts of an
action fall into two general categories -- information
overload and the need for value judgments. Information
overload refers to the overwhelming number and complexity of
interrelationships in the system under analysis, and the
need for value judgments results from the aggregation of
welfare measures across individuals in policy analysis
techniques.

The Amount of Information and Difficulties in Tracing

Impacts. Many policy analysis textbooks tend to overshadow
problems in conceptualizing impacts while focusing on
measurement problems. The implication is that quantitative
description of impacts is an objective process totally
dependent for its accuracy on the resources and skills of
the analyst (see, for example, Anderson and Settle (1979)).
However, given the complexity of social, economic and
ecological systems, there is a problem of information over-
load in attempting to determine the impacts of an action
(Edmunds, 1982), much less the direction of the impacts.
For that reason, a benefit-cost or risk-benefit analysis
must be limited in scope. The impression from reading the
public documents from the EPA's regulatory actions on pest-
icides is that an incremental approach is adopted: current
risk-benefit analyses tend to be similar in structure and

scope (i.e., impacts examined) to past analyses. Thus, one
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criterion for limiting the impacts identified in an analysis
(aside from limits already imposed by the choice of a frame-
work of analysis and the focus on pesticide use) may be
whether or not the impacts have been studied in past anal-
yses. Other criteria may include choosing the most impor-
tant impacts for study in terms of dollars of benefits or
lives at risk, choosing the most obvious impacts for study,
or choosing those impacts which are the focus of the most

public input or controversy.

Value Judgments in Risk-Benefit Analysis. Some skeptics\\\
N

of policy analysis seem to feel that there is a way to make
risk-benefit or cost-benefit analysis objective, but that we
lack the technology, resources or expertise to accomplish
this objectivity (Hapgood (1979), Anderson and Settle
(1978)). However, others see policy analysis as being
comprised of value-laden elements which can never be avoided
and which are best dealt with in the open.

Scientists have noticed the value judgments inherent in
risk-benefit analysis, probably because they are often

requested to determine the acceptability of the risk of

certain actions. Lowrance (1980) points out that there aréL/#/L,w,

two components of a risk analysis: measuring risk (which

\

can theoretically be done in an objective manner) and judg-

ing the_acceptability of risk (which is always a value
‘/-'—”"' e T e e e e e

judgment). Wessel (1980) also describes value judgments in

——

risk-benefit analysis -- he notes that although science

itself is valueless, the use of science involves values.

i
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Other scientists continuing this theme include Gusman (1980)
and Sieck (1980).

Economists have also noted tﬁe value judgments in policy
analysis, especially 1in trying to aggregate individual
welfare into societal welfare. Assumptions must be made
regarding the marginal utility of a unit of income or wealth
to individuals at different points in the societal income
distribution, and about the ability to develop a single
social welfare function. Most economists feel that these
problems can either be solved or are not serious enough to

hinder the practice of policy analysis. The usual method of

aggregating individua1<welfare is to adopt the Hicks-Kaldor
criterion of potential Pareto-optimality. This criterion
assumes that the marginal utility of money or wealth is
equal for all individuals regardless of income, and that
costs and benefits can be summed across individuals to
obtain a net benefit calculation for society. The value-
laden rationale for this economic efficiency calculation of
social welfare is that an action is good for society if
those who benefit from the action would be able to compen-—
sate the losers and still have some benefits left over.
Thus, it assumes that efficiency is the primary goal of
public policy.

In literature which is mostly theoretical, economists
have suggested ways of designing a social welfare function
incorporating more than economic efficiency. Haveman and

Weisbrod (1977) suggest attaching weights to different
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benefits and costs to incorporate equity in calculations of
net benefits. Many others, including Steiner (1977) and
Freeman (1977), suggest the possibilit§ of obtaining soci-
etal welfare functions.

Others reject the view of a social welfare function.
Schmid (1979) believes that a social welfare function can
never be objectively determined, and it is not the analyst's
place to make the necessary value judgments in an attempt to
do so. Such value judgments are questions of public choice,
and as such belong in the political process rather than
buried in a benefit-cost analysis.29

Schmid also points out some of the more subtle value
judgments involved in policy analysis. The choice of im-
pacts to be examined in an analysis involves decisions on
which are to be included and how they are to be categorized.
These choices affect the issues addressed, measurements of
costs and benefits, and solutions to the problems. Schmid
also articulates a point that is rarely noticed by policy
analysts and welfare economists -- in order to calculate
costs and benefits, one must assume a particular distribu-
tion of property rights. 1In order for a policy to result in
the accrual of benefits to certain individuals, those in-
dividuals must be endowed with an initial set of rights and
the rights to possess the benefits. Likewise, a cost to an

individual is a cost only if the rights of others allow them

29For a similar viewpoint, see Hanke and Walkey (1977).
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to impose costs on that individual. In other words, bene-
fits and costs are defined by a system of rights. Analysts
generally assume the status quo distribution of rights in
assessing the impacts of a policy, but this is a value
judgment which implies that the current set of rights is the
best set of rights. If the desire of policymakers is to
change the system of rights, then analyzing the economic
efficiency of a policy is not terribly relevant, especially
given that the new set of rights will probably result in a
different efficient solution than the current set of rights

(which is used in the analysis).3o

CONCEPTUALIZING THE IMPACTS OF PESTICIDE USE

In the last section, the choices involved in concep-
tualizing the impacts of an action were outlined. In this
section, those choices must be made in order to conceptual-
ize the benefits and risks of pesticide use. The choices
made will be the same choices that EPA makes, for the objec-
tive is to measure the quality of EPA's information against
some standard:; it is the standard that is to be developed

here.

3OA widely quoted "axiom" of the new welfare economics,

known as the Coase Rule, postulates that ownership of re-
sources (as determined by property rights) has no effect on
resource allocation, given no transactions costs in oper-
ating in the market. However, Schmid (1978) points out that
the Coase Rule only holds true if the change in rights does
not affect real income of the rights-holders, transactions
costs are zero, resources are perfectly mobile and the
rights of other parties are not affected by the exchange
between two parties. The result is that the Coase Rule is
not widely applicable.
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One choice has already been made -- to consider impacts
from the viewpoint of pesticide use (versus pesticide regu-
lation, pesticide manufacture, etc.). Some of the reasons
for EPA's choice of this viewpoint were previously dis-
cussed. The result of the decision is that some impacts are
excluded from consideration.

Another decision 1is made regarding the analytical
method, with contingent value judgments, to be used. The
EPA has chosen risk-benefit analysis as its method for
assessing impacts. There is an implicit assumption of a set
of property rights to be used as a basis for determining
costs and benefits; specifically, the status quo distribu-
tion of rights. EPA is also assuming that benefits and
risks can be aggregated across individuals. Finally, the
choice of risk-benefit analysis as a methodology for deter-
mining impacts means that health risks are compared to bene-

fits net of all other costs, rather than total benefits

compared to total costs.

After choosing the method of analysis, EPA must classify
risks and benefits into operational categories, decide how
extensively to measure impacts, and choose methods of
measurement. All of these decisions require value judg-
ments, as does the final regulatory decision.

Since the empirical work in this research is intended to

describe and explain the quality of information obtained for

o
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various impacts of pesticide use, some of EPA's value judg-
ments will be adopted in the following specification of im-
pacts in order to facilitate comparison and develop depen-
dent variables.

Risk Measurement. Lowrance (1980) divides risk analysis

into two separate subprocesses -- the measurement of risk
(which can be objective) and an evaluation of the safety of
the risk (which is subjective). For the purposes of this
research, greater emphasis is placed on EPA's measurement of
risk than on the judgment of the acceptability of that risk.

Toxicity. Toxicity of a pesticide to human or

nonhuman organisms refers to the disease- or injury-causing
capability of the pesticide. Ideally, scientists would like
to establish a dose-response curve for each affected organ-
ism which would describe the correlation between different
levels of exposure to a chemical and the incidence of dis-
ease. However, due to limited resources and technological
constraints, scientists must make do with group dose-
response data from nonhuman organisms which are often based
on high-dosage experiments. Therefore, estimates for humans
usually are extrapolated from rodents or other test animals
to humans and from high doses to lower doses. On the rare
occasions when human exposure data is available (e.g., as a
result of known accidental exposure), there 1is generally
only one dosage level which is sometimes unknown. In such
instances, the most that scientists can objectively discern

is that exposure to a particular compound is or is not
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associated with an increased occurrence of disease. Some-—
times data are not even available for test animals; in these
cases, EPA must rely on more economical cellular tests, data
for compounds with similar chemical structures and other
less desirable methods of estimated toxicity.

Environmental Fate. A very complex aspect of

pesticide risk is the environmental fate of a pesticide.
Environmental fate generally refers to where and how long a
pesticide persists in an environment. This depends on a
myriad of chemical and physical processes that a pesticide
is exposed to after it is introduced into the environment.
Ideally, EPA would have a reliable model to determine
environmental fate for all of the possible use conditions of
a pesticide. Obviously, if a pesticide dissipates or
degrades rapidly, exposure will be lessened and so will
risk.

EPA's difficulties in measuring environmental fate arise
from the difficulties in conceptualizing and measuring the
many possible mechanisms for pesticide degradation. These
mechanisms include: photolysis, hydrolysis, oxidation,
drift, and runoff. The degree to which any of these or
other processes occur depends on field conditions, climate,
application methods, pesticide characteristics, and other
criteria. Data for all of these criteria are difficult, if
not impossible, to obtain. Just conceptualizing the phys-—
ical and chemical processes to which a pesticide will be

exposed is a major challenge.
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Exposure. A third major component of risk measure-—
ment is the determination of levels of exposure of individ-
uals coming into contact with a pesticide. First, the
various groups exposed to the pesticide must be identified.
Then, the exposure of the individuals in these groups to the
pesticide via various routes (ingestion, inhalation, dermal
absorption) must somehow be estimated. Figure 3.1 lists
some of the groups that may be exposed to a given pesticide

and the potential routes of exposure.

7

Group Potential Route of Exposure
Mixers and Loaders Dermal Absorption
and Aerial Ground Inhalation of Spray
Crews Ingestion of Food Residues
Aerial and Ground Dermal Absorption
Applicators Inhalation of Spray

Ingestion of Food Residues

Persons Exposed to Dermal Absorption
Spray Drift Inhalation of Spray

Ingestion of Food Residues

Farmworkers Dermal Absorption
Inhalation of Spray
Ingestion of Food Residues

Consumers of Contaminated Ingestion of Food Residues
Food

Persons Exposed Via Dermal Absoption

Accidents Inhalation of Spray

Ingestion of Food Residues

Figure 3.1 - Groups and Routes of Pesticide Exposure
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Exposure would ideally be measured for each individual
under various conditions, but this is beyond EPA's means.
In descending order of accuracy, other methods of estimating
exposure would include estimating average exposure for
subgroups within a larger group (e.g., female applicators,
infant consumers), estimating average exposure under "nor-
mal" conditions for a random sample of individuals in a
group, estimating average exposure for a non-random sample
under experimentally-imposed conditions, using exposure data
from similar pesticides, and guessing or assuming levels of
exposure. All of these methods have been used by EPA in
pesticide risk analyses.

For exposure to be meaningful across groups, it must be
put into common units of measurement. For example, the
average U.S. consumer may ingest 50 milligrams of endrin per
year throughout his or her lifespan while the average appli-
cator is dermally exposed to 500 milligrams per year for
forty years, ten percent of which is absorbed through the
skin. In order to compare the two types of exposure, the
estimates are recalculated in terms of average body weight
and a particular period of time. Therefore, the final
estimate would be expressed as milligrams of pesticide per

kilogram of body weight per year.
N

The risk analysis. 1In order to estimate the prob-"\

ability of disease, or risk, the EPA needs to bring the

estimates of toxicity together with the estimates of en- /

(

vironmental fate and exposure. When animal data are used\\

kY

i
/
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instead of human data for estimating human exposure, the
data must be extrapolated. Often, EPA assumes that the same /
relationships between dose and response hold for humans as f

for the test animals. 1In addition, extrapolation from high f

dose to low dose must be accomplished if the test animals
were exposed to higher dosages than humans. There are a
number of mathematical models for accomplishing this; EPA
generally chooses the linear or one-hit model, which is

based on the assumption that the smallest doses of a chemi-

e e 2

cal result in some increased probability of disease. Other

models, such as probit and logit models, predict less risk

—~—
-

at lower levels of exposure. (See Figure 3.2 for a compari-
son of the models.)

EPA always multiplies the exposure estimates by a "mar- .
gin of safety," allegedly to insure that potential errors in'/////
extrapolation leading to low risk estimates are corrected
for and to provide for sensitive members of a population.

The effect of a margin of safety is to overstate the risk
estimate relative to a risk estimate calculated without the
margin of safety. There is no generally-accepted margin of
safety. EPA used a margin of safety of 100 for seven of the~/////
eight pesticides studied in this research, and used a margin
of safety of 500 for the remaining pesticide, Endrin. In
the case of Endrin, the margin of safety of 500 allowed a
definitive finding of human risk based on animal test re-

sults. However, EPA was able to provide sketchy evidence

suggesting that humans are more sensitive to Endrin than
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Model Relationship of Relative Prediction of Risk
Dose to Risk At Low Levels of Exposure

Probit1 Normal Low Risk

Logit2 Logarithmic Medium Risk

One—-hit3 Linear High Risk

Source: Compiled by author from information in Epp, et al
(1977).

1The probit model is based on the assumption that dif-

ferent individuals' sensitivities to disease-causing chemi-
cals can be described with a bell-shaped or normal curve.
2Logit models assume that there are a given number of

sites available for chemical bonding; when those sites are

filled the risk curve levels off, resulting in logarithmic
curves.

3The one-hit model assumes that a single exposure could

cause disease and that there is a linear relationship be-
tween dose and response.

Figure 3.2 - Mathematical Models to Determine Risk

other mammals as a justification for the larger margin of
safety.

Carcinogenic risk is generally reported in probabilistic
terms, since it represents the probability of a particular
level Of exposure resulting in illness or death. This
probability is based on the results of chemical exposure to
samples of test animals, and so reflects probabilities for
groups of individuals rather than specific individuals.

Teratogenic and fetotoxic risk is often reported as a
margin of safety rather than in probabilistic terms. Margin
of safety is estimated by dividing human exposure into the

lowest test animal exposure which produced a significant
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number of birth defects or fetal deaths or into the highest
no effect level of exposure to test animals. A value judg-
ment then has to be made on whether the estimated margin of
safety is adequate or safe; for seven of the eight case
study pesticides, a figure of less than 100 is considered
representative of substantial risk, and for Endrin anything
below 500 was considered unacceptable.

The Measurement of Benefits. The concept of the bene-

fits of pesticide use in risk-benefit analysis is far
broader than the concept of benefits in cost-benefit anal-
ysis. Figure 3.3 compares the two different concepts.
Essentially, benefits in risk-benefit analysis are really
net benefits, including costs other than the risk of injury
or death. 1In benefit-cost analysis, gross benefits are
compared with costs. To facilitate discussion, benefits
will hereafter be referred to as net benefits.

Theoretical discussion of the net benefits of pes-

ticide use. Principles from benefit-cost analysis provide a
framework for examining the net benefits of pesticide use.
Net benefits can be discussed in terms of real net benefits,
which represent true net gains to society, and pecuniary net
benefits, which are redistributions of resources between
individuals which result in no net gains to society.

Real impacts. Real impacts or net benefits can

more specifically be described as the net benefits to
society of using the pesticide over the next best pest

control method. These real net benefits take the form of
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changes in output, quality, and/or production costs of the
final product for which the pesticide is an input. Some
real net benefits of pesticide use are not normally captured
in the market for the output: these benefits might include
improved health and safety resulting from better nutrition
(due to less expensive food), fewer automobile accidents
from view obstruction as a result of herbicide use, the
avoidance of costs of transferring resources in the event of
pesticide restriction, and the avoidance of regulatory
costs.

The value in a competitive market of increased output or
quality of a product that is attributable to the use of a
pesticide can be measured by the willingness of society to
pay for the increased output or quality. Assuming that the
pesticide increases output or quality, Figure 3.4 illus-
trates the willingness of society to pay as being equal to A
+ B + C. That area is equal to the product of the change in
quantity or quality and the new market price, plus the value
of the E?nsumers' surplus associated with the new produc-
tion.

The decrease in production costs can also be depicted
graphically, by D + E = C in Figure 3.5. The area describ-
ing the reduction in total costs is equal to the reduced
costs resulting from a decrease in production without the
pesticide (D + E), less the increased costs incurred in
producing the additional output (C). Figure 3.5 is based on
the assumption that production costs would fall; in reality,

e —————

total costs could increase with the use of the pesticide.
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p]y‘with Alternative

4/////fggply with Pesticide

Demand

Q Qp Quantity of Good

Figure 3.4 - Value of Increased Quantity or Quality of

Price
per
Unit of
Good

Output ‘

upply with Alternative

with Pesticide

Suppl

A O Quantity of Good

Figure 3.5 - Value of Reduced Production Costs
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Since the value of increased output and decreased pro-
duction costs is negotiated in the marketplace for the pest
control inputs and the product, EPA may be able to obtain
data on supply, demand and prices, although such data may
not be easy to obtain. The market provides key information
on real impacts. Input markets may also provide information
on other real net benefits of pesticide use. Restriction or
cancellation of pesticides would change the relative price
structure and productivity of inputs which are substitutes
for or complements to pesticides. Although the price
changes themselves are pecuniary impacts (see discussion on
pecuniary impacts below), the avoidance of any capital
losses to input users, unemployment or underemployment of
resources (due to immobility, noncompetitive labor markets,
etc.) and any other costs of transferring resources in the
event of pesticide cancellation in order to re-employ them
are real net benefits of pesticide use. 1In the same manner,
the avoidance of the real costs incurred in regulating the
pesticide via the RPAR process also could be classified as
real net benefits.

Also included under real net benefits, as the term is
used in risk-benefit analysis, would be "non-risk" costs of
pesticide use. The costs of purchasing and applying the
pesticide are already included under changes in production
costs. In addition, there may be increases in the costs of
related production processes due to acute or chronic toxic-

ity, phytotoxicity, air or water pollution, or soil erosion.
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Some of the products for which production costs may increase
include 1livestock, crops, recreation and fish. Finally,
there are the environmental impacts other than those affect-—
ing human health and production processes, including the
loss in value of environmental amenities resulting from
death or injury of wildlife or environmental pollution.

Pecuniary impacts. Pecuniary impacts refer to

those impacts which are transfers of income, wealth or util-—
ity between individuals or groups rather than net societal
increases or decreases in income, wealth or utility. Exam-—
ples of pecuniary impacts that may result from pesticide use
include:

1. Decreases in output prices to producers who don't
use the pesticide and to producers of substitute products,
offset by savings to consumers.

2. Impacts on input markets (e.g., changes in relative
prices) other than transfer costs, offset by impacts on
buyers of inputs.

3. Impacts on markets for insurance and health care
due to more or less illness, offset by impacts on consumers
of those services.

Other examples of pecuniary impacts could be found,
depending on the specific pesticide and its circumstances of
use.

Distribution of impacts. The benefits and risks of

pesticide use are distributed among many participants in and
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out of the marketplace. Voluntary risk (e.g., risk to pest-
icide applicators) may be better known to the risk-bearer,
and thus may be borne in part by the risk-imposer in finan-
cial terms and by the risk-bearer in health and financial
terms. If risk is involuntary and unknown, then the risk-
bearers will probably be faced with all of the risk. Risk
distributed among the risk-bearers may also be partly passed
on to employers in the form of lower productivity, and to
families and friends in the form of suffering, reduced
longevity, etc.

Real net benefits are also distributed among various
parties. The changes in value of production and production
costs are enjoyed by producers who use the pesticide, pro-
ducers who don't use the pesticide (who actually may suffer
a decline in income if product prices fall) and consumers of
the product. Improved safety and nutrition are enjoyed by
the general public and are evidenced by improved health and
productivity, although health care industries may experience
reduced revenues. The avoidance of capital losses and
transfer costs is of benefit to the owners of inputs and
users of inputs, and probably consumers of the final product
of those inputs. Taxpayers and regulated firms profit from
the avoidance of regulatory costs. When the costs of re-
lated production processes increase due to pesticide
toxicity, producers and consumers of those goods generally
bear those costs. Finally, environmentalists and related

groups suffer from environmental impacts of pesticide use.
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The distribution of pecuniary impacts depends on the
impact in question. As already mentioned, competitive
market producers who don't use a pesticide benefit if the
price of the product increases and pay if it falls (at least
in terms of returns per unit). This is a pecuniary impact,
as it is offset by prices paid by consumers. These same
effects hold true for producers of substitutes for the final
product. Producers of complementary products observe the
opposite impacts: they benefit if the product price falls
and pay if it increases. Market prices for other products,
such as insurance and health care, may be affected by pest-
icide use and are distributed among the producers and the
consumers of the product. Non-transfer cost impacts on
owners of inputs, such as changes in relative and/or abso-
lute prices of inputs, are offset by impacts on input buyers
and ultimately on consumers of the product for which the
inputs are used. Other pecuniary impacts are distributed
similarly.

Impacts may be distributed disproportionately on a
geographic basis, as well as among groups. Individuals in a
particular region of the country may use more of a pest-
icide, consume greater amounts of pesticide residue, or own
resources with less mobility. 1In addition, if pesticide use
has macroeconomic implications, other individuals may be
affected in different ways than outlined above. It is
conceivable that the use of pesticides could have such a

profound effect on the production of much of the nation's
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supply of a given commodity that employment, price levels,
balance of payments, and other macroeconomic variables would
change. Finally, the relationship of the economic system to
political and social variables may result in societal

changes.

PROBLEMS IN MEASURING IMPACTS

A conceptualization of the impacts of pesticide use was
accomplished in the previous discussion and is summarized in
Figure 3.6. The first section of this chapter pointed out
some of the many difficulties in conceptualizing impacts.
There are additional problems involved in measuring impacts
once they have been conceptualized.

Risk is difficult to measure due to a lack of informa-
tion on the response of humans to various doses and on human
exposure to the pesticide. Extrapolation from high dose to
low dose, from nonhumans to humans, and from a test system
to actual environmental conditions is necessary in order to
estimate risk. In addition, some method of estimating human
exposure must be devised. 1In some instances, technology is
not available for accurate measurement: in other cases,
accurate measurement is too costly to perform. The result
is that EPA either omits the information on risk from the
regulatory decision or implements lower cost and technolog-
ically feasible strategies for developing dose response and

exposure data. These strategies are discussed in Chapter 5.
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Exposure to affected groups via various routes.

Toxi

city of chemical.

Risk analysis.
Distribution among risk bearers, risk imposers,
others.

II. Net Benefits

A.

Real

9.

Pecu

Dist

1.
2.
3.
4.

Value of increased output of product.

Value of increased quality of output.
Decreases in costs of production of original
output.

Costs of producing new output.

Improved health and safety resulting from
better nutrition, fewer automobile accidents,
etc.

Avoidance of: Capital losses to users of in-
puts, unemployment, or other costs of trans-
ferring resources.

Avoidance of costs of regulating pesticide.
Increases 1in costs of related production
processes.

Environmental impacts other than risk and
production process impacts.
niary

Changes in output prices to non-using pro-
ducers.

Impacts on input markets.

Other.
ribution of Benefits

Among groups.

Geographic.

Macroeconomic benefits.
Social/Political benefits.

Figure 3.6 - Summary of Conceptualization of Benefits and

Risks
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The measurement of net real benefits can also present
problems for regulators. At best, information on changes in(////’
yield due to pesticide use are obtained from agricultural
test plots. These sample plots may not coincide with actual
environmental conditions in which crops are grown. It also
may be difficult to obtain pesticide price and use data, im-
pacts of quantity changes on product price, impacts of pest- -
icide use on other inputs in the production process, etc.
Net real benefits not accounted for in market prices are
even more difficult to quantify, as are net real benefits
accruing to groups other than the users of the pesticide and
pecuniary impacts. The problem in measuring net benefits is
considered by most economists to be one of costs rather than
one of technology. As a result of limited budgets, EPA must
again develop strategies for incorporating information on
net real benefits in risk-benefit analyses. Some of these
strategies are presented in Chapter 5.

Finally, distributions of impacts are difficult and
costly to measure. Determining who gets what share of real
and pecuniary impacts demands a knowledge of the general
equilibrium nature of the economic system -- knowledge which

is complex and expensive.



CHAPTER 4

METHODOLOGY

INTRODUCTION
The next step in the research, after examining theoreti-
cal literature on regulatory decision making and the risks
and benefits of pesticide use, was to attempt to empirically
describe the quality of information obtained by the EPA and
to use measures of some of the variables suggested by the
regulatory decision making literature to explain the quality
of information. This chapter describes the choice of a data
base, the measurement of explanatory variables, the measure-
ment of dependent variables, and the measurement of correla-

tion between the explanatory and dependent variables.

CHOICE OF DATA BASE

The decision was made to use case studies as the source
of data on explanatory and dependent variables. It was felt
that case studies would best describe the quality of infor-
mation used by EPA in pesticide decision making. Using case
studies from the same agency and governed by the same stat-
ute most 1likely eliminated some of the variation between
cases, thus providing more certainty in the empirical re-

sults. Lave, in The Strategy of Social Regulation, conducts

an analysis of regulatory processes with case studies. In

-9]1-
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the words of Crandall and Lave, "It is ironic that the
evidence for the enhanced role of scientific data and
analysis is a set of case studies -- soft, impressionistic
material -- which is being used to suggest the value of hard
analysis! But we know of no better way to illuminate the
role of scientific evidence in the world of regula-
t:ion."31

The cases chosen for study were the eight pesticides for
which the RPAR process had been completed when the empirical
work began in March of 1982: Chlorobenzilate, DBCP, Prona-
mide, Amitraz, 2,4,5-T, Silvex, Endrin and Dimethoate.32

There was also some discretion as to where to obtain the
data for each case pesticide. The decision was to use the
sets of printed public position documents generated as an
output of the RPAR process. There is justification for the
use of so-called "paper trails™ in previous research.

33 explain that different types

Maynard-Moody and McClintock
of research should be used when analyzing different regula-
tory processes. They cite two variables, “outcome
standards®™ and “causal understanding," that should be used
to evaluate a regulatory process to determine how to conduct

research of that process. In organizations theory, outcome

standards refer to agency goals and causal understanding

31Lester Lave, The Strategy of Social Regulation (Washing-
ton, D.C.: The Brookings Institution, 1981), p. 16.

32Since that time, 10 additional RPARs have been completed.

33Maynard-Moody and McClintock, pp. 644-666.
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refers to the relationships between agency actions and
results. If both are ambiguous, as one could definitely
argue in the EPA's regulation of pesticides, then re-
searchers need a methodology that does not assume rigid
agency goals. The authors' suggestions? Case studies,
among other things, and qualitative measurement that relies
on observations, paper trails, and enabling 1legislation.
"Where quantitative measurement is used," they write on page
651, "its purpose is to illuminate patterns of behavior in
the program.®™ The authors acknowledge that "By relying
solely on reports, judgments about the evaluations were
based only on written comments, and there may be differences
between what actually happened and what was reported. It is
possible that insights and problems that were important ...
were not described. Nevertheless published reports are an
accessible source of information that reflect, however
imperfectly, the issues discussed."™ The authors' main point
is that carefully designed studies of the "efficiency” of a
regulatory process are not relevant when it is not even
clear what the agency goals are.

Many other researchers have used paper trails in studies
of agency decisions. The studies are often descriptive in
nature; the researchers generally acknowledge that paper
trails may constitute an incomplete picture of the regula-
tory process, but it is felt that the documents could

improve understanding of the process.
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The position documents describe information sources and
measures of explanatory variables in a relatively consistent
manner between pesticides (as well as between uses of a
single pesticide), which made them ideal for comparison.
They are also interesting from the standpoint of analyzing
EPA's public record.

There is justification for using other sources of data,
especially interviews with EPA officials and/or interest
group representatives. Such interviews would have reflected

participants' perceptions of the quality of EPA's informa-

tion (which might not have always been accurate), as well as
allowing the researcher to obtain more details on the EPA's
data sources. However, time and financial constraints did

not allow the exercise of this option.

MEASURING EXPLANATORY VARIABLES

Which Variables? The literature on regulatory decision

making described in Chapter 2 pointed to a variety of vari-
ables that might explain decision making. It was decided to
investigate the explanatory power of variables reflecting
the incentives and power of different interest groups over
the information-gathering portion of the decision making
process.

Three major groups stand out as having a stake in pesti-

cide decision outcomes: pesticide manufacturers, pesticide
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users, and risk-bearers. The principles of the Peltzman-
type theories suggest that pesticide manufacturers might be
able to influence the regulatory process because the major
manufacturers are relatively few in number (thus reducing
organization costs) and in many cases the stakes appear to
be rather high due to the sale of large quantities of a
pesticide by individual corporations.

Pesticide users are usually more dispersed in terms of
numbers and distribution of impacts, although there are
incidents of oligopoly (such as strawberry nursery stock
growers in Delaware and Maryland, and pineapple growers in
Hawaii).

Risk-bearers are likely to be even more dispersed.
There is no formal organization to express the views of the
millions of people consuming food with pesticide residues:
there is not even a vocal organization for workers exposed
to harmful pesticides. Furthermore, the risks are not at
all well known to exposed sectors of the population and it
is not apparent what they could do if they decided that the
risk of being exposed exceeded the benefits.

To reflect the power of these interest groups over the
decision making process, the following explanatory variables
were chosen.

1) The stake of pesticide manufacturers in the outcome

of the regulatory process, measured by the product
of the retail price per unit of the pesticide and

the units of pesticide used for a particular crop.
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Thus, the researcher attempted to measure this
variable for each use of each pesticide (86 uses in
all). This measure was intended to proxy the
relative value of different uses of a pesticide to
the manufacturer. It is hypothesized that greater
value of a pesticide use to manufacturers leads to
more and better information on that use.

The stake of pesticide users (producers) in the
outcome of the regulatory process, measured two
ways: by the annual per acre user losses from
pesticide cancellation for each use and by the
annual total user losses from pesticide cancella-
tion for each use. Again, this variable was
measured for as many of the 86 uses as possible.
It is hypothesized that a greater economic stake to
producers leads to more and better information.

The percentage of total acres of a crop treated
with the pesticide was also used as a measure of an
explanatory variable. The measure was intended to
proxy the number of users affected for each pesti-
cide use. Stigler and Peltzman hypothesized that
the more users, the greater the difficulty in
organizing the political interest group.

But growers often have already-organized user
groups, including the USDA, to represent them in

the political process. Therefore, the hypothesis
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tested was that a larger percentage of the partic-
ular crop or use would result in better information
because it would serve as a larger incentive for
user groups to become involved. This hypothesis is
not necessarily restricted to information on bene—
fits. A similar argument can be made for risk
information, since widespread use may spring risk-—
bearers' groups into action. In addition, risk-
bearers may react to better information from users
with increased information of their own.

The amount of risk is hypothesized to be positively
related to the quality of information. However,
this hypothesis is very difficult to measure for a
particular use of a pesticide, or even between uses
of a pesticide, because risk is usually constant
per unit of exposure for a pesticide, and data on
exposure and number of exposed persons are poor.
Instead, the decision was made to use risk to

predict the quality of information between the

different pesticides. So, unlike the other ex-

planatory variables, this variable was measured for
each of the 8 pesticides rather than for each of
the 86 uses. EPA's own ranking of the RPAR pesti-
cides was used to measure risk, particularly in
light of the following comment by Edwin Johnson,

Director of EPA's Office of Pesticide Programs:
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"Pesticide law requires that both risks
and benefits be considered in all deci-
sions. But risk drives the process in
terms of depth of analysis and allocation

of agency resources. The greater the

apparent or potential for risk, the more

in-depth the analysis of both risks and

benefits, the more resources devoted to

the evaluation, and the greater the de-

gree of public involvement and scrutiny

accorded the decision.” (Emphasis
34

added).
So according to the people who make the decisions,
more and better information is gathered for pesti-
cides with greater actual or perceived risk. In
addition, the public (interest groups?) becomes
more involved when there is a higher degree of
actual or perceived risk.

How Measured? As mentioned previously, the EPA's pub-

lished position documents served as the data base for the
eight case study pesticides. The data for the explanatory
variables did not always just "fall out"™ of the position
documents. Rather, measures for the variables often had to

be calculated.

34Edwin L. Johnson, "Risk Assessment in an Administrative
Agency." The American Statistician 36, no. 3, part 2
(August 1982): p. 233.
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Value of pesticide use to manufacturers. The

measure used to proxy the value of a pesticide use to the
manufacturer was the quantity of pesticide used times the
pesticide's retail price per unit. This measure was used
purely for ranking the pesticide uses; it was assumed that
the ratio of wholesale price to retail price is relatively
constant between uses of a pesticide and that manufacturer
costs per unit of the pesticide are constant for all uses.
If these assumptions are correct, then the data provides an
accurate picture of the relative economic importance of the
different uses of the pesticide to manufacturers.

The time period chosen for measuring the quantity of
pesticide used was one year. This caused some problems in
the case of DBCP, because this nematocide is often applied
on a three-year cycle. For those uses, the quantity was
determined as the one-year average. In addition, amounts of
pesticide wused were sSometimes described as "minor,"
"little," or "negligible."™ 1In such instances, the pesticide
use was assigned an annual value to manufacturer of 100,
which placed that use below the uses for which the values
were calculated. Position documents 2/3 and supplementary
benefits analyses were the sources of this data.

Retail prices for the pesticides were fairly easily
found in the position documents 2/3. Occasionally, dif-
ferent forms of the pesticide were used for different uses,

so there was more than one price for the pesticide.
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Table 4.1 shows the value of uses of DBCP to manufactur-
ers, as an example. Data for the other pesticides can be
found in Appendix A.

Value of pesticide use to producers. Two measures

were used to describe the economic stake of producers in
uses of a pesticide: annual total user losses of pesticide
cancellation and annual per acre user losses of pesticide
cancellation. Again, data for both measures were obtained
from the position documents (primarily PD 2/3s8). Pesticide
uses with qualitative descriptions such as "minor,"” "negli-
gible," "little," "insignificant," or "small" were assigned
a value of 100 for total costs and .25 for per acre costs,
placing them in a lower ranking than those uses for which

costs to producers could be calculated.

Table 4.1 Value to Manufacturers of Uses of DBCP
Price of DBCP Pounds used Value to
Use per pound ($) Annually Manufacturer
Soybeans .67 12,378,000 8,293,260
Grapes 1.00 3,200,000 3,200,000
Almonds .67 3,417,000 2,289,390
Vegetables/Melons/

Strawberries .66 3,392,000 2,238,720
Peanuts .67 3,195,000 2,140,650
Cotton .66 2,700,000 1,782,000
Peaches/Nectarines .66 1,823,000 1,203,180
Citrus «62 1,292,000 801,040
Commercial Turf .66 550,000 363,000
Plums .67 452,000 302,840
Pineapple .83 302,000 250,660
Home Lawns .67 200,000 134,000
Other Berries .67 92,000 61,640
Strawberry Nursery

Stock .67 16,000 10,720
Home Gardens .67 5,000 3,350
Bananas - negligible 100
Apricots/Cherries/Figs - negligible 100
Ornamentals - unknown ?



-101-

The total losses measure was intended to depict the
industry-wide net economic impact of pesticide cancellation.,
whereas per acre losses provided information on the approx-—
imate net impact of cancellation per producer. The former
measure, if correlated with the quality of information,
would lend credence to the hypothesis that producer groups
provide information according to total dollars at stake.
The latter measure would go along with Peltzman and
Stigler's hypothesis that per capita economic stake helps
drive the political process. The original intent was to
report costs of cancellation per average-sized farm for each
use of each pesticide, but such data were simply not avail-
able, so the per acre cost figures had to be used instead.

Again, the problem of multi-year application cycles,
namely for DBCP, had to be solved. Annual averages were
calculated when losses from pesticide cancellation were
reported for multiple-year cycles.

Data were not always available for per acre user losses
from pesticide cancellation because there were not always
data on acres treated with the pesticide. When there were
no quantitative or qualitative data, the use was not in-
cluded in the analysis of correlation between per acre costs
and quality of information. Table 4.2 and 4.3 show annual
total and per acre costs of cancellation of DBCP, respec-
tively. Data for other pesticides can be found in Appendix

A.
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Table 4.2 Total User Losses from Pesticide
Cancellation for DBCP (Annual)

Use

Peaches/Nectarines

Soybeans

Grapes
Vegetables/Melons/Strawberries
Citrus

Almonds

Peanuts

Pineapple

Commercial Turf

Strawberry Nursery Stock

Plums

Home Lawns

Cotton

Other Berries

Apricots, Figs, Cherries, Walnuts
Bananas

Home Gardens

Ornamentals

* per year, after three years.

Total Annual Costs ($)

$ 26,890,000**
23,500,000
21,670,000**
14,500,000

8,950,000**
8,834,000*«*
6,800,000
6,200,000%*
2,200,000-5,600,000
1,500,000-5,600,000
4,600,000*~*
2,750,000
2,600,000
1,000,000
"negligible" (100)
"negligible" (100)
"negligible" (100)
?

** annual averages based on three-year crop cycles.
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Annual Per Acre and Total User Losses

from Pesticide Cancellation for DBCP

Use

Strawberry Nursery
Stock

Pineapple
Peaches/Nectarines
Plums

Commercial Turf

Citrus
Grapes
Ornamentals

Almonds

Home Lawns

Vegetables/Melons/
Strawberries

Soybeans

Peanuts

Cotton

Other Berries

Home Gardens

Apricots/Figs/
Cherries/Walnuts

Bananas

* Calculated by author

Annual Per Acre
Total Acres Costs of
Costs ($) Treated Cancellation ($)
$1,500,000 $2,500.00
to to
5,600,000 600 9,333.00*
6,200,000 5,000 1,240.00%*
26,890,000 42,000 640.24%*
4,600,000 9,000 511.00%*
2,200,000 118.92
to to
5,600,000 18,500 302.70*
8,950,000 31,200 286.86%*
21,670,000 83,000 261.08*
? ? 88.08
to
172.55
8,834,000 71,000 124.42%*
2,750,000 31,250 88.00*
14,500,000 374,000 38.77*
23,500,000 1,133,000 20.74
6,800,000 355,000 19.15*
2,600,000 225,000 11.56*
1,000,000 600 <25
"negligible" ? <25
"negligible® "negligible" .25
"negligible”™ "negligible" .25
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Percentage of producers affected. As previously

mentioned, it was hypothesized that a higher percentage of
affected producers would serve as an incentive for producer
groups to involve themselves in the regulatory process. The
best measure of percentage of producers affected was the
percentage of total acres in the nation treated with the
pesticide. The assumption was that the percentage of acres
treated was directly related to the number of producers who
use the pesticide.

If the percentage of acres treated was described as
"very minor"™ or "little," a value of .0l1% of total acres
treated was assigned to the use of the pesticide, which
ranked the use below those uses for which quantitative
estimates had been obtained.

In the case of endrin, the percentage of acres treated
for "other vegetable seeds" was described as "like water-
melon and conifers." The percentage for watermelon and
conifer seeds was 100% and 90% respectively, so a value of
90% was assigned to other vegetable seeds.

If there were no qualitative or quantitative data on the
percentage of acres treated, the use was not included in the
data base. If crop cycles exceeded or were less than one
year, the percent of the crop treated per cycle was used.
Table 4.4 shows the percentage of acres treated, intended to
proxy the percentage of affected producers, for DCBP. Data

for other pesticides can be found in Appendix A.
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Table 4.4 Percentage of Acres Treated with DBCP
(Per Crop Cycle)

Use Percent of Crop Treated
Strawberry Nursery Stock 100%
Vegetables/Melons/Strawberries 8.1% to 95%
Plums 70%
Almonds 54%
Pineapple 46%
Peaches/Nectarines 44%
Grapes 31%
Peanuts 23%
Citrus 7.9%
Soybeans 2.1%
Cotton 2.0%
Home Gardens <0.5%
Other Berries <0.1%
Apricots/Cherries/Figs/Walnuts <0.1%
Bananas <0.1%
Commercial Turf ?
Ornamentals ?
Home Lawns ?

Losses to risk-bearers. Although pesticide manu-

facturers and users gain from the use of a pesticide, some
individuals lose -- namely, risk-bearing individuals and
possibly nonusing producers. Data on losses to nonusers
were not available, but there were meaningful data on risk
for the eight pesticides. 1In fact, the data were EPA's own
rankings of the eight pesticides according to various risk
variables, which lended more credence to the testing of
Edwin Johnson's statement that more risk leads to more
information.

The ranking for Amitraz had to be calculated by the
researcher, since it was not rated by EPA. Table 4.5 shows
the relative risk calculation for Amitraz. EPA's ranking

of the eight pesticides can be found in Table 4.6.



Table 4.5 Measuring Relative Risk for Amitraz

Criteria

Total Production

Oncogenicity (Mammals)

Other Chronic Toxicity
(Mammals)

Acute Toxicity (Mammals)
Fish and Wildlife Toxicity
Persistence
Biomagnification and

Bioaccumulation

Environmental Mobility
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Measure

up to 162,715 1lbs
active ingredient

positive

negative

positive
(p.1 of PD 1)

negative
(p.1 of PD 1)

no evidence of
persistence

no evidence
drift

TOTAL Risk Factor

Score
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Problems in measuring explanatory variables. There

were some problems in measuring the explanatory variables.
Specifically, the "value to manufacturers" variable was
proxied by using retail price times the quantity of the pes-
ticide used annually. Within a pesticide, this measure
presumed a constant relationship between wholesale and
retail prices and a constant rate of return between uses of
the pesticide. For comparison between pesticides, it pre-
sumed a constant rate of return.

For "annual total user losses from pesticide cancella-
tion," data were often available for crop or application
cycles rather than on an annual basis. In those instances,
averages were calculated to reflect annual values. Averages
may not have reflected the loss picture in a particular
year, but they did provide a basis for overall comparison
between uses of a pesticide.

For one pesticide, there was difficulty in calculating
"annual per acre user 1losses."” These data had generally
been calculated by EPA, but in the case of DBCP, they had to
be calculated by the researcher. This was accomplished by
dividing "annual total user losses" by the estimated number
of acres treated.

In the case of "percent of acres treated," the data were
fairly attainable for crop or application cycles. There was
no need to calculate the average annual percentage of acres
treated, since the intent was to capture the proportion of
producers affected in general rather than the proportion

affected in a single year.
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The EPA's risk ranking for the pesticides was considered
to be relatively reliable. It reflects EPA's own perception
of risk, which is most relevant since it was being used to
test Johnson's hypothesis that more risk led to more and
better information. The calculation of relative risk for
Amitraz was not difficult, although the researcher was not
completely sure of the values for biomagnification/
biocaccumulation and persistence, based on the information in

the position documents. Phone calls to EPA indicated that
Amitraz never had been ranked according to risk.

In general, there was a problem in measuring the ex-
planatory variables with data from EPA's own risk benefit
analyses. If EPA assigned qualitative or low values in-
accurately, simply because there was no information, there
may have been a bias introduced into the empirical work.
For example, EPA may have described annual total costs of
DBCP cancellation to banana producers as being "negligible"”
because there was no information rather than because there
was information that DBCP use on bananas really was negli-
gible. However, EPA often made a distinction between an
unknown value and a negligible value for explanatory vari-

ables.

MEASURING DEPENDENT VARIABLES

Which Measured? The dependent variables in this re-

search refer to the quality of information obtained by EPA
to describe the various impacts of pesticide use. Chapter 3

was devoted to a description of the potential risks and
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benefits of pesticide use:; this conceptualization was the
basis for delineating and organizing the impacts which EPA
calculated and could have calculated. EPA's consistency in
measuring impacts across pesticides helped the researcher
break the impacts apart into variables for which the EPA
collected data. It was the quality of information obtained
for these variables which served as the dependent variables.
EPA's consistency was also important for the one explanatory
variable (EPA's risk ranking) used to compare the quality of

information between pesticides rather than between uses.

Tables 4.7 and 4.8 describe typical sets of variables per-
taining to risk and benefits for a pesticide. The goals in
designing these sets were to cover the impacts that EPA
measured, to make them broad enough to allow for comparisons
between pesticides, and to make them specific enough to
describe variation between uses of a pesticide.

These tables can serve as a comparison with Figure 3.5,
which outlines the theoretical conceptualization of benefits
and risks. In general, EPA spent virtually all of its
resources measuring what most people would consider to be
the major impacts -- risk analyses for the major groups
(applicators and consumers, in particular), the benefits
from increased value of production, and the benefits from
reduced (or increased) pest control costs. Most of the
pecuniary and distributional impacts were ignored for the
eight pesticides, and some of the risk categories (espe-

cially farmworkers and exposure to spills and drift) also



-111-

Table 4.7 Typical Risk Variables for Which
Quality of Information was Measured

Toxicity
Exposure, Human

Consumers
Residues in food
Amount of food in diet
Percent of crop treated
Risk

Ground Applicators

Dermal
Amount of pesticide exposure
Absorption of pesticide through skin
Duration of exposure

Inhalation
Amount of pesticide exposure
Absorption of pesticide
Duration of exposure

Dietary
Residues in food
Amount of food in diet
Percent of crop treated

Risk
Oncogenicity
Fetotoxicity/Reproductive Effects
Mutagenicity

Aerial Applicators, Mixers and Loaders, Farmworkers,
Persons exposed via drift, Persons exposed via spills,
Flaggers

Same as for Ground Applicators

Exposure, Wildlife

Decreases in Nontarget Species
Potential exposure
Lethal dose required to kill 50% of test animals

(LDSO)

Likelihood of exposure
Risk

Acute Toxicity to Wildlife
Residues in food

LD50
Amount of food consumed
Risk

Fatality to Endangered Species
Exposure

LD50
Risk
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Table 4.8 Benefits Variables for Which Quality of
Information was Measured

Changes in pest control costs due to pesticide cancellation
Cost of pesticide per unit
Amount of pesticide used per acre
Acres treated with pesticide
Cost of alternative pest control per unit
Amount of alternative used per acre
Acres that would be treated with alternative
Acres that would be abandoned
Per acre changes in pest control costs
Total changes in pest control costs

Changes in yield due to pesticide cancellation
Yield per acre with pesticide
Yield per acre with alternative pest control
Quality of product per acre with pesticide
Quality of product per acre with alternative pest
control
Price per unit of product
Per acre change in value of production
Total change in value of production

Changes in other production costs
Impacts on producers of other goods
Distribution of impacts

Users of pesticide

Nonusers

Marketers of product

Consumers of product

Pesticide manufacturers
Geographic distribution of impacts
Macroeconomic impacts
Social impacts

Probability of compliance with EPA restrictions

Cost of restrictions to users
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were ignored for virtually all of the pesticides. In ad-
dition, the dietary exposure route was usually ignored for
the non-consumer risk categories.

In summary, EPA never met the standard set forth in
Chapter 3 for measuring the impacts of pesticide use =-- many
of the impacts were ignored or, at best, qualitatively
discussed (mentioned might be a better word). How then, was
the transition made from a theoretical conceptualization of
impacts to a pragmatic description in Tables 4.6 and 4.7 of
which "bits" EPA actually looked at in its position docu-
ments?

Mainly, the transition was made by carefully reading and
rereading the position documents. Detailed study of the
documents in chronological order (according to the date of
publication of the PD 2/3s) revealed an incremental approach
by EPA in determining which impacts of the different pesti-
cide uses to measure, how to measure them, and sources of
data.

How Measured? By far, the largest block of time in the

empirical work was spent measuring the dependent variables
(i.e., the quality of information for the variables which
made up the impacts of pesticide use). Position documents
were painstakingly read ané reread to obtain first a broad
picture of the impacts for each pesticide use and how they
were measured and then a detailed picture of how the impacts

were measured.
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Impacts were initially listed on separate sheets of
paper, with details on how each impact was measured by EPA.
Based on this information, and after impacts were outlined,
measurement scales were developed for each impact. These
scales are depicted in Tables 4.9 to 4.19. The measurement
scales were then applied to each impact for each use of each
pesticide. The data were obtained by once more carefully
reading the PD 2/3s and benefits analyses, and were coded by
hand onto large sheets of paper. On the first reading, data
were coded only for those impacts for which the gquality of
information (i.e., the information source) was fairly-well
documented. This comprised approximately 2/3 of the data.
The documents were scoured again to obtain data on the less
well-documented impacts. Risk data were completely checked
twice, due to the researcher's relative unfamiliarity with
risk analysis and due to poor documentation of sources of
information. Benefits data were thoroughly checked once:
many of the data were obtained from the benefits analyses
rather than the position documents. All together, nearly
8,000 pieces of data were obtained for 86 uses of the eight
pesticides. Copies of the data are on file at Michigan

State University Department of Agricultural Economics.
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Table 4.9 Measurement Scale for Quality of Information:
Toxicity

Each Unrebutted Animal Study 2 pts.

Each Unrebutted Epidemiological Study
(Study of a Human Population) 5 pts.

Suggestive Evidence (e.g., Mutagenicity
or Chemical Structures as Suggestive
of Oncogenicity) 1 pt.
for each category
of evidence

Table 4.10 Measurement Scale for Quality of Information:
Exposure

Residues in food, amount of food consumed, and percent of
crop treated:

Ignored or not specifically mentioned = 0 pts.
Qualitatively mentioned = 1 pt.

Quantitative, assumed = 2 pts.
Quantitative, expert opinion = 3 pts.
Study, quantitative range = 4 pts.

Study, quantitative point = 5 pts.
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Table 4.11 Measurement Scale for Quality of Information:
Dermal and Inhalation Exposure

Amount of exposure, absorption rate, and duration of
exposure:

Ignored or not specifically mentioned = 0 pts.
Qualitatively mentioned = 1 pt.

Quantitative, assumed = 2 pts.
Quantitative, expert opinion = 3 pts.
Study of similar pesticide, quantitative range = 4 pts.
Study of similar pesticide, quantitative point = 5 pts.
Study, quantitative range = 6 pts.
Study, quantitative point = 7 pts.

Table 4.12 Measurement Scale for Quality of Information:
Risk Assessment

Ignored or not

specifically mentioned = 0 pts.
Qualitatively mentioned = 1 pt.
Quantitative, range = 2 pts.
Quantitative, point = 3 pts.

Table 4.13 Measurement Scale for Quality of Information:
Risk of Alternative Pest Control

Ignored or not
specifically mentioned

0 pts.

Qualitatively mentioned 1 pt.

Quantitative 2 pts.



-118-

Table 4.15 Measurement Scale for Quality of Information:
Significant Decreases in Nontarget Populations

Potential Exposure

Ignored or not specifically mentioned

Qualitatively mentioned
Quantitative, assumed

Quantitative, expert opinion

Study of similar pesticide, quantitative range

Study of similar pesticide, quantitative point

Study of pesticide, quantitative range

Study of pesticide, quantitative point

N O b W N+ O

Lethal Dose Required to Kill 50 Percent of Test Animals

Ignored or not specifically mentioned
Quantitative, assumed

LD50

LDSO for species

for similar species

Likelihood of Exposure

Ignored or not specifically mentioned
Qualitatively mentioned

Quantitative, assumed

Quantitative, expert opinion

Theoretical model, quantitative estimate

Study of similar pesticide, quantitative range
Study of similar pesticide, quantitative point

Study of pesticide, quantitative range
Study of pesticide, quantitative point

Risk
Ignored or not specifically mentioned
Qualitatively mentioned

Quantitative, range

Quantitative, point

0

1
2
3

® 9 O b W N~ O

w &N = O

pts.
pt.

ptse.
pts.
pts.
pts.
pts.
pts.

pts.
pt.

pts.
pts.

pts.
pt.

pts.
pts.
pts.
pts.
pts.
pts.
pts.

pts.
pt.

pts.
pts.
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Table 4.16 Measurement Scale for Quality of Information:
Fatality to Endangered Species

Concentration of Residues

Ignored or not specifically mentioned = O pts.
Qualitatively mentioned = 1 pt.
Quantitative, assumed = 2 pts.
Quantitative, expert opinion = 3 pts.
Theoretical model, quantitative estimate = 4 pts.
Monitoring similar species, quantitative range = 5 pts.
Monitoring similar species, quantitative point = 6 pts.
Monitoring species, quantitative range = 7 pts.
Monitoring species, quantitative point = 8 pts.
Lethal Doses Required to Kill 50 Percent of Test Animals
Ignored or not specifically mentioned = O pts.
Quantitative, Assumed = 1 pt.
LDSO for similar species = 2 pts.
LDg, for species = 3 pts.
Ignored or not specifically mentioned = 0 pts.
Qualitatively mentioned = 1 pt.
Quantitative, range = 2 pts.
Quantitative, point = 3 pts.
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Table 4.17 Measurement Scale for Quality of Information:
All Changes in Pest Control Costs and Changes

in Value of Production Data Except Price

Ignored or not specifically mentioned
Qualitatively mentioned

Quantitative, assumed

Quantitative, expert opinion

Study or published data, quantitative range

Study or published data, quantitative point

w

(S I3

pts.
pt.

pts.
pts.
pts.

pts.

Table 4.18 Measurement Scale for Quality of Information:

Price

Ignored or not specifically mentioned
Qualitatively mentioned

Quantitative, assumed

Quantitative, expert opinion

Study, quantitative range

Study, quantitative point

Quantitative study, varies with quality
of commodity

Quantitative study, varies with supply
of commodity

Quantitative study, varies with quality
and supply

pts.
pt.

pts.
pts.
pts.

pts.

pts.

pts.

pts.
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Measurement Scale for Quality of Information
Per Acre Change in Pest Control Costs, Total
Change in Pest Control Costs, Per Acre Change
in Value of Production, Total Change in Value
of Production, Change in Other Production
Costs, Impacts on Producers of Other Goods,
Distribution of Impacts (Users, Nonusers,
Marketers, Consumers, Manufacturers),
Geographic Impacts, Macroeconomic Impacts,
Social Impacts, Degree of Compliance, Costs of
Restrictions

Ignored or not specifically mentioned = 0 pts.

Qualitatively mentioned

Quantitative,

Quantitative,

1 pt.
range = 2 pts.

point = 3 pts.

Table 4.20 Measurement Scale for EPA Decision

Decision

Register pesticide = 0 pts.
Register with restrictions = 1 pt.
Cancel pesticide = 2 pts.
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Problems in Measuring Dependent Variables. The depend-

ent variables were in some ways easier and in some ways
harder to measure than the explanatory variables. They were
easier because data were being generated rather than sought.
If data were unavailable for the explanatory variables, they
were unavailable -- the researcher could not go out and
measure the acres of apples treated with Amitraz. Measure-
ment of the dependent variables was up to the researcher, so
there was more control over the quality of the data.

But measuring the dependent variables was difficult
because EPA's documentation of information sources was often
poor, there were about 8,000 pieces of data to collect, and
the measurement scale for each dependent variable was good
but not foolproof, which sometimes led to questions over the
value to be assigned to a variable. In general, the bene-
fits variables were easier to measure because of better
documentation and the researcher's training in economics.

Specific comments on risk coding. Specific prob-

lems in measuring the risk variables can best be depicted by
presenting some of the notes made during the measurement
process. These notes are summarized in Table 4.21.

General comments on risk coding. The basic

approach in coding the dependent risk variables was to
strive for consistency within a pesticide over consistency
between pesticides. Instead of being straightforward, the
risk coding often ended up as a judgment call after all the
information had been compiled. The goal in these situations

was to make consistent judgment calls.
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Table 4.21 Specific Problems in Measuring Dependent
Risk Variables

Chlorobenzilate

o

Assume that ground application exposure includes ex-
posure from mixing and loading.

Since absorption was estimated and does not change
between routes of exposure, should it be coded for all
routes? No, because in many cases those routes of
exposure were not even mentioned.

When there are inconsistencies between the text and
tables, which should be followed? In case of farm-
workers, go by text.

Is there ever aerial application for cotton, fruits and
nuts and "other?" 1Is there ever farmworker exposure for
"other"? Assumed not.

Assumed no dietary exposure from "other" uses.

National Cancer Institute study on oncogenicity not
reported because it had not been finalized.

Toxicity (Adverse Reproductive Effects) was coded as 11
due to 5 studies and suggestive work (1 pt.).

Residues in food coded as 2 because detection level was
assumed even in the absence of any detected residues.
Residues for Florida citrus also given 2 because an
assumption was the limiting factor (even though other
subcomponents of the data were of a higher quality than
a 2).

The data source for "food in diet"™ was simply undocu-
mented.

Duration of exposure was given a 3 because, although it
was a worst-case assumption, it was based on USDA opin-
ion.

For drift, aerial applicators, noncitrus applicators and
farmworkers, there was no mention of absorption and
duration. The text simply said that there "could be
exposure."™ Therefore, duration and absorption were
coded as 0, with exposure getting a 1.

Assumed that there could be aerial application for
Arizona citrus even though no mention, because the text
does not say that there is no citrus rust mite in
Arizona (only citrus pest for which aerial application
was used).
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Amitraz

o

Amitraz was exceptionally well-documented. The only
note was that a 2 was assigned to absorption of the
chemical, even though the position document mentioned a
study on toxicological properties, because there was no
documentation of how absorption rates were obtained.

5=-T

For toxicity, when studies only had preliminary results,
they were assigned a 1. Position document 1 was used to
code toxicity.

o For the percent of crop treated under dietary exposure,
a 2 was coded, because EPA appeared to assume that all
milk and meat had 2,4,5-T residues.

o Even though there appeared to be expert opinion on the
amount of inhalation exposure to range and handsprayers,
a 2 was coded because the expert appeared to have no
basis for his statement. It appeared that his statement
was an assumption.

o The amount of dermal exposure to range and handsprayers
was given a 1 because, although Dow Chemical provided
data, the data was not used by EPA and was difficult to
interpret.

o The researcher was less confident of the risk data for
2,4,5-T than for other pesticides. Much of the data had
to be obtained from position document 1 instead of the
PD 2/3.

Pronamide

o Toxicity received a 3 due to one study and suggestive
evidence (on nitrosamines).

Endrin

o Potential exposure to nontarget populations was assigned
a 0 in spite of a reference to "environmental effects,”
because the reference was not specific enough to use as
data.

o For Endrin use on bird perches and tree paint, exposure

to bystanders was coded under exposure via drift.
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Mixer and loader risk was often included in ground
applicator exposure.

Food residues for alfalfa reported for secondary prod-
ucts in the food chain (meat, milk, eggs).

Reproductive effects risk analysis for some uses re-
ported as margins-of-safety for individuals consuming
quantities of residues, rather than as numbers of re-
productive effects per 1000 population.

Although quantitative risk analyses were obtained for
many exposed groups and uses, there was no mention
anywhere of the information used to determine the degree
of absorption of inhaled pesticide. Therefore, zeroes
were coded.

For exposure from spill cleanup under the "other
berries" use, the quantitative risk analysis may have
only pertained to raspberries.

Dimethoate

o

Mixer and loader risk was either determined for aerial
spray mixers and loaders, or else was included in ground
applicator exposure.

The risk analysis for reproductive effects on consumers
was coded as 3 because the margin-of-safety for individ-
ual consumers was quantified even though the number of
adverse reproductive effects per 1,000 population was
not.

For alfalfa, food residues in secondary products (meat,
milk, eggs) were reported.

For 1lettuce ground applicator duration of dermal ex-
posure, the separate benefits analysis was used to
determine the quality of information. It appeared that
EPA used an expert opinion on the number of lettuce
ground applicators to estimate duration.

Silvex

Risk information very sketchy in general.

For dietary exposure in rice ("food in diet" variable),
there was no indication of the source of the data, so
the quality of information could not be measured.
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Another general rule was that if a variable relevant to
pesticide wuse was mentioned qualitatively, but without
regard to a specific use of the pesticide, then a zero was
coded for that use. This cut down on attempts to disting-
uish between the quality of qualitative data -- the
measurement scale became cruder, but actual measurement
became less crude. It was reasonable to code a zero because
information without reference to use was of little or no
help to EPA in decision making.

The rest of the measurement scale was more straight-

forward. The difficulty came in two major areas:

1) Finding EPA's data sources in the position docu-
ments.
2) Interpreting the quality of information when there

was more than one component to a particular vari-
able. For example, "duration of exposure" some-
times consisted of data on acres treated, time
needed to spray one acre, and number of applica-
tors. The rule in cases such as this was to use
the "limiting factor"™ for coding; that is, to code
the lowest-quality piece of information for "dura-
tion of exposure."

General comments on benefits coding. Benefits

coding was easier because it was more familiar, but also
because there tended to be better documentation of infor-
mation sources. For each pesticide except Chlorobenzilate
and Silvex, there was a benefits analysis which supplemented
the Position Document 2/3. The additional documents pro-—
vided a good deal of information that otherwise would not

have been obtained.
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The same basic rules used in the risk coding were
applied to the benefits coding. There was one small vari-
ation in the "limiting factor" rule: if EPA obtained a
number for a benefits variable, the researcher coded the
quality of that number, even if it only represented those
states or regions responding to a USDA/EPA survey. This
decision was made because EPA generally reported the number
as representative of the nation in Position Document 2/3,
and because generally the number represented most of the
product treated with the pesticide.

Before ending the discussion of dependent variable
coding, it should be mentioned that the initial coding
included all of the risk and benefits variables for each
regulatory alternative considered by EPA. Since there were
as many as seven alternatives for each use of a pesticide,
this added several thousands of pieces of data to the ini-
tial coding. The idea had been to determine variations in
the quality of information between regulatory options, but
the data were terrible and often nonexistent. It did not
appear that such an analysis would be meaningful, so the

data were not checked in the secondary stages of coding.

MANIPULATING DATA FOR COMPARISON BETWEEN PESTICIDES
Testing Johnson's hypothesis that greater risk resulted

in better information required ranking the pesticides (as

opposed to their uses) according to the EPA's definition of
risk and then comparing the quality of information between
pesticides. The first task was certainly easier than the

second.
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The ranking according to risk was described earlier in
this chapter. But how was the information on dependent
variables put into a form that would be comparable between
pesticides? The only answer was to average the data across
uses for each risk and benefit variable to come up with one
number per pesticide per dependent variable.

There were several problems with this approach. First,
the number of uses varied from 28 (Dimethoate) to 2 (Ami-
traz). This meant that for Amitraz, the quality of infor-
mation for one use carried far more weight than it did for
Dimethoate. It is also possible that EPA had a far more
manageable task in Amitraz than it did in Dimethoate, so it
was able to obtain better information.

A second problem was that a few of the risk variables
varied between pesticides. For example, Endrin was the only
pesticide for which data on risk to nontarget organisms,
wildlife and endangered species were obtained. The Dimeth-
oate, Pronamide, Amitraz, Silvex and 2,4,5-T documents
measured risk to two or more different types of ground
applicators, and there was no way to know whether to compare
handsprayers, tractor applicators, boom applicators, com-
pressed air applicators. DBCP application did not even
involve spraying. The decision was made to leave ground
applicators out of the analysis of quality of information
between pesticides.

A third general problem was that there was probably less

consistency between pesticides than within each pesticide.
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In short, more confidence should be placed in the results of
the analysis of quality of information within a pesticide.
MEASURING CORRELATION BETWEEN DEPENDENT
AND EXPLANATORY VARIABLES

For each pesticide, correlations were measured between
four of the explanatory variables and the quality of each
"bit" of risk and benefit information for each use of the
pesticide. As a result, each pesticide has as many poten-
tial correlations as there were dependent variables for each
of the four explanatory variables (value of pesticide use to
manufacturers, percent of crop treated, annual per acre user
losses from pesticide cancellation and annual total user
losses from pesticide cancellation.

For the fifth explanatory variable, EPA's pesticide risk
ranking, the correlation between the variable and the qual-
ity of each "bit" of risk and benefit information for each
pesticide was measured. As a result, there were only as
many correlations as there were dependent variables.

Why were the four "interest group"” explanatory variables
correlated with the quality of risk and benefit information
for pesticide uses? There were several reasons for attempt—
ing to explain variation in the quality of information
between uses of a single pesticide. First, it is a matter
of control over the research setting. Variation between

pesticides could be explained by a wide variety of varia-

bles, such as different levels of resources, different

researchers, different costs of information, and, of course,
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different levels of interest group pressure. But within a
single pesticide, most of those variables do not vary.
Thus, there are fewer non-hypothesized reasons for variation
in the quality of information between uses of a pesticide.
In short, the research setting is more controlled.

Another reason for examining variation between uses
rather than between pesticides is that there are some major
difficulties in measuring dependent variables (quality of
information) for a pesticide. These problems were discussed
earlier in reference to the EPA's pesticide risk ranking
explanatory variable. In general, the average quality of
information across all uses of a pesticide may not accur-
ately reflect the overall quality of information for the
pesticide.

Finally, examining variation between uses of a pesticide
is interesting from a research perspective. Interest group
incentives vary at least as widely between uses as between
pesticides. But constraints on decision-making presumably
do not. As a result the research question becomes one of
how EPA and interest groups allocate their scarce informa-—
tion resources between pesticide uses within the particular
regulatory environment that is characteristic of an indi-
vidual pesticide.

There are two widely-accepted statistics used to measure
correlation between explanatory and dependent variables when

one variable is measured cardinally and the other ordinally.
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The first statistic to measure the relationship between an
explanatory and a dependent variable is called multiserial
correlation. This statistic assumes that one variable is
measured ordinally and the other on an interval scale. It
also assumes that the ordinal scale variables (in this re-
search, the quality of information variables) would approx-
imate a normal distribution if they could be measured more
precisely on an interval scale and that there is a linear
relationship between the explanatory and dependent vari-
ables. Basically, multiserial correlation accurately trans-
forms the ordinal scale into an interval scale if the or-
dinal scale variables are normally distributed. Once this
is done, an adapted version of "Pearson's r" is calculated
to show the degree of correlation.

Goodman and Kruskal's coefficient of ordinal association
(called the "gamma coefficient") can be used either when
both variables are measured ordinally or when one is meas-
ured cardinally and the other ordinally. The gamma coeffi-
cient was chosen for this research for several reasons.
First, the explanatory variables were measured crudely, and
actually ordinally when the EPA described them qualitative-
ly. Given that, it would probably be risky to consider them
as being measured cardinally (which would be a requirement
of multiserial correlation). Second, there is no reason to
believe that the data for each dependent variable would
approximate the normal distribution needed for accurate

measures of correlation using multiserial correlation. The
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quality of information for a particular impact of pesticide
use tended to be incremetal between uses of a pesticide (and
thus, fairly constant), so there was not always a clustering
of data points towards the center of the scale.

A third reason for choosing gamma is that the measure of
correlation was intended to serve as a guide to the nature
of the relationships between the quality of information and
the various explanatory variables. Gamma serves that pur-
pose; multiserial «correlation provides a more precise
measure that may not be justified by the data. Fourth, when
testing Edwin Johnson's statement that risk drives the risk-
benefit analysis, the explanatory variable ("risk of pesti-
cide”) and dependent variables were measured ordinally, so
multiserial correlation could not be used. The use of gamma
to measure the other hypotheses provided consistency in the
research. In short, use of the more complex and precise
multiserial correlation probably could not have been de-
fended because of the quality of the data collected for
explanatory and dependent variables.

A programmable calculator was used to calcuate the gamma
coefficients in this research. The data for dependent and
explanatory variables were entered by hand, and each gamma
coefficient was checked at least once (at least three times
if the first and second answers did not agree). To calcu-
late gamma, pesticide uses were ranked from highest value to

lowest value of a particular explanatory variable.
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The formula to calculate the gamma coefficient is:
(number of agreements in direction of changes for explana-
tory and dependent variables - number of inversions) + (num-
ber of agreements + number of inversions). Gamma can range
from -1.0 to +1.0; if there is no variation in the dependent
variables, gamma is indeterminant and cannot be calculated.
Examples of gamma coefficient calculations to explain varia-
tion between uses of a pesticide and to explain variation

between pesticides can be found in Tables 4.22 and 4.23.

Once all of the gammas were calculated, they had to be
evaluated. In general, non-zero gammas of less than .250
and greater than =-.250 were considered to show very weak
correlations, given the quality of the data. Tables in
Chapters 5 and 6 show the frequencies of gammas with differ-
ent values for each dependent variable. For the four vari-
ables explaining variation in the quality of information
between pesticide uses, the tables also show the number of
pesticides with primarily positive and negative gammas for
risk and benefit categories. These summaries of the vast
number of gammas calculated will serve as the basis for the

evaluation and interpretation of the results.

SUMMARY
The methodology described in this chapter is complica-
ted, not because of complex statistical techniques, but
because of the amount of data, the measurement difficulties
and the shortage of similar methodologies in previous re-
search. What follows is a brief summary of the methodology

used in this research.
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Table 4.22 Calculation of Gamma Coefficient

for Chlorobenzilate:

Value of

Pesticide Use to Manufacturers
and Consumer Risk of Oncogenicity

Value of Use

Use to Manufacturers
Florida Citrus $3,220,000
Texas Citrus $406,000
Cotton $212,550
California Citrus $30,000
Arizona Citrus $24,000
Other $100*
Fruits and Nuts ?

* Value assigned for "little use"

Number of decreases in consumer risk of
oncogenicity as value of use decreases:

Number of increases in consumer risk of
oncogenicity as value of use decreases:
Gamma = 0-3 = = -1

0-3 = =3
0+3 3

Consumer Risk -
Oncogenicity

2
3

not applicable
3
3

not applicable
3
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Table 4.23 Calculation of Gamma Coefficient for
EPA's Pesticide Risk Ranking and Consumer
Risk of Oncogenicity

EPA Risk Consumer Risk -
Pesticide Ranking Oncogenicity
Endrin 21 not applicable
Chlorobenzilate 13 2.8
DBCP 13 3.0
Dimethoate 12 1.0
Silvex 7 0.8
2,4,5-T 7 1.0
Amitraz 7 3.0
Pronamide 6 2.7

Number of decreases in consumer risk of
oncogenicity as EPA risk ranking decreases: 10

Number of increases in consumer risk of
oncogenicity as EPA risk ranking increases: 5

Gamma = 10-5 = 5 = .33
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Explanatory variables were defined to reflect the incen-—
tives of interest groups to involve themselves in the poli-
tical process. Four of the variables were measured for each
use of each pesticide, using EPA's Position Document 2/3s.
The fifth variable, "EPA's Risk Ranking", was measured for
each pesticide with EPA data.

The dependent variables reflected the quality of EPA's
information on risks and benefits for each use of each
pesticide. Measurement scales were devised by reading EPA's
position documents and benefits analyses, and values were
then assigned to the variables.

Correlations between the explanatory variables and the
dependent variables were measured by Goodman and Kruskal's
coefficient of ordinal association ("gamma"). In order to
make the dependent variables comparable with EPA's pesticide
risk ranking which was only obtained for each pesticide, the
quality of information was averaged across all uses of each
pesticide. Thus, one gamma was calculated for each depend-
ent variable. For the other four explanatory variables,
gammas were calculated for each dependent variable and each
pesticide, as correlation between explanatory variables and
the quality of information for uses of a pesticide were

estimated.



CHAPTER 5

RESULTS: OQUALITY OF INFORMATION
ON RISK OF PESTICIDE USE

INTRODUCTION
There are three main objectives of Chapter 5. First,
there are some general comments and qualitative examples of
EPA's risk assessment process. Second, the quality of EPA's
risk information is summarized. And finally, the relation-
ships between the explanatory variables, as measured, and

the quality of EPA's risk information are summarized.

OVERVIEW OF EPA'S RISK ASSESSMENT PROCESS

EPA's risk assessments tend to be incremental in nature
from one pesticide to another (although not to the same
extent as the benefits assessments, due to differences in
risk between pesticides). As a result, there are some
general trends in the risk assessment process.

First, it is important to point out that EPA has a
definite stake in protecting the findings of its preliminary
risk analysis. The preliminary risk analysis initiates the
RPAR process and often serves as the basis for the final
risk assessment contained in Position Document 2/3. 1If the
preliminary analysis is not correct in its projection of
"unacceptable risk," then why was so much time (often two
years or more at the rebuttal stage of the process) and
money invested in studying the pesticide? Perhaps this

-137-
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accounts for the apparent antagonistic relationship between
EPA and the registrants and EPA's own defensiveness, which
are evident even on the pages of the public documents re-—
sulting from the RPAR process.

However, EPA's commitment to its preliminary risk analy-
sis does not extend to doing in-house toxicity and exposure
studies, at least for the eight case-study pesticides. No
doubt this is due to a lack of appropriated funds, but it
means that EPA has to rely on data from outside groups.
When registrants submit exposure or toxicity data that would
lower EPA's risk calculations, it does not seem to be
greeted by EPA with the same enthusiasm as data that
increases the risk calculations or benefits data from users.
For example, when Dow Chemical Company provided information
on applicator exposure to the herbicide 2,4,5-T during
forestry applications, EPA supposedly used the information
to revise its risk analysis. However, no evidence of re-
vision could be found in the public documents. One of EPA's
reservations in using the data was that the forestry use was
not being considered in the 2,4,5-T RPAR, so extrapolation
of the exposure data across uses would have to occur.
However, EPA often uses exposure data from other pesticides,
as well as other uses, in its risk analysis. The 2,4,5-T
risk analysis was no exception. It may be relevant to point
out that the 2,4,5-T RPAR was the most hotly contested of

the eight case-study chemicals.
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What about data from the groups which bear the risk?
Risk-bearing groups are, in general, very diffuse, unin-
formed and unorganized. Information on exposure and
toxicity of pesticides is very costly to obtain (often
because such information has not yet been compiled). In
addition, risk-bearing groups often contain large numbers of
geographically~-dispersed members, which results in high
organization costs. The theories of Stigler and Peltzman
would predict that these groups would gain little (or lose a
lot) in the decision-making process due to their inability
to impact regulators. However, as van Ravenswaay (1982)
points out, these groups' political costs may be subsidized
by "political entrepreneurs," (see also Wilson (1980)) who
are able to influence decision-making. In the RPAR process,
the two major political entrepreneurs for risk-bearing
groups appear to be the Environmental Defense Fund (EDF) and
the EPA itself. Part of the EPA's activism is built into
the process -~ since a determination of risk is needed to
initiate the RPAR process, EPA has a stake in defending its
risk findings. And while the environmental groups such as
EDF are not highly visible during all regulatory activities
for all pesticides, they may very well reserve their own
limited resources for controversial, high-risk pesticides --
the very pesticides which they should have the most success

in affecting regulatory outcomes.



oo

Another characteristic of EPA's risk assessment process g////
is the need to bound the problem and develop standard oper-
ating procedures in order to cope with the potentially
infinite information requirements of pesticide regulation.
van Ravenswaay and Hull (1981) describe many of EPA's
standard operating procedures when they discuss strategies
for meeting information requirements in food safety regula-
tion. In estimating risk, EPA usually determines toxicity P/////
of a chemical from high-dosage animal tests rather than
human studies. Margins of safety are used when extra-
polating animal tests to humans, in case humans are more
sensitive to a chemical than the test animals. Exposure to
different groups of humans is estimated by using the same
sources all of the time -- Food and Drug Administration
"Market Basket Surveys" for pesticide residues in food, a
small group of studies on applicator exposure (often data
from other pesticides are used), data from registrants and
user groups, and assumptions on exposure. Extrapolation of —
risk from high doses given to test animals to relatively low
doses experienced by humans is accomplished by using math-
ematical models of dose-response. In all of the case
studies for this research, EPA uses the model which usually
results in the highest prediction of risk. The "one-hit"
model assumes that very minimal doses of a chemical present
some risk of chronic illness.

It is difficult to estimate the direction of the bias of

L—

these strategies on risk estimates. Risk estimation is
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characterized by such uncertainty that it is impossible to

know whether EPA's estimates are high or low. EPA's inclin-
ation is definitely toward erring on the side of safety, but
what if humans are much more sensitive to a chemical than
animals? What if exposure estimates are too low? What
about more sensitive members of the population or people
with above-average exposure? It is conceivable that a risk
estimate is too low even with EPA's bias toward safety.
Along with simplifying the information search, EPA also
reduces or "bounds" problems, as suggested by Edmunds
(1980). Problems are reduced by excluding certain impacts
from consideration -- EPA excludes the impacts of pesticide
use on chemical manufacturing workers (who are supposedly
covered under the Occupational Safety and Hazard Act),
exposure to other chemicals which may enhance or lower the
impacts of the pesticide in question, certain relationships
in the ecosystem, and other risk variables. All of this

represents an effort by EPA to make the problem of pesticide

regulation comprehensible and manageable. However, as willy{

be pointed out in the next section, EPA's existing risk

information still leaves a lot to be desired. —

The internal structure of EPA's Office of Pesticide
Programs (OPP) also reveals a lot about which impacts are
included in risk-benefit analysis and which are not. The
Hazard Evaluation Division within OPP, largely responsible
for the risk assessment, is composed of a Toxicology Branch,

an Environmental Fate Branch, a Residue Chemistry Branch
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and an Ecological Effects Branch. Figure 5.1 shows what is
ideally accounted for by each branch, but in reality many

impacts of pesticide use are excluded.

QUALITY OF EPA'S RISK INFORMATION

Table 5.1 summarizes the quality of more than 5,500 EPA
risk data, as measured by the researcher. In addition to
the data summarized, there are many other risk character-
istics that EPA did not attempt to measure for any of the
eight pesticides, as pointed out in Chapters 3 and 4.

Table 5.1 does not show high-quality information under-
lying EPA's risk assessments. In the three major measure-
ment categories, EPA ignores risk variables in the great
majority of cases. For the dietary exposure category, where
76.812 percent of the variables were not even mentioned,
most of the zero scores resulted from EPA's failure to
acknowledge dietary exposure as an additional residue source
for ground applicators, mixers and loaders, pilots, ground
crews, farmworkers, and persons exposed to spills or drift.
But in the second and third categories, the zero scores
resulted from EPA's failure to mention aspects of dermal and
inhalation exposure and risk to various groups.

The minor categories do not vary much from the three
major ones. Most of the measures are congregated around the
zero and one scores.

Another tendency reflected in Table 5.1 is EPA's avoid-
ance of quantitative range estimates, even for the risk

measures. When quantitative estimates were made, they were
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Component

HED Branch

Background
Chemical and physical properties
Environmental fate and persistence
Human exposure analysis
Dermal
Respiratory
Dietary (food and water)
Inhalation, penetration and
absorption rates
Human health risk
Cancer
Acute toxicity
Other chronic toxicity
Ecological hazard

Residue Chemistry
Environmental Fate

Environmental Fate
Environmental Fate
Residue Chemistry

Toxicology

CAG,* Toxicology
Toxicology
Toxicology
Ecological Effects

*Not a branch of HED.

Source: Environmental Studies Board Committee on Prototype
Explicit Analyses for Pesticides, Regulating Pesti-
cides (Washington, D.C.: National Research Council,

1980), p. 38.

Figure 5.1 Components of Pesticide Risk Assessment

Principal Organizational Responsibilities in the

Office of Pesticide Programs
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Table 5.1 Quality of Risk Information
Measure-

Variables ment Meaning of Fre- Percent

Measured Scale Measure quency of Total

-Dietary Exposure 5 quantitative, 106 6.679%
(Residues, Food point
in Diet, Percent 4 quantitative, 0 0%
Crop Treated) range

3 expert opinion 94 5.923%
2 assumption 134 8.444%
1 qualitative 34 2.142%
0 ignored 1219 76.812%

-Dermal & Inhala- 7 study of pesti- 88 3.039%
tion Exposure cide, point
(Amount, Absorp- 6 study of pesti- 4 .138%
tion, Duration) cide, range

5 study of similar 130 4.489%

-Residues & Amount situation, point
of Food Consumed 4 study of similar 4 .138%
for Acute Toxi- situation, range
city to Wildlife 3 expert opinion 187 6.457%

2 assumption 273 9.427%

~Potential Exposure 1 qualitative 201 6.941%
for Nontarget Or- O ignored 2009 69.372%
ganisms

-Risk (Consumers, 3 quantitative, 172 14.576%
Ground Applica- point
tors, Mixers & 2 quantitative, 12 1.017%
Loaders, Ground range
Crews, Drift, 1 qualitative 429 36.356%
Spills, Pilots, 0 ignored 567 48.051%
Farmworkers,

Wildlife, Non-
target Organ-
isms, Endangered
Species)

-LD5 (wildlife, 3 LD.., 8pecies 3 11.538%
Nontarget Or- 2 LDSO' similar 3 11.538%
ganisms, Endan- spécies
gered Species) 1 assumed 0 0s

0 ignored 20 76.923%
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Measure-
Variables ment Meaning of Fre- Percent
Measured Scale Measure quency of Total
-Risk of Alterna- 2 quantitative 0 0%
tive Pest Control 1 qualitative 42 55.263%
Method 0 ignored 34 44.737%
-Likelihood of 8 study of pesti- 0 (o]
Exposure for cide, point
Nontarget Or- 7 study of pesti- 2 12.500%
ganisms cide, range
6 similar situation, O (0] 3
-Concentration of point
Residues for 5 similar situation, O 0%
Endangered range
Species 4 theoretical model 1 6.250%
3 expert opinion 0 0%
2 assumed o 0%
1 qualitative 7 43.750%
0 ignored 6 37.500%
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almost always point estimates. This does not necessarily
reflect greater precision in EPA's estimates and supporting
data -- it could possibly reflect pressure from within and
without the agency to come up with definite numbers to aid
or justify decisions.

In general, it can be said that EPA's risk data for the
eight case-study pesticides were not complete, and when
present, not usually a result of quantitative studies of the
pesticide. Instead, measurements tended to be based on
expert opinions, assumptions, or studies of other chemicals.

CORRELATION BETWEEN EXPLANATORY VARIABLES
AND QUALITY OF RISK INFORMATION VARIABLES

This portion of the Chapter examines the extent of cor-
relation, as measured by gamma (G), between the hypothesized
explanatory variables and the quality of information used by
EPA to assess the risk of the 86 uses of the 8 pesticides.
One of two results was found for each potential gamma. If
there was no variation in the quality of risk information
for all of a pesticide's uses that could be measured for a
particular explanatory variable, then there was no G -- by
definition, it was undefined. Otherwise, a G in the range

of -1 to +1 was found.

Explanation of Tables. Although it would facilitate the

analysis of the research findings, it would be misleading to
use a single number to summarize all of these correlations.

Instead, Tables 5.3 through 5.7 were devised from Tables 1
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through 44 in Appendix B to summarize for each explanatory
variable:

o the numbers and values of gamma coefficients that
could be calculated for exposure and risk, within
each of nine risk categories.

o when gamma coefficients could not be calculated
(i.e., when there was no variation in the quality
of risk data between uses of a pesticide), the
quality of risk information for exposure and risk,
within each of the nine risk categories.

o) the total possible numbers of gamma coefficients
for risk and exposure, within each of the nine risk
categories.

o the number of pesticides for which one or more
gamma coefficients could be calculated, for each of
the nine risk categories. Unless otherwise noted,
the number is the total out of a possible eight
pesticides.

o for each of the nine risk categories, the number of
pesticides with primarily positive gammas, pri-
marily negative gammas, and equal numbers of posi-
tive and negative gammas.

The nine risk categories are consumers, ground applica-
tors, mixers and loaders, pilots, persons exposed to drift,
farmworkers, persons exposed to spills, aerial ground crews
and animals. Exposure refers to dietary exposure for con-

sumers; dermal, inhalation and dietary exposure for the
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seven other human risk categories; and animal exposure.
Risk refers to oncogenic, mutagenic, and fetotoxic and
reproductive risk to humans, and animal risk.
In describing the values of the gammas that could be
calculated, the following measurement scale was devised:
-1 to .-750
-.749 to -.500
-.499 to -.250
-.249 to O
.001 to .250
.251 to .500
.501 to .750
.751 to 1
This particular measurement scale was chosen in part because
the researcher felt that gammas between the values of -.249
and +.250 could not be considered strongly positive or nega-
tive, given the 1limitations in measuring explanatory and
dependent variables. Tables 5.3 through 5.7 show the fre-
quency of gamma values for exposure and risk within each of
the nine risk categories.
Gammas that could not be calculated were designated with
a "-=", Since this reflects no variation in the quality of
information between uses of a pesticide, the number in
parentheses shows the quality of information for all uses of
a pesticide that can be measured for the particular explana-

tory variable. When a "--(x)" is left blank for a risk

category (as opposed to showing a zero), the number in the
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parentheses is not included in the measurement scale for
those particular risk or exposure variables. In addition,
"--(?)" means that the quality of information for at least
half of the uses of the pesticide could not be determined.

The "total possible G" line in each table is the sum of
the gammas that could be calculated and those that could not
be calculated. It is useful because it shows how often (or
perhaps, how seldom) there was variation in the quality of
information between uses so that gammas could actually be
calculated.

The lower half of each table reflects the number of
pesticides that showed positive, negative or ambiguous
relationships between the explanatory variable and the
quality of information for each of the nine risk categories.
This was determined by simply summing the positive and
negative gammas and comparing the two sums. These figures
show whether a large number of positive gammas in a risk
category reflect many positive gammas for one pesticide, or
a positive trend for several pesticides. It is the positive
trend for several pesticides that will reflect the kind of
correlation that was hypothesized between the explanatory
variable and the quality of information for a particular
risk category.

In the body of the table, the numbers in parentheses
denote the frequency of "lower range" gammas in each of the
eight ranges for the value of gamma. Lower range and upper

range gammas occur because for some pesticides, the uses
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could only be measured in ranges for the explanatory vari-
ables. Using the high point of the range to rank uses
within a pesticide according to one of the explanatory
variables led to different values for gamma than if the low
point of the range was used. Therefore, "lower range" and
"upper range® gammas must be reported.

Table 5.2 is also useful in interpreting the results
found in Tables 5.3 through 5.6. This table shows the total
number of uses of each pesticide, and the number of uses
that can be measured for each of four explanatory variables.
Gammas based on very few uses of a pesticide are not as
reliable as gammas based on most uses. For example, for the
"value of use to manufacturer® variable only 3 of 11 uses of
Endrin could be measured. Therefore, all gammas measuring
the correlations between the value of Endrin uses to man-
ufacturers and the quality of Endrin risk/benefit informa-
tion are based on only three uses of the pesticide. On the
other hand, 17 of 18 DBCP uses could be measured according
to value of uses to manufacturers. Presumably, the DBCP

gammas would be more reliable than the Endrin gammas.

Findings for Value of Pesticide Use to Manufacturers.

The explanatory variable "value of a pesticide use to manu-
facturer” is intended to proxy the likelihood of manufac-
turers to become vigorously involved in the information-
gathering phase of the regulatory process. Pesticide man-
ufacturers seem to fit the Stigler/Peltzman mold for a group

that can impact the regulatory process. There are generally
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few major manufacturers of a pesticide (meaning low organi-
zation costs) and the financial stakes can be very high.
Stigler and Peltzman have hypothesized that the more the
regulated parties have at stake, the more they will affect
the regulatory process. In this research, it is hypothe-
sized that manufacturers of a pesticide will improve the
quality of information on the benefits and risks of the more
valuable uses of that pesticide. Likewise, it is hypothe-
sized that the manufacturers will spend less time and fewer
resources in attempts to gather information on risk for less
valuable uses of the pesticide.

The results do not, in general, support these hypo-
theses. For seven of the nine risk categories, a vast
majority of the gammas could not be calculated (that is, the
quality of information in those categories did not usually
vary between uses of the various pesticides). The two risk
categories for which a majority of gammas could be calcu-
lated, ground applicators and animals, showed two different
results.

The ground applicator category showed 25 of 42 positive
gammas in the .751 to 1 range, which indicates strong posi-
tive correlations. Only 14 gammas were not positive, of
which 13 were in the -.249 to O range. Furthermore, all six
of the pesticides for which one or more gammas could be
calculated had primarily positive gammas. Ground applicator
risk is the most important risk category in EPA's studies,

with the possible exception of consumer risk.
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The animal risk category showed mixed results for the
one pesticide to which it applied, Endrin. There were equal
numbers of strongly negative and strongly positive gammas,
and the remaining gamma was in the -.249 to O range. As a
result, Endrin just barely ended up in the primarily nega-
tive group for the animal risk category.

About all that can really be said for the remaining risk
categories is that gamma could not usually be calculated.
When it could not, the quality of information across all
uses of a pesticide was usually zero (i.e., the risk was
ignored), except for consumers. This is partly because
dietary exposure for all non-consumer human risk categories
was usually ignored.

Thus, the hypothesized relationship was not supported by
empirical results. Quality of risk data tended not to vary
at all, and when it did, the results were ambiguous when
compared with the value of pesticide uses to manufacturers.
What could cause these results? One potential cause could
be that manufacturers do not want to see better information
in EPA's risk analyses. Vague or poor information could
result in a better regulatory outcome for manufacturers. A
second potential explanation is that pesticide manufacturers
are unable to impact EPA's risk analyses. This explanation
would seem to fly in the face of Peltzman and Stigler's
work. A third potential explanation is that the manufac-
turers allocated their scarce resources towards securing

better information on ground applicator risk because EPA



-158-
spends most of its resources on that risk category. This
would make even more sense if the manufacturers perceived
that EPA based its decisions on findings of ground appli-
cator risk. The manufacturers may simply feel that they get
the most value for their information expenditures by con-
centrating on the high-risk ground applicator category, and
then saving the rest of their resources for improving the

quality of benefits information.

Findings for Percent of Crop Treated. The "percent of

crop treated"™ explanatory variable is intended to proxy the
number of pesticide users affected by EPA's regulatory
actions. It is hypothesized in this research that as a
larger number or proportion of users are affected, the
quality of risk information will increase as those users
impact the regulatory process. Stigler and Peltzman might
argue that the organization costs of larger groups might
hinder the ability of the groups to affect the process, but
it is hypothesized that the presence of political entrepre-
neurs such as USDA and well-organized user groups eliminates
organization costs.

Once again, the results do not seem to support the
hypothesis. The only risk categories for which a majority
of the total possible gammas could be calculated were ground
applicators and animals. When G could not be calculated,
the quality of risk information was usually zero for every
risk category except consumers (that is, the particular

exposure or risk variable was usually ignored by EPA).
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The numbers of pesticides with primarily positive, nega-
tive or mixed gammas did not suggest a particular relation-
ship between the percent of crop treated and the quality of
risk data for any of the nine risk categories.

What could cause these results? Perhaps pesticide users
do not necessarily want to improve risk information,
especially if better information is perceived as leading to
more restrictions on pesticides. Pesticide users may also
be ground applicators and the profit motive may overrule any
desire to see stronger information and regulations to reduce
ground applicator risk. Users certainly have a better
handle on benefits information, so they may focus their
efforts in that direction, instead of trying to influence
risk information. Finally, EPA probably attempts to defend
its risk analysis from external information that undermines
the findings. This should be more true for risk than for
benefit information because USDA has major responsibility
for preparing the benefits analysis.

Although the overall results showed no clear trend when
G could be calculated, that was not the case for individual
pesticides. Some pesticides showed primarily positive Gs
for a risk category, others showed primarily negative Gs and
still others showed equal numbers of positive and negative
Gs. The two pesticides with the most measurable uses for
percent of crop treated showed opposite results. The per-

cent of DBCP uses treated was positively correlated with the
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quality of DBCP risk information for the three risk cate-
gories for which DBCP Gs could be calculated. On the other
hand, Dimethoate showed negative Gs for the five risk cate-
gories for which Gs could be calculated. Apparently, the
percent of crop treated influenced risk information within
some pesticides, but not others.

But the overwhelming result for this explanatory vari-
able was that there usually was no variation in the quality
of risk information between pesticide uses. In general,
when there was no variation, the quality of information was

zero. Thus, EPA tended to ignore many aspects of risk.

Findings for Annual Per Acre User Losses. The "annual

per acre user losses" variable was intended to proxy poten-
tial per capita user losses from pesticide cancellation. In
accordance with the Stigler and Peltzman theories, it is
hypothesized that attempts to influence the regulatory
process, and thus the quality of risk information, will
increase as per acre user losses increase.

The results, as shown in Table 5.5, are somewhat more
positive than for the previous explanatory variables. For
all risk categories except persons exposed to spills, there
appears to be some relationship between per acre user losses
and quality of risk information. One good reason for these
results could be that EPA gathers good information to defend
the risk of those pesticide uses with higher potential per
capita user losses. Greater economic benefits presumably

mean fewer restrictions for a pesticide use, unless EPA can



-161-
show a greater likelihood of risk. Another potential ex-
planation which is more in keeping with Stigler and Peltzman
is that pesticide users become more involved in the regula-
tory process as per capita stakes increase, resulting in
better risk information for the uses with higher annual per
acre user losses.

But still, in most cases, there was no variation between
pesticide uses in the quality of risk information. More
often than not, EPA ignored risk variables -~ the quality of
risk information for pesticide uses that could be measured

according to annual per acre user losses was not good.

Findings for Annual Total User Losses. The final explan-

atory variable to describe variation in the quality of
information between uses of a pesticide was "annual total
user losses." This variable is intended to measure the
potential industry-wide impacts of pesticide cancellation.
The hypothesis is that as the aggregate value of a pesticide
use to users increases, the quality of risk information will
increase as pesticide users or their political entrepreneurs
become involved in the regulatory process. It should be
noted that there is a difference between per acre and total
user losses. It is often the case that a low-volume, low
total user losses use of a pesticide has high per acre user
impacts. Examining both variables can provide insight into
whether EPA and pesticide advocates react more to aggregate

or individual economic impacts.
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The results in Table 5.6 are similar to the results for
annual per acre user losses. Based on numbers of pesticides
with primarily positive Gs, there appears to be a positive
correlation between annual total user losses and quality of
information for six of the nine risk categories, and for the
two major categories (consumers and ground applicators). 1In
addition, where there are pesticides with primarily negative
Gs, the negative Gs are almost always in the weakly negative
-.249 to O range.

Again, EPA may seek to obtain better risk information
when it knows the risk findings will be balanced against
high potential benefits of a pesticide use. Likewise, the
pesticide users themselves will encourage better information
if they feel that the information will result in findings of
lower risk. If the latter explanation is true, it appears
that the user groups can overcome any political organization
costs in many instances -- this could reflect the presence
of political entrepreneurs or already-organized user groups.
However, it is possible that organization costs prevented
user groups from having an even larger impact on the quality
of information: hence, the failure to see more positive Gs.

As for all of the other variables, G could not be calcu-
lated in most cases due to no variation between uses in the
quality of risk information. When G could not be calcu-

lated, the quality of risk information tended to be zero.
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Findings For EPA's Risk Ranking. One explanatory vari-

able was used to predict differences in the quality of

information between pesticides, as opposed to uses of a

pesticide. That variable was the relative risk of each
pesticide as measured by EPA's own risk ranking method. The
intent of measuring the correlation between the EPA risk
ranking and the quality of risk information was to test EPA
Office of Pesticide Programs Chief Edwin Johnson's statement
that the quality of the agency's risk-benefit analyses is
determined by a pesticide's relative risk.

Table 5.7 shows the results for this explanatory vari-
able. There were some difficulties in averaging the quality
of risk information across pesticides, mainly because risk
categories were not consistent between pesticides. For
example, gamma could not even be calculated for the ground
applicator risk category, because several of the pesticides
had more than one type of ground applications. Supporting
tables for Table 5.7 can be found in Appendix B (Tables 37
through 44).

The results were a mixed bag. There were five risk
categories showing primarily positive gammas, and two show-
ing primarily negative. Across all risk categories, 25 of
45 positive gammas were in the weakly positive quartile
(.001 to .250). Very few gammas could not be calculated (13
of 78 total gammas). Seven of those 13 occurred in toxicity
and the risk portion of each risk category because only one
pesticide, Dimethoate, was considered to have a risk of

mutagenicity -- therefore, there could be no variance in the
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quality of information. The other five that could not be
calculated under risk from accidents and spills represented
average quality of information of zero across all pesti-
cides.

In short, Johnson's hypothesis is not supported. There
could be several reasons for this. One is that he could be
just plain wrong. Another could be the method of testing
his hypothesis or the data constraints in this research. A
third possibility is that EPA does the best it can in ob-
taining risk information, but it is forced to work under the
technological constraints hampering all risk assessments. A
final explanation could be that risk does drive EPA's in-
formation-gathering process -- within the constraints of
interest group pressure, a la Stigler and Peltzman. Johnson
may be right about the internal workings of EPA, but he may
be less than fully aware of the external constraints on

agency operations.

Summary: Correlation Between Explanatory Variables and

Quality of Information on Risk. In general, the hypo-

thesized relationships between the explanatory variables and
the quality of risk information d4did not hold up well. In
fact, some of the evidence even showed results opposite of
what was expected. And in many cases, the information was
uniformly bad.

Some of the major reasons why these general results may

have occurred include:
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Interest groups, {sacﬁr as pesticide manufacturers
and users, may not want better risk information.
Therefore, they will not try to influence the in-
formation gathering process, other than to try to
sabotage it.
The risk assessment methodology is often more art
than science. This could be one cause of the poor
risk information.
The EPA may not have the necessary budget to obtain
good data. In general, EPA only receives toxicity
data from pesticide manufacturers. Exposure data
are EPA's responsibility, and they can be very
costly to obtain. Even if manufacturers do provide
exposure data, EPA may discount the value of those
data.
Interest groups may prefer to allocate their scarce
resources toward improving benefits information, in
the hope that better information on a pesticide
use's benefits will lead to less stringent regula-
tions. The manufacturers and users may feel that
they have a much better chance of making an impact
on the benefits side than on the risk side. The
results outlined in Chapter 6 would seem to support

this hypothesis.



CHAPTER 6

RESULTS: QUALITY OF INFORMATION
ON BENEFITS OF PESTICIDE USE

The EPA relies heavily on professionals from USDA, state
agencies, and land-grant universities in the preparation of
the benefits analysis. This chapter explores the quality of
the information contained in the benefits analyses, and
provides some insight into the power of different groups to

influence the quality of information.

GENERAL OBSERVATIONS ON EPA'S BENEFITS ANALYSES

Various groups provide input via the comment process and
other informal mechanisms on the benefits of pesticide use.
EPA often uses this input, especially when the groups are
pesticide user groups. Several examples can be cited to
illustrate this point.

In the case of the pesticide Endrin, the agency stated
in position documents that undefended uses of the pesticide
were to be canceled -- the apparent assumption was that if a
use was undefended, there must be no benefits from that
particular use of the pesticide. This, of course, ignores
what Peltzman, Stigler and others have worked so hard to
point out -- that there are costs of using the political

process.
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In the case of Chlorobenzilate, a similar attitude was
present with the use of the pesticide on citrus fruit in
Arizona. Although Arizona citrus growers face similar pest
problems and growing conditions as growers in Texas, EPA
initially canceled Chlorobenzilate use on Arizona citrus,
while retaining its use, with restrictions, in Texas. EPA's
reason for the Arizona decision, as reported in position
document 2/3, was that there must be no benefits of use
since Arizona growers did not respond to a USDA survey on
the subject. Upon protest from USDA and the eventual re-
ceipt of information from Arizona, EPA reconsidered and
decided to allow restricted use of Chlorobenzilate in
Arizona. It is possible that EPA was attempting to appease
groups opposed to Chlorobenzilate by canceling the "use of
least resistance" -- in this case, use by a small group of
producers with potentially high «costs of articulating
preferences to EPA. Only when USDA played the role of
political entrepreneur was the use of Chlorobenzilate on
Arizona citrus salvaged.

Another example of user impact on the regulatory process
involves a small group of users of the nematocide DBCP with
high per capita benefits of use and an already-existing
political organization called the Pineapple Growers Associ-
ation of Hawaii (PGAH). PGAH provided information on the
risks and benefits of DBCP use on pineapple, which EPA used
extensively in its risk-benefit analysis. While many uses

of the pesticide were canceled, the use on pineapple was
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registered with restrictions. Of course, the registration
may have been approved for reasons other than PGAH's dialog
with EPA. This example not only illustrates the potential
influence of a user group on the quality of information in a
pesticide risk-benefit analysis, but it is also a fine
example of an already-organized interest group with access
to the regulatory process.

EPA simplifies its information search by bounding the
problem and the variables to be measured (as pointed out in
Chapter 3). For example, the economic impacts of pesticide
cancellation on pesticide manufacturers are either excluded
or only briefly touched upon in EPA's benefits analysis.
Total compliance with proposed restrictions 1is always
assumed, and "expert opinions" are heavily relied upon as a
source of data. Changes in prices of agricultural products
and in related goods, resulting from pesticide regulation,
as well as changes in prices of inputs other than the pest-
icide, are often dismissed.

As with risk analysis strategies, it is difficult to
estimate the impact of these strategies on the accuracy of
EPA's benefits information. The assumption of total com-
pliance overstates the costs of pesticide regulation, but
this may be compensated for by EPA's failure to quantify the
effects of price changes. Also, EPA has a tendency to
implicitly attribute all potential losses in benefits due to
cancellation to pesticide users without acknowledging that

consumers and pesticide manufacturers will absorb some of
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those losses. This overstates the benefits of pesticide use
to user groups although it does not result in an overstate-
ment of total benefits.

Again, the internal structure of EPA's Office of Pesti-
cide Programs sheds some light on the impacts included in
EPA's Benefits Studies. The Benefits and Field Studies
Division of OPP is responsible for the benefits analyses,
and contains an Animal Sciences and Index Branch, a Plant
Sciences Branch and an Economic Analysis Branch. Figure 6.1

shows what is ideally accounted for by each branch.

THE QUALITY OF EPA'S BENEFITS INFORMATION

Table 6.1 summarizes the quality of information obtained
by EPA for its benefits analyses for the eight case study
pesticides.

The data for the two major benefits categories measuring
changes in pest control costs and value of production were
noticeably clustered around the lower end of the quality of
information scale. Well over half of the variables were
either ignored or only qualitatively mentioned. Another
35.9 percent of the variables were quantified on the basis
of assumptions or, in most cases, expert opinions. Only 6.1
percent of the 773 pieces of data were based on some sort of
study. It is obvious that EPA does not usually rely on or
conduct studies on the benefits of pesticide use.

The prices of goods for which the pesticides are an
input were measured on a different scale than the other

variables. Prices were ignored more than half of the time,
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BFSD Branch
Insecticides/ Herbicides/
Component Rodenticides Fungicides

Current use analysis

EPA registrations of RPARs AsI1B? psBP
and alternatives
Recommendations for use of ASIB PSB
RPAR and alternatives
Use of RPAR and alternatives  EABC EAB
Performance evaluation of RPAR
and alternatives
Pest infestation and damage ASIB PSB
Comparative performance ASIB PSB
evaluation
Use impact analysis EAB EAB
(projected change in use)
Economic impact analysis
Impact on production cost EAB EAB
Impact on volume produced EAB EAB
Impact on consumer prices EAB EAB
Aggregated economic impact EAB EAB
Limitations of analysis EAB EAB

; Animal Sciences and Index Branch.
Plant Sciences Branch.,
Economic Analysis Branch.

Source: Environmental Studies Book Committee on Prototype
Explicit Analyses for Pesticides, Regulating Pesti-
cides (Washington, D.C.: National Research Council,
1980), p. 38.

Figure 6.1 Components of Pesticide Benefit Analysis (for a
given site) and Principal Organizational Respon-
sibilities in the Office of Pesticide Programs
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but when they were not ignored, they were generally based on
some type of a study. However, variation of price with
quality and/or supply of the good was rarely considered.

Finally, several variables were measured on a 0-3 scale.
These variables were either summary variables (changes in
pest control costs, changes in value of production) or else
they were poorly documented so that all that could really be
said was that they were ignored, qualitatively measured or
quantitatively measured. Once again, nearly half of these
variables were ignored. Another 28.3 percent were only
qualitatively mentioned. Only 22.3 percent of the 1459
pieces of data were quantified.

CORRELATION BETWEEN EXPLANATORY VARIABLES
AND THE QUALITY OF INFORMATION ON BENEFITS

This section of the Chapter examines the extent of
correlations, as measured by gamma, between the hypothesized
explanatory variables and the quality of information used by
EPA to assess the benefits of the 86 uses of the eight pest-
icides. There were 244 potential gammas for each explana-
tory variable, but one of two results were found. If there
was no variation in the quality of benefits information
between all uses of a pesticide, gammas could not be calcu-
lated. Otherwise, a gamma within the range of -1 to +1 was
calculated. Of the total 976 potential gammas for four
explanatory variables, 274 of them could not be calculated.

The following tables 6.2 through 6.5 are of the same

format as tables 5.3 through 5.6. Each table represents a
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summary of the correlations between one explanatory variable

and the quality of EPA's benefits data. For each explana-

tory variable one of the tables shows:

o

The numbers and values of the gamma coefficients
that could be calculated for each of five benefits
categories.

The quality of information within each of the five
benefits categories when gamma coefficients could
not be calculated (i.e., when there was no varia-
tion in the quality of benefits data between uses
of a pesticide).

The total potential numbers of gamma coefficients
within each of the five benefits categories.

The number of pesticides for which one or more
gamma coefficients could be calculated for each of
the five benefits categories. Unless otherwise
noted, the number is the total out of a possible
eight pesticides.

The number of pesticides with primarily positive
gammas, primarily negative gammas, and equal

numbers of positive and negative gammas.

The benefits data are delineated according to five bene-

fits categories: changes in pest control costs, changes in

value of production, other socioeconomic impacts, distrib-

ution of impacts, and compliance costs. In the tables, they

are arranged from left to right in decreasing order of

importance in EPA's benefits analyses.
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The same measurement scale used in tables 5.3 through
5.6 was used to describe the values of the gammas that could
be calculated for the quality of benefits data. That scale
is:

-1 to -.750

-.749 to -.500

-.499 to -.250

-.249 to O

.001 to .250

.251 to .500

.501 to .750

.751 to 1
Also, as in tables 5.3 through 5.6, gammas that could not be
calculated due to a lack of variation in quality of benefits
data were designated with "-=", The number in parentheses
shows the quality of benefits information across all uses of
a pesticide that could be measured for a particular explana-
tory variable. The "total possible G" 1line is the sum of
the gammas that could be calculated and those that could
not.

The lower half of each table depicts the number of pest-
icides that showed positive, negative or ambiguous relation-
ships between the explanatory variable and the quality of
information for each of the five benefits categories. The
figures show whether a large number of positive gammas in a
benefits category reflect many positive gammas for one

pesticide, or a positive trend for several pesticides. The
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latter would reflect the kind of correlation hypothesized
for the explanatory variable and the quality of benefits
information.

Once again, Table 5.2 should be used to show the number
of uses of each pesticide that could be measured for each of
the four explanatory variables. Supporting tables for
Tables 6.2 through 6.5 can be found in Appendix B (Tables 45

through 67).

Findings for Value of Pesticide Use to Manufacturers.

The intent of using the value of a particular pesticide use
to the manufacturers as an explanatory variable was to proxy
the likelihood of manufacturers to get involved in the
regulatory process, due to their potential losses from
regulation of the pesticide use. The hypothesis was that
the quality of information would improve as the value of a
pesticide use to the manufacturers increased.

The results shown in Table 6.2 seem to support this
hypothesis. For all of the benefits categories except
"compliance costs," a majority of the gammas could be cal-
culated. When there was no variation in the quality of
benefits information and G could not be calculated, the
predominant quality of information ranged from three (expert
opinion) for the major category of "changes in pest control
costs" to zero (ignored) for the minor categories of "other
socioeconomic impacts" and "distribution of impacts.”

Most pesticides for which gamma could be calculated

showed predominantly positive gamma coefficients across all
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five risk categories. Only three pesticides ever showed
primarily negative or equal numbers of positive and negative
gammas: Endrin, Amitraz and Silvex. For Endrin, only 3 (of
a possible 11) uses could be measured according to value to
manufacturer. Amitraz and Silvex each had only two measur-
able uses. So all of the pesticides with larger numbers of
measurable uses, including Dimethoate and DBCP with 24 and
17 measurable uses respectively, showed primarily positive
gammas across all five benefit categories.

If these results occurred because pesticide manufac-
turers are able to influence the regulatory process, then
manufacturers must be convinced that improving benefits
information will help them achieve more favorable regulatory
outcomes for high-value uses of a pesticide. But there
could be other reasons for the correlation between value to
manufacturers and quality of benefits information. One is
that benefits information is easy to obtain, relative to
risk information, and so EPA chooses to expend its limited
resources on good benefits information for higher-value
uses. This does not seem likely if EPA is serving as a
political entrepreneur for risk-bearers; in that case, the
agency would probably want to avoid extensive information on
benefits. However, USDA's control over the benefits analy-
ses may have some impact on what EPA would like to see. A
second alternative explanation for the positive correlation
is that better benefits information may already be developed

and available for the higher-value uses.
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Findings for Percent of Crop Treated. The explanatory

variable "percent of crop treated" was intended to proxy the
number of users of a pesticide that would be affected by a
regulatory action. The hypothesis was that the quality of
benfits information would improve as the number of users
increased, because political entrepreneurs (namely, USDA and
user groups) would become more active in the process if a
greater proportion of their constituencies were affected.

Table 6.3 shows the results of the empirical testing of
this hypothesis. The results support the hypothesis except
in the "other socioeconomic impacts"™ benefits category. 1In
that category, there are equal numbers of positive and nega-
tive gammas, and equal numbers of pesticides with primarily
positive and primarily negative gammas. For all five of the
benefits categories, the pesticides with primarily negative
Gs and equal numbers of positive and negative Gs range from
Dimethoate (20 measurable uses) to 2,4,5-T and Amitraz (2
measurable uses). They are not exclusively the two and
three measurable use-pesticides, as is the case for the
value of use to manufacturers explanatory variable.

Once again, a majority of the possible gammas can be
calculated in all benefits categories except for the "com-
pliance costs" category. And once again, the quality of
information ranges from zero to three when gamma cannot be
calculated.

The same types of alternative explanations described in

the last section could explain the correlation for this
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Table 6.3 Summary of Correlations Betwesn Quality of Benefits Data and Peromnt of Crop Treated

Rmber of Gassa (Mmbers in parentheses dencte lower range figures)

Yalue of Changes in Fest Changes in Value Other Socio- Distribution Compliance
G Control Costs of Production Economic Impects of IDmpacts Costs

«1.0 to -.750 4 (4) 9 (9) 2 (2) 2 (2) o

-.749 to -.900 0 (0) 0 (0) 1) 1) o

-.499 to -.29% 2 (2) S (S) 4 (3) 3 (3) 1

-.249 to O 1) 2 (2) 4 (4) 1 (1) 0

.001 to .250 S (4) 14 (11) 1 (2) 4 (4) 1

251 to .500 10 (14) 9 (13) 4 (4) 4 (e) o

301 to .790 8 (6) S (S) 2 (2) 2 (1) o

751 to 1.0 16 (15) 19 (18) 4 (¢) 6 (7) 1

Subtotal «® a 2 2 3

- (8) 0

- (7) 0

-— (6) 0

- (5) o (4]

— (4) 0 0

- (3) b7 ) 9 2 2 2

- (2) 0 0 o 0 0

- (1) 1 2 2 4 4

- (0) 1 4 14 11 3

- (?) 10 2 o 0o o

Subtotal 26 17 18 17 9

Total Fossible G 72 80 40 0 12

Mmber of Pesticides
for which G could
be calculated 8 8 7 8 20of a
pos. 6

wvith prisarily

positive G's L] 6 3 L 1

vith primarily

negative G's 1 2 3 2 (o}

vith erml mmbers

of positive &

negative G's 2 (] 1l 1 1
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explanatory variable. First, the hypothesized relationship
could be true. Second, EPA (or USDA) may decide on its own
to pursue good information for those uses with a high pro-
portion of users. Third, better benefits information may

already be available for the high percentage uses.

Findings for Annual Per Acre User Losses. The "annual

per acre user losses"™ explanatory variable was intended to
be an approximate measure of per capita user losses. The
hypothesized relationship is that the quality of benefits
information will improve as per capita losses increase,
because individual users will have more at stake and will
therefore attempt to influence the regulatory process.

Table 6.4 summarizes the empirical results. The results
are similar to those in Table 6.2 for the value of a pesti-
cide use to manufacturers, but they are even more positive
in the two major benefits categories, "changes in pest
control costs" and "changes in value of production.”™ A
majority of the Gs that can be calculated are positive for
all five categories, and most of those are .251 or greater.
In addition, most of the pesticides for which one or more
gammas can be calculated show primarily positive gammas
across all benefits categories. When pesticides do show
primarily negative or equal numbers of positive and negative
gammas, they usually either have few measurable uses or few
measurable gammas, or both.

As for the previous two explanatory variables, a major-
ity of the possible gammas cannot be calculated for “compli-

ance costs." Also, most gammas can't be calculated for
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‘Table 6.4 a—yamumdwmumnuum
w«a—(wmmmmmm)

Yalue of Canges in Fest Changes in Value Other Socio- Distribution W
(] Control Costs of Production Sconomic Impacts of Impacts

=1.0 to -.750 2 (2) 7 (7) 2 (1) 1 (1) - 0(0)

-.749 to -.500 0 (o) . 0 (0) 0 (2) 0 (0) 0 (0)
.499 to =.250 0 (1) 2 (1) 1 (0) 1 (0) 0 (1)

-.249 to 0 1 (0) 3 (2) 4 (4) 4 (8) 0 (1)
.001 to .250 S (2) 9 (6) 2 (2) 2 (2) 0 (0)
251 to .500 9 (11) 18 (14) S (S) 2(9) 1 (0)
.501 to .750 7 (1) 8 (17) 1 (2) 3 (3) 1 (0)
+751 to 1.0 M (21) 17 (14) 8 (7) 6 (3) 1Q)

Subtotal 48 a 3 19 3

-— (8)

- (7)

-— (6)

- (3) 1 1

- (4) o o

- (3) 14 9 2 2 2

- (2) o [+) 0 0 0

- (1) 0 3 2 8 4

- (0) 1 2 13 1 3

- (2) 8 4 o 0 o

Subtotal 24 19 17 21 9

Total Fossible G 72 80 4 40 12

Wmber of Pesticides
for which G could

be calculated 8 8 7 7 20of a
pos. 6
wvith primecily
positive G's 6 6 L] S 1
with primarily
negative G's 1 2 2 0 o
wvith el mmbers
of positive &

negative G's 1l [} (] 2 1l
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"distribution of impacts."™ The quality of information when
gamma cannot be calculated ranges from zero (ignored) to
five (quantitative point estimate based on a study or pub-
lished data).

The fact that there was a strong positive correlation
between the proxy for per capita user losses and the quality
of benefits information lends credence to the Stigler/

Peltzman theory that per capita economic impacts motivate

individuals to organize in an effort to affect regulatory
outcomes. Although the existence of the positive correla-
tion does not prove that (or any of the other) hypothesis,

it certainly supports the theory.

Findings for Annual Total User Losses. The last vari-

able used to explain variation between uses of a single
pesticide was "annual total user losses." This variable was
meant to describe the aggregate annual losses for all users,
as compared to the "per acre user losses" variable intended
to capture individual user losses. The relationship between
total user losses and quality of information was expected to
be a positive one, reflecting the expected participation of
pesticide users (or their political entrepreneurs) in the
regulatory process as potential economic losses increase.
Table 6.5 shows that, again, most gammas could be calcu-
lated except for compliance costs and distribution of
impacts. When gamma could not be calculated, the quality of
information ranged from zero to five. 1In the two major

categories, changes in pest control costs and changes in
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Table 6.5 mammmqamumumwuuq_
Mmber of Gamma (Mmbers in parenthssss dencte lower range figures)

Value of Changes in Pest Changes in Value Other Socio- Distribution m
G Control Costs of Production Boonomic Impacts of Impacts

«1.0 to -.750 2 (2) 7 (7) 0 1Q) o

=749 to -.300 0 (0) 0 (0) 1 1Q) o

-.499 to -,250 0 (0) 2 (2) 2 0 (0) o

-.249 0 0 0 (0) 2 (2) 4 3 (3) (]

.001 to .250 4 (3) 4 (3) 2 1 (2) (]

«251 to .500 9 (12) 13 (14) L] 3(S) 1

+501 to .750 8 (3) 10 (7) 3 4 (1) [}

.751 to 1.0 a (22) | 18 (19) 4 S (S) 2

Subtotal “ 56 a 18 3

- (8) o

- (7) 0

-— (6) 0

-— (3) 1 1

- (4) 0 0

- (3) 18 12 3 3 2

- (2) 0 0 0 0 0

- (1) o 3 3 8 4

- (0) 1 4 13 1 3

- (?) 8 4 0 0 0o

Subtotal 28 ) 19 2 9

Total Possible G ) P © © © 12

Number of Pesticides

for which G could

be calculated 8 8 7 7 2cof a
pos. 6

with primarily

positive G's [ 6 4 L] 2

with primarily

negative G's (o] 2 1 1 (o]

with equal numbers

of positive &

negative G's 2 (] 2 1 0o
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value of production, the quality of information was usually
three (expert opinion) or better when gamma could not be
calculated due to no variation between uses. But in the
three minor categories, the quality of information was
usually zero (ignored) or one (qualitative measurement).

The results for gammas that could be calculated were
similar to those for per acre user losses in Table 6.4.
Gammas were usually positive for all five benefits cate-
gories, and most pesticides showed primarily positive
gammas. At first blush, the correlation summarized in Table
6.4 for per acre user losses appears to be stronger. But
when one looks at the two major benefits categories, which
far outweigh the three minor categories in terms of EPA's
time and the importance of the information to the regulatory
process, the annual total user losses variable appears to
have slightly greater explanatory power. The pesticides
with primarily negative gammas and equal numbers of positive
and negative gammas in the two major benefits categories
were Amitraz and 2,4,5-T, both of which had only two measur-
able uses for annual total user losses.

This result does not quite match the Stigler/Peltzman
theory that per capita economic stake determines attempts to
influence the regulatory process. But one possible explan-
ation for the slightly stronger explanatory power of
aggregate user losses is that USDA and already-existing user
groups are political entrepreneurs for pesticide users.

These political entrepreneurs may be more sensitized to
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react to an aggregate figure reflecting losses to all users,

rather than data on individual impacts.

Findings for EPA's Risk Ranking. Once again, Edwin

Johnson's statement that the risk of a pesticide drives the
regulatory process was tested. In order to test the hypo-
thesis, EPA's risk ranking for each pesticide was used as
the explanatory variable. The quality of benefits informa-
tion for a pesticide was measured by averaging the in-
formation quality across all uses of the pesticide.

The results of this test can be found in Table 6.6.
Averaging the quality of information data across uses was
easier for benefits than for risk, so the benefits results
are probably somewhat more reliable. Supporting tables for
Table 6.6 can be found in Appendix B (Tables 69 through 73).

To put it simply, there was absolutely no indication the
Johnson statement holds true for benefits information. All
of the possible gammas could be calculated, and most of them
were negative. The negative gammas were clustered around
the two least negative ranges for gamma (-.249 to O and
-.499 to -.250).

None of the five benefits categories showed primarily
positive gammas -- the two major categories were very pre-
dominantly negative and the three minor categories showed
equal numbers of positive and negative gammas.

This is a very interesting result. It makes sense that
Johnson's statement would test out to be true, given the

strong correlations already shown between interest group
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Table 6.6 Summary of Correlations between EPA's Pesticide Risk Ranking and the
Average Quality of Benefits Information

Number of Gammas

Changes Changes in Other
in Pest Value of Sociceconomic Distribution Compliance
Value of G Control Costs Production Impacts of Impacts Costs
1.0 to -.750 0 0 0 o0 0
-.749 to -.500 1 3 o 1 (o)
-.499 to -.250 5 3 1 0 1
-.249 to O 3 2 2 2 o
.001 to .250 o 2 o 1 (0]
«251 to .500 o o o (o 1
501 to .750 (o) (o) 2 o (o)
«751 to 1.0 o 0 (o} 1 (o)
— 0 0 o] o 0
' Total Possible G 9 10 5 5 2
Primary Sign of Gammas .
positive
negative x x

equal number
of positive and
negative x x x
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"propensity to participate” and the quality of benefits
information. But why the negative results for the two major
risk categories? Could it be that interest groups are
pragmatic, and decide not to put as much pressure on EPA's
benefits analyses when pesticide risk is high?
Participation in the regulatory process can be costly, so it
would be wise of the interest groups (and their political
entrepreneurs) to save their scarce political and economic
resources for pesticide regulatory processes where they

think they can win.

Findings for All of the Explanatory Variables and EPA's

Decisions on Pesticide Registration. The ultimate goal for

interest groups trying to affect the regulatory process is
obtaining a favorable pesticide registration decision from
the EPA. Table 6.7 summarizes the correlation between EPA
decisions and the four variables used to explain variation
between uses of a pesticide. A supporting table for Table
6.7 is found in Appendix B (Table 68). The results bode
well for the interest groups and ill for the EPA.

Decisions varied between measurable uses for only four
of the eight pesticides, so the "decision-explanatory vari-
able" gamma could only be calculated for those four (DBCP,
Amitraz, Endrin, Chlorobenzilate). When decisions did not
vary, all uses were registered with restricted use or sent
to administrative hearings.

When gamma could be calculated, it was virtually always

positive, indicating a positive relationship between the
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Table 6.7 Summary of Correlations between EPA Pesticide Registration Decisions
and Pour Explanatory Variables

Number of Gammas
(Numbers in parentheses denote lower range Gs)

Explanatory Variable:

Value of Use to Percent Annual per Acre Annual Total

Value of Gamma Manufacturers Crop Treated User Losses User Losses
-1.0 to -.750 (o] 0 (0) 0 (0) o
-.749 to -.500 o] o (o) 0 (0) o
-.499 to -.250 0 0 (0) 0 (0) 0
-.249 to O 1 1 (0) 0 (0) 1
.001 to .250 0 0 (0) . 0 (0) o
«251 to .500 1 ' 0 (lj 1 (2) (o)
.501 to .750 0 1 (1) 2 (1) 1
«751 to 1.0 2 2 (2) 1 (1) 2
s 4 4 (4) 4 (4) 4
Total Pb.liblo G 8 8 8 8

Number of Pesticides
(Numbers in parentheses denote lower range Gs)

for which G could

be calculated 4 4 (4) 4 4
with positive G 3 3 (4) 4 3
with negative G 1 1 (0) 0 0
withG =0 o 0 (0) o 1
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four explanatory variables and EPA decisions. For example,
the data show that as the value of a pesticide use to the
manufacturers increases, EPA is more likely to fully regis-
ter that use in three of the four pesticides for which gamma
could be calculated.

The apparent success of pesticide manufacturers and
users in influencing EPA's decisions is further emphasized
by the gamma calculated to show the correlation between
EPA's pesticide risk rankings and the average decisions made
for each pesticide. That gamma was calculated to be -.368,
indicating that the more risky pesticides, determined by

EPA's own standards, are not the most regulated pesticides.

Summary: Correlation Between Explanatory Variables and

Quality of Information on Benefits. The differences between

the empirical results for risk and benefit information are
like night and day. For some reason, the empirical results
in this reseach indicate that pesticide manufacturers and
users seem far better able (or willing) to affect EPA's
benefits analyses than its risk analyses. Some of the
reasons for this disparity in results might include:

o Pesticide users and manufacturers want risk infor-
mation to remain as incomplete and vague as pos-
sible, because they do not think they will be able
to rebut EPA's preliminary risk findings.

o EPA serves as a political entrepreneur for risk
bearers, and so has managed to insulate itself from

user and manufacturer pressure to improve exposure
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and risk data for the most important use of a
pesticide.

o Pesticide users and manufacturers have decided to
channel their 1limited political and financial
resources toward the benefits side of the equation,
because they feel that they can accomplish more by
improving benefits information.

o USDA (and perhaps some well-organized user and
manufacturer groups) serves as a political entre-
preneur for pesticide users, and possibly manufac-
turers. Since USDA seems to oversee the benefits
analysis, it channels RPAR resources into good
benefits data for the most important pesticide
uses.

The empirical results also indicate that EPA's pesticide
risk ranking does an ambiguous job of explaining the varia-
tion in the quality of risk data between pesticides, and a
terrible job of explaining the variation in the quality of
benefits data. Why is this so, when Edwin Johnson so con-
fidently claims that risk drives the information gathering
process? Again, there are several possibilities. Johnson
may s8imply be wrong. Or perhaps some flaw in the empirical
work has resulted in arguable findings. A third possibility
is that Johnson perceives that risk drives the process from
his perch within the agency. But maybe EPA's pesticide reg-
ulation is really driven by external constraints including

interest group pressure, and the process is only driven by
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risk within those constraints. 1In the case of benefits, the
USDA-pesticide user liaison may be so powerful that it
overshadows EPA's internal constraints.

In summary, the strong correlation between the explana-
tory variables and the quality of benefits information does
not necessarily prove that interest groups affect EPA's
information search during pesticide regulation. But the
empirical results certainly lend a good deal of support to

various theories of interest group power.



CHAPTER 7
CONCLUSIONS
OVERVIEW OF RESEARCH

In a broad sense, this research was an effort to gain
some insight into EPA's regulation of pesticides. The
specific objective, as noted in Chapter 1, was to provide
systematic, empirical information about EPA's information-
gathering activities in the Rebuttable Presumption Against
Registration (RPAR) process. The quality of EPA's risk and
benefit information was empirically described, and hypo-
theses on interest group pressure were tested.

To briefly review the structure of this thesis, theories
of regulatory decision making and a conceptualization of
pesticide risks and benefits were described in Chapters 2
and 3. In Chapter 4, the methodology for the empirical work
was outlined. Scales were developed to depict the quality
of various pieces of risk and benefit information for each
use of each pesticide. EPA documents were used to measure
the quality of information variables, which served as the
dependent variables in the research. Explanatory variables
were also quantified from EPA documents. Four of the ex-
planatory variables measured the incentive for pesticide
users or manufacturers to become involved in the regulation

of a pesticide use; the fifth ranked the eight case study
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pesticides according to EPA's own determination of risk in
an effort to explain differences in the quality of informa-

tion between pesticides. Thus, correlations between the

four "interest group" explanatory variables and quality of
information were measured for each pesticide, while the EPA
risk ranking variable was used to explain variation across

all of the pesticides.

SUMMARY OF RESULTS

The results of the empirical work can be found in Chap-

ters 5 and 6. There were four major findings:

o All five explanatory variables showed mixed results
when correlated with the quality of risk informa-
tion. The variables could not be considered to be
highly correlated with the quality of risk infor-
mation in either a positive or a negative way.

o The four "interest group" variables (value of
pesticide to manufacturers, percent of crop
treated, per acre user losses, and total user
losses) showed positive correlations with the
quality of benefits information. The strongest
showings came from the per acre user losses and
total user losses variables, intended to proxy the
per capita losses and industry-wide losses from
pesticide cancellation. The EPA pesticide risk
ranking variable showed positive and negative
correlations with the quality of benefits infor-
mation, so the relationships could not be deter-

mined.
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EPA failed to measure or even mention many of the
risk and benefits variables. When risk data were
quantified, the sources tended to be assumptions,
expert opinions, or studies of other pesticides
instead of studies of the pesticide in question.
For benefits data, there was a great reliance on
expert opinions and assumptions. EPA usually
quantified the major risk and benefit categories,
such as consumer and ground applicator exposure and
risk, changes in pest control costs, and changes in
value of production. But the remaining categories
were generally ignored or only qualitatively men-
tioned. Overall, EPA's information was not good
and risk information was poorer than benefits
information.

It appears that interested parties were able to
affect EPA's decisions. The four "interest group"
variables did a good job of explaining EPA's de-
cisions. As the economic stake of users and manu-
facturers for a particular pesticide use increased,
so did the 1likelihood of an EPA decision to reg-
ister or conditionally register that use. It seems
that pesticide users and manufacturers were able to
obtain decisions that minimized their 1losses,
possibly at the expense of risk bearers (especially
given that a negative correlation exists between
stringency of decisions and EPA's pesticide risk

rankings.)
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ANALYSIS OF RESULTS

Value Judgments in Pesticide Regulation. There are many

assumptions made, but not highlighted, in EPA's risk-benefit
analysis. Some of these value judgments were carried over
into this research in order to analyze EPA's activities.
The first that comes to mind is the definition of benefits,
costs (subtracted from benefits to obtain net benefits) and
risk. EPA's definition of these parameters affects the
issues addressed, how they are measured, and ultimately, how
those issues are resolved. But perhaps more importantly,
this definition of net benefits and risk assumes a particu-
lar distribution of property rights. It is usually the
status quo distribution of rights that is assumed by EPA as
a gauge to measure net benefits and risk, and this assumes
that the status quo is the best set of rights.

Other value judgments used by EPA in its analysis in-
clude assumptions necessary to quantify human risk and to
judge the acceptability of that risk. As Wessel (1980)
suggests, science itself is valueless, but the use of
science requires value judgments.

On the net benefits side, EPA makes a value judgment as
soon as it aggregates user losses from pesticide regulation
(or disaggregates into per acre user losses). Assuming that
additional dollars are of equal value to all pesticide users
or that average per acre losses even begin to reflect indi-

vidual differences makes the analysis far less predictive of



-198-

real human impacts. In addition, EPA often fails to con-
sider the value or distribution of certain economic impacts.

These value judgments are necessary for EPA to simplify
its analyses, or for technical reasons. However, the fail-
ure to acknowledge the assumptions can be misleading to
participants in and students of the agency's regulatory
process.

Correlation Between Variables. One of the most striking

results in the empirical work was the lack of correlation
between the "interest group" explanatory variables and the
quality of risk information, and the strong correlation of
the variables with the quality of benefits information. At
first glance, the benefits results are consistent with the
hypothesized relationships, but the risk results are not.
However, when considering the characteristics of EPA's
regulatory process, the risk results may not seem so incon-
sistent after all.

The EPA is largely responsible for the preparation of
the risk analysis. Although there is a great deal of re-
liance on outside research to estimate exposure and toxi-
city, it is still up to the EPA to choose which information
to use and how to compile it into a risk analysis. A dif-
ferent group of players has responsibility for the benefits
analyses. USDA and land-grant university specialists team
up with EPA economists to obtain the data for the prelim-
inary benefits analyses. USDA seems to have primary

responsibility for the analyses, which end up as fairly
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polished USDA publications. For the case study pesticides
for which they were published, the benefits analyses were
used virtually verbatim in EPA's final position documents.

One of the theorists cited in Chapter 2, James Q.
Wilson, refers to the participation of "political entre-
preneurs" in the regulatory process. EPA appeared to assume
this role in representing risk bearers for the eight case-
study pesticides. Because of this agency role, EPA was
expected to have some control over the amount and quality of
risk data. The results seem to show this by reflecting no
relationship between pesticide users' and manufacturers'
incentives and the quality of risk information.

Another possible explanation for the risk results is
that the hypotheses may not have accurately reflected the
relationship between better risk information and regulatory
outcomes favorable to pesticide users and manufacturers. In
fact, manufacturers and users may have felt that better
information would be harder to challenge, and would lead to
greater restrictions on pesticide use.

The theories and hypotheses in Chapter 2 seemed to
adequately explain the quality of benefits information. 1In
fact, the relationships between per acre user losses and
total user losses and the quality of benefits data may have
been especially strong because the USDA served as a politi-
cal entrepreneur for pesticide users. USDA and state agri-
cultural experts provided most of the benefits information,

and there is no doubt that their constituencies were made up
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of pesticide users. And EPA's allegiance to pesticide users
seemed to decline with the quality of benefits information,
as was demonstrated for Arizona citrus growers using Chloro-
benzilate and the minor Endrin uses. Thus, there was a real
incentive for pesticide users and their political entre-
preneurs to provide good benefits information.

The fact that EPA's pesticide risk ranking did not
correlate positively with the average quality of risk and
benefit information does not conflict with the hypotheses at
all -- it simply suggests that EPA does not have complete
control over the regulatory process. In fact, based on the
results for the other four explanatory variables, it appears
that pesticide users and manufacturers have greater control
over the benefits information. The quality of risk informa-
tion did show a slightly greater correlation with EPA's risk
ranking than the benefits information, which indicates that
EPA is better able to influence risk information.

Finally, there was a strong positive correlation between
the four "interest group"™ explanatory variables and EPA's
pesticide registration decisions, meaning that a pesticide
use was more likely to be fully registered as its importance
to manufacturers and users increased. But for the EPA
pesticide risk ranking variable, EPA restrictions increased
as risk decreased. This suggests that it is pesticide users
and manufacturers who determine regulatory outcomes. EPA
may be able to influence the quality of risk information to

a very small degree, but the quality of benefits information
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appears to be influenced by interest group politics. More
importantly, so do pesticide decisions, which are the reg-

ulatory bottom line.

EPA: Vote-Maximizer or Budget-Maximizer? 1In Chapter 2,

there were several hypotheses on the expected differences in
results if EPA was a vote-maximizing or budget-maximizing

agency. This section addresses those hypotheses.

Predicted results for vote-maximizing agency.

1. Does costly information found in EPA's position
documents support powerful groups? The risk information
obtained by EPA did not appear to support pesticide users or
manufacturers who are most likely the politically powerful
groups. On the other hand, benefits information did appear
to support those groups. However, since EPA prepared the
risk analysis but not the benefits analysis, the answer to
this question must be no, contrary to what would be expected
if EPA were a vote-maximizing agency.

2. Did EPA's assumptions favor powerful groups? In
general, the answer would again have to be no. Risk assump-
tions tended to be worst cases, which certainly do not favor
pesticide manufacturers and users. When benefits data were
unknown, the impacts were usually ignored, resulting in
lower benefits estimates. There were some notable excep-
tions: the failure to account for dietary exposure in most

non-consumer risk categories, and assumptions of total
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compliance with proposed regulations. But in most cases,
the assumptions did not favor the powerful groups.

3. Was there some information favoring opposing
groups? Although we would expect otherwise if EPA was a
vote-maximizer, risk information almost always seemed to
favor risk-bearers. Risk bearers would not be expected to
be powerful because of uncertainty of risk and high organi-
zation costs, yet EPA ignored most toxicity and exposure
information reflecting lower risk.

4, Were there assumptions or costly information favor-
ing opposing groups? Again, the answer is yes, even though
the vote-maximizing theories would suggest otherwise. EPA
often made assumptions favoring risk bearers. Examples
included using the one-hit model to determine risk and
assumptions of tolerance levels when residues in food could
not be found.

Based on the answers to these four questions, it would
be hard to claim that EPA maximized votes during its infor-
mation search. However, the final pesticide registration
decisions may have been a different story, since they seemed

to favor the powerful groups.

Predicted results for budget-maximizing agency.

1. Did EPA challenge information from powerful groups?
EPA definitely expended a great deal of energy and resources
in challenging pesticide manufacturers' risk rebuttal infor-
mation. On the other hand, EPA did not generally challenge

information showing extensive benefits of pesticide use.
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2. Did EPA's assumptions favor its role in regulating
pesticides? Certainly some of the risk assumptions, such as
assuming maximum allowable residues in food crops and using
conservative "one-hit" risk models, resulted in higher risk
estimates and a stronger role for EPA in pesticide regula-
tion. EPA's own rules in triggering and implementing the
RPAR process also seemed to protect that role, requiring
toxicity (but not exposure) information to initiate the
process, challenging manufacturer's toxicity data, and
requiring manufacturer benefits of pesticide use to be
ignored.

3. Did EPA expend resources to obtain information to
protect its role? In general, EPA did not conduct its own
studies -- the agency usually relied on risk data from
government or academic studies or pesticide manufacturers,
exposure data from studies of other pesticides, and benefits
data from USDA. However, EPA definitely spent a lot of time
and money on the RPAR process, which is structured to
strengthen EPA's role in pesticide regulation.

4. Did EPA force powerful groups to provide pro-EPA
information or make it costly for them to provide anti-EPA
information? The great bulk of the toxicity data, which
incriminated the pesticide and triggered the RPAR process,
was provided by pesticide manufacturers so that they could
register a chemical. Information to dispel preliminary risk

findings was costly for manufacturers because it had to be
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provided in the adversarial rebuttal process. And informa-
tion on the benefits of pesticides to manufacturers was
almost infinitely costly since it could not be considered in
the RPAR process. However, information on benefits to
pesticide users appeared to be relatively easy to inject
into the RPAR process, in spite of the fact that this type
of information challenged stringent pesticide regulations.
Again, this could have been a result of EPA's lack of con-
trol over the benefits analyses.

These four indicators suggest that EPA might have been a
budget-maximizing agency during the information gathering
stage of the RPAR process. The regulatory program appeared
to be structured in a way that supported a role for EPA in
pesticide regulation.

Summary: EPA Incentives and Recommendations to Achieve

Change. If budget maximization is one of the goals that
drives EPA's requlation of pesticides, operating within the
constraints of 1limited agency resources 1is certainly
another. Knowledge of these two agency goals, and of the
impact of pesticide producers, users and risk-bearers on the
attainment of these goals, can help in designing the regu-
latory program to achieve different results.

If EPA strives to obtain better information for higher-
risk pesticides, as Edwin Johnson intimates, then the agency
should 1look at mechanisms to improve risk information (if
that information shows higher risk) and ways of increasing

the relative power of risk-bearing groups.
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Since EPA's constituency for purposes of justifying its
budget requests is probably risk-bearing groups, the goal of
budget maximization 1is consistent with dedicating more
resources to high-risk pesticides. This is evidenced by the

answers to the questions in the previous section. The

problem is not EPA's intentions: it is the financial and -~

political constraints of regulatory life. Changing those
constraints is not easy. It would involve attempts to
obtain more funding for toxicity and exposure studies con-
ducted within the EPA or by another agency. Alternatively,
existing law could be amended to require pesticide manufac-
turers to provide more data.

Increasing the relative power of risk-bearing groups
could take the form of reducing the organization costs of
such groups (i.e., subsidizing and encouraging the formation
of groups) and reducing the costs of articulating risk-
bearer preferences in the regulatory process (e.g., sur-
veying risk-bearers, collecting better exposure data, hold-
ing public hearings in areas where the pesticide is heavily
used). Another way to increase the relative power of risk-
bearers is to decrease the power of adversarial groups, such
as pesticide manufacturers and users. USDA is doubtless the
primary voice for pesticide users, and it appears that this
role prevents EPA from achieving more stringent regulation
of higher-risk pesticides. As a result, EPA could re-
evaluate its relationship with USDA. In general, reducing
opportunities to voice concerns will decrease the political

clout of pesticide users and manufacturers.
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THE ROLE OF INFORMATION:
IMPLICATIONS FOR ECONOMIC POLICY ANALYSIS

The bottom line for participants in the RPAR process is
their impact on the decision and ultimate outcome of the
process. Given that pesticide users and manufacturers
apparently affect the quality of benefits information and,
to a lesser extent, risk information, how does this trans-
late into an impact on decisions?

There are a couple of general statements that can be
made about EPA's pesticide decisions. Once an RPAR has been
issued, EPA is unlikely to fully register a product, because
a decision outcome is needed which justifies the time and
resources expended on the decision-making process. Also,
even the best information does not point to a clear decision
for EPA. The risk of pesticide use is too uncertain for a
calculation of the net benefits of alternative policies.
Even if net benefits could be calculated, there is no reason
to believe that EPA would find the answer, or the assump-
tions on which it is based, politically acceptable. It was
pointed out in Chapter 2 that EPA may have goals other than
maximizing some normative measure of net social welfare.

Given these two general conclusions, can information
influence decision outcomes? It is evident from reading the
position documents that the risk-benefit information does
help to determine outcomes. The information helps EPA deter-
mine who is at most risk, who benefits the most, which
methods of application cause the most exposure, and other

characteristics of pesticide use. This is of use in helping
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EPA to develop alternative courses of action and choose
between them. Risk-benefit analysis then, helps the EPA to
clarify issues and determine effective risk-reduction poli-
cies. This explains the efforts of different interest
groups to provide risk and benefit information.

To some extent, information may also be used as a justi-
fication for previously-made decisions. Decisions in the
RPAR process are predetermined in the sense that once an
RPAR is issued, there is almost always an implicit decision
to restrict the pesticide to some extent. As a result, much
of EPA's information search is devoted to sustaining risk
findings. But this does not negate the conclusion that the
specifics of the regulatory alternatives, and to some degree
the choice between those alternatives, are determined by
risk and benefit information rather than vice versa.

In support of that conclusion, there was a strong corre-
lation between the explanatory variables and EPA's deci-
sions, as described in Table 6.7 in Chapter 6. Larger
values for the explanatory variables resulted in fewer
restrictions, with the exception of the EPA pesticide risk
ranking variable. That variable showed a substantial nega-
tive correlation with EPA decisions (i.e., as risk in-
creased, restrictions decreased), once again indicating that
the RPAR process is not driven by EPA's perception of risk.

Some students of regulation have proposed the theory
that regulation is just a facade -- that it actually pro-

tects the regulated by preventing more stringent regulation.
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While the results of this research, taken out of context,
may support such a theory, the reality appears to be some-
what different. EPA does not appear to be working for
pesticide manufacturers and users. Instead, it appears that
these groups and their political entrepreneurs simply "out-
muscle" EPA and risk-bearers in the regulatory process.
Although EPA's regulatory style is severely cramped by the
regulated, it seems to be neither the goal of the agency nor
the intent of the regulatory design to protect pesticide
manufacturers and users. Likewise, the very presence of EPA
and organized risk-bearers no doubt tempers the style of the
regulated groups. Information on risk does impact regula-
tory outcomes, and as Peltzman suggests, the regulated
groups do not get everything they want from the regulatory
process.

In summary, there is a use for risk-benefit information
in pesticide regulation. Although decisions do not fall out
of the risk-benefit information, the information does pro-
vide some guidance to EPA on how to reduce risks. This is
not the extensive role for information envisioned by many
policy analysts, but it does seem to result in risk reduc-
tion and improved public safety.

IMPLICATIONS OF FINDINGS
FOR PROPOSED REGULATORY REFORMS

The Bush Task Force Reforms. There have been rumblings

in Washington, ever since the Reagan administration took

/ﬂ

-
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office, of implementing a major overhaul of the RPAR pro-
cess. The most concrete proposals emanated from directives
from Vice President George Bush's task force on regulatory
reform. A new "Special Review" process has been proposed.
The name change is the smallest difference between the
current and proposed processes.

Some of the major changes include:

o Notifying pesticide manufacturers before the pro-
cess begins, and utilizing their input to determine
which uses (as opposed to all uses) should be re-
viewed. EPA would continue to review the critical
minor uses, apparently because it is recognized
that manufacturers would have 1little interest 1in
defending those uses.

o Relying on manufacturers for exposure data.

o Attempting to negotiate use restrictions after ex-
posure data were obtained.

o If no solution was reached, and if EPA's top man-
agement agreed that the risk exists, the Scientific
Advisory Panel would review the risk data, and USDA
would review and comment on a benefits analysis
prepared by manufacturers.

o Assuming that the special review continued, nego-
tiations would be initiated between EPA and the
manufacturers to try to reach a risk-reducing

solution.
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o Only if negotiations failed would a USDA benefits
analysis and EPA document outlining regulatory
options be prepared, with USDA, SAP and public
comment.

le) Additional negotiations, with a final decision doc-
ument if negotiations failed.

o Relying on risk assessments from other ;gencies and
offices when possible.

o Revising RPAR "risk triggers" to account for expo-
sure and negative studies, with the effect of
making it more difficult to initiate the special
review.

Based on the results of this research, how do these
proposed reforms affect the process and the role of interest
groups in the process? EPA makes it clear that the reforms
are intended to allow more negotiated settlements, reduce
paperwork, and otherwise streamline the process. But this
also means less power for interest groups other than pesti-
cide manufacturers and less public scrutiny of the process.
Research such as the type contained in this thesis would
probably be precluded, since there would be no paper trails.

Giving pesticide manufacturers control over exposure
data would undoubtedly change the outcome of the process.
Whereas the quality of risk information was shown to be
poorly correlated with the value of the pesticide to
manufacturers, this would almost certainly change when

manufacturers gained control of the exposure information



-211-

search. And the current strong correlation between the
value of a pesticide use to manufacturers and EPA decisions
should become even stronger.

Consultations with manufacturers over which uses should
be reviewed, without using completed risk and benefits
analyses, may eliminate pesticide users from the process.
In many cases, uses that are valuable to manufacturers will
also be important to users, but for some uses this will not
be the case. As a result, lower correlations between pesti-
cide user variables and risk information should be expected
for some uses.

The use of informal contacts and negotiations between
EPA and pesticide manufacturers will also change the balance
of power in the process, particularly if EPA is not as com-
mitted to defending risk-bearers. Much of the process will
no longer be documented, and the nature of a negotiated
solution means that EPA will not have to defend its decision
on other than political grounds. Actually, most of the
defending will occur during the risk analysis.

The revision of the risk triggers should result in fewer
pesticides being considered for special review. The assump-
tion here by the Bush task force is that some pesticides
that do not pose a risk are being regulated due to broad
risk triggers.

If EPA is pro-manufacturer, as it appears to be (rela-

tively speaking) under the Reagan administration, then this
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process should save time and money and be easier for pesti-
cide manufacturers. But if EPA is anti-manufacturer, as it
has been in the past and is certain to be at some point in
the future, attempts to negotiate may be futile and the
process may be as drawn out as it is now, albeit with less
documentation.

If decisions were made based on risk information only,
or on risk and benefits information provided by manufac-
turers, the regulatory outcome would probably be different
than it is now. Solutions would be biased toward manufac-
turers' perceptions of risk and benefits, and the final
choice for each pesticide use would most likely be highly
correlated with values of the uses to manufacturers.

To describe changes in pesticide regulation since 1981,
even without formal changes in the RPAR process, Table 7.1
shows activity before and after that date. The table shows
that since 1981, more pesticides have been returned to the
registration process without restrictions or with negotiated
restrictions, fewer RPAR's have been issued, fewer manufac-
turers have voluntarily agreed to cancel their product and
more RPAR's have been completed.

National Academy of Sciences Recommendations. In the

book Regulating Pesticides (Environmental Studies Board Com-

mittee on Prototype Explicit Analyses for Pesticides, 1980),
several recommendations are suggested to improve the RPAR
process. The panel of economists and natural scientists

recommended that:
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Table 7.1 Changes in Pesticide Regulation Since President
Reagan's Inauguration

RPARs Issued
(according to date of PD1 publication)

January 21, 1981 - September 1983 0
April 1978 - January 20, 1981 10

Voluntary Cancellations
(according to date of publication)

January 21, 1981 - September 1983 2
April 1978 - January 20, 1981 5

Pesticides Returned to Registration
(according to date returned)

January 21, 1981 - September 1983 14
April 1978 - January 21, 1981 5

RPARs Completed
(according to date of PD4 publication)

January 21, 1981 - September 1983 10
April 1978 - January 21, 1981 7

Source: Compiled from data in "Status Report on Rebuttable
Presumption Against Registration (RPAR) or Special
Review Chemicals, Registration Standards or Data
Call-In Programs"” (U.S. Environmental Protection
Agency Office of Pesticide Programs, Washington,
D.C., September, 1983),
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The OPP should prioritize pesticides according to
toxicity of active ingredients and extent of use,
and regulate pesticides in order of prioritization.
Alternative pest control methods should be identi-
fied early in the review process. If any of those
alternatives are potentially hazardous, they should
be removed from the prioritization and reviewed as
quickly as possible.

The OPP should not try to generate numerical risk
estimates when there are no reliable human
epidemiological data. Instead, OPP should "rank"
pesticide risk relative to other pesticides, and
the risk of alternative regulatory schemes should
be presented in terms of dosage.

EPA staff should observe actual application,
formulation, and study of the RPAR pesticides.

OPP should estimate the "economic lifetime" of the
RPAR pesticides, and estimate risk and benefits
accordingly.

OPP should present exposure estimates as a range,
with the low point reflecting the most likely
degree of exposure, and the high point reflecting
the maximum potential exposure.

OPP should not include the effects of pesticide
regulations on net farm income resulting from crop
price changes in its benefits analyses, because

these changes are offset by consumers.
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o The OPP should establish a Benefits Review Panel of
experts to review the benefits analyses. Members
of that panel should be involved at the outset of
the benefits analysis.

Unlike the Bush task force recommendations, which focus
on ways to cut the costs and length of the RPAR process, the
NAS proposals are centered around a quest for better infor-
mation. The relevant question is: will these proposals
lead to improved decision making?

It has already been noted that information does not seem
to help choice-making, but it may help the EPA to develop
alternative solutions. Several of the NAS recommendations
would shed additional 1light on potential risk reduction
methods. Identifying alternative pest control methods that
may also be hazardous, ranking alternative regulatory
schemes according to dosage, and observing actual applica-
tion procedures may all help to clarify regulatory options
for EPA. But some of the other recommendations, those that
call for refinement in aggregate risk or benefit calcula-
tions, may not be of as much value to the agency in its
decision-making. No matter how precise the calculation of
net benefits and risks, EPA still must make value judgments

when weighing benefits against risks in decision making.

DIRECTIONS FOR FUTURE RESEARCH
There are many areas of pesticide regulation that can
still be investigated. An obvious topic of research sug-

gested by the previous section is to attempt to duplicate
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the research for the new Special Review process if it is

implemented.

Other suggestions revolve around improving the current

research:

o

Include more case studies now that more RPARs have
been completed.

Improve measurement of quality of information vari-
ables by interviewing personnel from EPA, manufac-
turers, pesticide user groups, and risk-bearing
groups or their political entrepreneurs.

Improve measurement of explanatory variables by
going outside of the position documents for vari-
able specification and measurement, and possibly
develop additional variables for risk-bearing
groups.

Use econometric modeling if data is good enough to
justify such a methodology. Such a procedure would
tell more about the relationships between explana-
tory and dependent variables and would highlight
model specification problems, if any.

Focus on stages of the regulatory process other

than information search.

Given adequate time and resources, this research could

be expanded upon in order to find out more about EPA's reg-

ulation of pesticides. But the research has accomplished a

great deal in terms of describing the information search

portion

interest

of the RPAR process and providing estimates of

group influence on that portion of the process.
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Ranking of Pesticide Uses According to Four Explanatory Variables

Table Al. Ranking of Uses for Each Pesticide According to Value of Pesticide
Use to Manufacturers

Pesticide

Pronamide

Silvex

2[4[5"T

Amitraz

Chlorobenzilate

Endrin

Use
Lettuce
Alfalfa
Ornamentals
Berries

Turf

Sugarbeet Seed

Rangeland
Rice

Apples
Noncrop Uses
Pears
Prunes
Sugarcane

Rangeland
Rice
Noncrop Uses

Pears
Apples

Florida Citrus
Texas Citrus
Cotton
California Citrus
Arizona Citrus
Other

Fruits/Nuts

Small Grains
Orchards

Cotton

Alfalfa

Bird Perches
Conifer Seeds
Ornamentals
Sugarcane

Tree Paint
Vegetable Seeds
Watermelon Seeds
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Value to Manufacturers

$2,091,000 to 4,182,000

$2,084,000
$420,750
$240,570
$205,425
> $64,350

$750,000

’

2]
P
[
‘\J’\)‘\)‘\J‘\)g

$6,750,000
$1,650,000
$800, 000

$3,047,414
$1,129,480

$3,220,000
$406,000
$212,550
$30,000
$24,000
"Little Use"

(assigned value of $100)

?

$1,380,000
$152,800
$149,910

W W) ) ) W) ) )W
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Soybeans
Grapes
Almonds

Vegetables/Melons/Strawberries

Peanuts

Cotton
Peaches/Nectarines
Citrus

Commercial Turf
Plums

Pineapple

Home Lawns

Other Berries
Strawberry Nursery Stock
Home Gardens
Bananas

Apricots, Cherries, Figs
Ornamentals

Sorghum

Citrus

Corn

Cotton

Tomatoes (Fresh)
Dry Beans

Alfalfa

Grapes

Livestock Premises
Tomatoes (Process)
Pecans

Snap Beans (Fresh)
Apples

Snap Beans (Process)
Safflower

Lettuce

Soybeans

Brocolli

Tobacco

Citrus Blackfly
Forest Seed Orchards
Peppers

Wheat

Pears

Ornamentals
Turnips
Swiss Chard
Cabbage

$8,293,260

$3,200,000

$2,289,390

$2,238,720

$2,140,650

$1,782,000

$1,203,180

$801,040

$363,000

$302,840

$250,660

< $134,000

$61,640

$10,720

< $3,350

"Negligible"

(assigned value of $100)
"Negligible"

(assigned value of $100)
?

$2,831,370
$2,067,768
$1,920,000
$1,690,648
$1,323,576
$1,081,404
$627,750
$617,014
$552,552
$544,050
$226,533
$198,090
$162,000
$151,258
$105,507
$71,982

$51,000

$47,988

$3,648

< $3,203

$1,698

> $837

"Minor Use"
(assigned value of $100)
"Negligible use"
(assigned value of $100)

RVEUVEEN BV
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Table A2. Ranking of Uses for Each Pesticide According to Annual Total User
Losses from Pesticide Cancellation

Pesticide

Pronamide

2,4[5—T

Silvex

Amitraz

Chlorobenzilate

Endrin

Use
Lettuce (Salinas)
Lettuce (Maria)
Alfalfa

Lettuce (Imperial)
Lettuce (Other CA)
Lettuce (AZ)
Berries
Ornamentals

Turf

Sugarbeet Seed

Rangeland
Rice
Noncrop Areas

Sugarcane
Prunes
Apples
Rangeland

Rice
Noncrop Uses
Pears

Pears
Apples

Florida Citrus
California Citrus
Texas Citrus
Cotton

Fruits & Nuts
Arizona Citrus
Other

Small Grains (Major Uses)
Orchards

Conifer Seeds

Cotton

Sugarcane

Alfalfa

Ornamentals

Watermelon Seeds

Other Vegetable Seeds
Tree Paint

Bird Perches

Small Grains (Minor Uses)

Total Annual User Losses

$10,097,068
$2,429,724
$2,333,775
$1,305,390
$784,100
455,655

?

?

?

?

$16,406,000
5,517,000
?

$3,800,00 to $10,100,000
$1,800,000

$1,000,000

"Small"

(assigned value of $100)
"Not Significant"
(assigned value of $100)
"Not Significant"
(assigned value of $100)
?

$8,271,000
$—-410,070

$27,177,600
$2,280,200
$240,400

< $125,000
< $69,000

?

?

$14,700,000 to 15,400,000
$2,645,000 to 5,336,000
$3,000,000

$717,850

$4,600

W OO0
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Peaches/Nectarines
Soybeans

Grapes
Vegetables/Melons/Strawberries
Citrus

Almonds

Peanuts

Pineapple

Commercial Turf
Strawberry Nursery Stock
Plums

Home Lawns

Cotton

Other Berries

Apricots, Figs, Etc.

Bananas
Home Gardens
Ornamentals

Grapes

Corn

Tomatoes (Fresh)
Snap Beans (Fresh)
Dry Beans

Cotton

Alfalfa

Brocolli

Pecans

Citrus

Citrus Blackfly
Snap Beans (Process)
Apples

Safflower
Livestock Premises
Tobacco

Peppers

Lettuce

Wheat

Pears

Forest Seed Orchards
Soybeans

Tomatoes (Process)
Sorghum

Cabbage

Swiss Chard

Turnips

Ornamentals

$26,890,000

$23,500,000

$21,670,000

$14,500,000

$8,950,000

$8,834,000

$6,800,000

$6,200,000

$2, 200’000 to $516OOIO(X)
$1,500,000 to $5,600,000
$4,600,000

$2,750,000

$2,600,000

$1,000,000

"Negligible"

(assigned value of $100)
"Negligible"

(assigned value of $100)
"Negligible"

(assigned value of $100)
?

$9,900,000
$8,030,000
$3,900,000
$3,600,000
$1,800,000
$1,730,000
$1,726,000
$1,270,000

$745,800

> $551,000
$234,500

$130,800

$90, 000

$34,000

$30,900

$5,600

> $2,700 to $-1,700
> $400 to $-121,500
"Minor"

(assigned value of $100)
"Minor"

(assigned value of $100)
$-337.50 to $-675
$‘211600
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Table A3. Ranking of Uses for Each Pesticide According to Annual Per Acre User
Losses from Pesticide Cancellation

Pesticide

Pronamide

2,4,5-T

Silvex

Chlorobenzilate

Amitraz

Endrin

Use

Lettuce (Salinas)
Lettuce (Maria)
Lettuce (Imperial)

Lettuce (Other California)

Alfalfa

Lettuce (Arizona)
Berries
Ornamentals

Turf

Sugarbeet Seed

Rice
Rangeland
Noncrop

Prunes
Sugarcane

Apples
Rangeland

Rice
Noncrop Uses
Pears

Citrus (California)
Citrus (Florida)
Citrus (Texas)
Cotton

Fruits and Nuts
Citrus (Arizona)

Other Uses

Pears
Apples

Orchards

Small Grains (Major Uses)
Conifer Seeds

Sugarcane

Cotton

Alfalfa

Ornamentals

Watermelon Seeds

Other Vegetable Seeds
Tree Paint

Bird Perches

Small Grains (Minor Uses)

Per Acre User Losses

$54 to $408
$54 to $402
$50 to $55
$50 to $55
$8.05 to $38.14

LVECVEGV RCV V]

$14.00

$11.00

"Little"

(assigned a value of $.25)

$222.00

$40.00 to $-1.50

$20.00

"Small"

(assigned a value of $.25)
"Insignificant"”

(assigned a value of $.25)
"Little"

(assigned a value of $.25)
?

$90.00

$47.00

$4.72

< $3.20

< $2.88

"Insignificant”

(assigned a value of $.25)
[

$170.20
$-7.89

$34.00 to $69.00

$33.00 and $1.66 to $1.94
$20.00

$9.20

$4.70

~

VLV VGV IR Neo Ne)
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Strawberry Nursery Stock
Pineapple
Peaches/Nectarines

Plums

Commercial Turf

Citrus

Grapes

Ornamentals

Almonds

Home Lawns

Vegetables/Melons/Strawberries

Soybeans
Peanuts
Cotton

Other Berries

Home Gardens
Apricots, Figs, Etc.

Bananas

Snap Beans (Fresh)
Brocolli

Tomatoes (Fresh)
Livestock Premises
Pecans

Corn

Lettuce

Apples

Dry Beans

Peppers

Cabbage

Grapes

Snap Beans (Process)
Citrus

Alfalfa

Tobacco

Citrus Blackfly
Swiss Chard
Turnips

Safflower

Cotton

Wheat

Pears

Sorghum

Soybeans

Forest Seed Orchards
Tomatoes (Process)
Ornamentals

$2,500 to $9,333

$1,240

$640.24

$511

$118.92 to $302.70
$288.70

$261.08

$88.08 to $172.55
$124.42

$88.00

$38.76

$20.74

$18.18

$11.56

"Little"

(assigned value of $.25)
"Negligible"

(assigned value of $.25)
"Negligible"

(assigned value of $.25)
"Negligible"

(assigned value of $.25)

$§76.70

$74.15

$43.50

$19.70

$14.34

$12.52

$7.57 to $-.02
$7.00

$6.81

$6.70 to $4.14
$3.87 to $-2.77
$3.83

$3.60

> $3.58

$.70 to $3.51
$3.48

$2.15

$1.05 to $-4.37
$1.05 to $-4.37
$1.04

S.71

"Minor"
(assigned a value of $.25)
"Negligible"
(assigned a value of $.25)
$-.55

$-1.27

$-2.25 to $4.50
$-12.37

?
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Table A4. Ranking of Uses for Each Pesticide According to Percent of Crop

Treated
Pesticide Use Percent of Crop Treated
Chlorobenzilate Florida Citrus 67%
Texas Citrus 50%
Arizona Citrus 5%
California Citrus 1.6%
Fruits and Nuts 1.0%
Cotton .4l1%
Other "Little"
(assigned value of .01%)
Endrin Watermelon Seeds 100%
Conifer Seeds 90%
of direct seeded acres
Other Vegetable Seeds "Like Conifer and Watermelon"
(assigned value of 90%)
Orchards 11.2%
Small Grains (Major Uses) 9.2%
Cotton < 2.0%
Sugarcane < 0.2%
Tree Paint "Confidential-Very Minor"
(assigned value of .01%)
Alfalfa ~ 0%
Ornamentals ~ 0%
Bird Perches ?
Small Grains (Minor Uses) ?
Pronamide Sugarbeet Seed 90.00%
Lettuce 55.00%
Berries 54.00%
Ornamentals 5.50%
Alfalfa 0.44%
Turf ?
Amitraz Pears 60.1%
Apples 10.0%
Silvex Prunes 80%
Sugarcane 15%
Apples 10%
Rice 0.08%
Rangeland 0.01%
Pears ?
Noncrop Uses ?
2,4,5-T Rice 12%
Rangeland 0.1%

Noncrop uses ?



DBCP

Dimethoate

-224-

Strawberry Nursery Stock 100%
Vegetables/Melons/Strawberries < .1% to 95%
Plums 70%
Almonds 54%
Pineapple 46%
Peaches/Nectarines 443
Grapes 31%
Peanuts 23%
Citrus 7.9%
Soybeans 2.1%
Cotton 2.0%
Home Gardens < 0.5%
Other Berries < 0.1%
Apricots, Cherries, Figs < 0.1%
Bananas < 0.1%
Ornamentals ?
Commercial Turf ?
Home Lawns ?
Tomatoes (Fresh) 83.00%
Brocolli 33.00%
Grapes 30.60%
Lettuce 20. to 25.%
Safflower 22%
Beans 21%
Pecans 17%
Cotton 14%
Citrus 12%
Tomatoes (Fresh) 10%
Forest Seed Orchards 4%
Sorghum 3%
Apples 2.60%
Alfalfa 1%
Tobacco < 1%
Citrus Blackfly < 1%
Corn 0.60%
Pears < 0.50%
Wheat 0.37%
Soybeans 0.03%
Livestock Premises ?
Peppers ?
Cabbage ?
Swiss Chard ?
Turnips ?
Ornamentals ?



APPENDIX B

CORRELATIONS BETWEEN EXPLANATORY VARIABLES
AND QUALITY OF INFORMATION



APPENDIX B

Correlations Between Explanatory Variables and Quality of Information

* 2Tqeot1dde jou, sueew . e/u, Toquis eyl ‘g xypuaddy uy serqel [T® .uo.mN

* (saoqe ,x,) seseyjueawd uy asqumu 8yl Aq pejeubyssp S1 s8SN [P 0] UOTILWIOFUT
Jo A3yrenb ayy cepjorIsad e jJo sesn usamleq UOTIRMIOIUT JO AFrend 8y3z uy UOFIRTaRA OU SeM BaANY
osnedaq pejernoTed oq prnod wwweb ou eyl sueem ,(x)—, [OoquASs 8yl ‘g xypueddy uy serqel [T ..8&H

(H— - (€)— (1)— r4:) G (s)— (2)— e3eoy3BuTq
e/Uu e/u (e€)— (z2)— (s)— (s)— zeIjpuwy
e/u - . ®/u 1- (&)— - U
®/u 1- - (s)— (e)— (z)— ®3eT12UBQOIOTYD
v/u (1)— (€)— T (&)— (€)— aoaa
e/u (1)— (T)— (0)— (1) — (T)— I~G'v'2
e/u (T1)— (t)— (1)— (T)— (T)— XaATTS
e/u Nu\__ T (¢)— (¢)— Haﬁl sprueuod
uebeany uTx030394 uebooup pejeesy 38TQ@ UF pood senpysey epyoTIsed
/eat3ionpoadey doay jusdaeg ‘
NS TY- —aansodxy
e

wmes Aq peansvey Se ‘YBTY JemNSUO) UO
uoyemIoFUl JO AIFTEND PuUR SISANIOVINUSH O3 SOSN SPTOTISed JO SNTEPA USEMIaq SUOTIRTSAI0) °Td OTqRL

-225-



-226-

OtT*

(0 %) & (175 L{90° (90° (90° £90° (90° BIr° £90° (90° 8IT° 13Isera aty
OtT1" (02 & OET° 9S0°- 9G0°- 9G0°- 960°- 9G0°- 9G60°~ '960°=~ 9G0°=- 9G60°~ °V°D ¥ wood
sjvoyjawta
®/u e/u (€)— (0)— (0)— (0)— (€)— (2)—- ()— (€)— (2)— (9)— zeayyuy
e/u €€e” e/u (0)— (0)— (0)— o 0 €ee” 0 0 €ec” utapwg
e/u G* G* (0)— (0)— (0)— ¢s° G* G* G* G G° @3e[FZuUaqoaoTy
e/u (0)— T (0)— (0)— (0)— (0)— (L)— 9s5°- (2)— (2)— doaa
e/u T T (0)— 1 T 1 (0)— 1 T T 1 °1ddy aojoeay
e/u T 1 (0)— 1 T 1 (0)— 1 1 1 T saafeadspuey
I-S'v’'e
e/u (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)=— XSATTS
e/u e/u T (e)— (¢)— 1 1 ()— 1 1 (¢)— 1 uotjeoyTddy
. Teoa8umo)
e/u e/u T ()— ()— 1 T (¢)— 1 1 (¢)— T saaleadspuwy
sprweuoad
uab uyxol usb  Jwaxy j8T@ senp UOT] UOJ3 3JuUNOWY UOTY UOT3 Junouy PIOTISed
~-2NW -0333/3aAT] -0dup doxD ul -ysey -eang -daosqy -eanq -dzoeqy
. ~onpoadey S pooa .
——A2e3070- uotaeTRYUI T
AST aansodx3y
Qunen

wmey Aq paunsedy se ‘ySTy 30j3w0Tddy punozo uo
uogjanaojur Jo hu.:g pu® 8a8anjoevjnuey 03 836 SPTOJIRSd JO Snlep uUsamaq SUOIJIVTII0D °Zd I[qRL



-227-

T4 ozt* 74 e T4 i wN.n‘. 1A 0 9z1° 921" (0)— 921" 9zZ1° (0)— @woyjauig
e/u e/u (€)— (0)— (0)— (0)— (2)— (2)— (s)— (2)— (2)— (L)— zea] puy

e/u 1- e/u  (0)— (0)— (0)— (0)— (0)— T1- (0)— (0)— (0)— utapus
e/u (0)—  (0)— (0)— (0)=— (0)— (0)— (0)— (0)— (0)— (0)— (0)— ®3IPTF2usQqCIOTYD
e/u (D— 1 (0)— (0)— (0)— 1 (00— (L)— (2)— (2)— (2)— doaa
e/u (0)— (00— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— I~S'v'e
e/u (00—  (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— xaATTS
e/u e/u T (¢)— (&)— T T (¢)— 1 T (¢)— 1 saaleadspuey
e/u e/u I ()— (¢)— 1 1 (e)— 1 T ()— 1 TeTOa8uUmOD
spruRUOlg

uab ujxo3  usb  3Jeaal 31T@ Senp  UOF3 UOT} JUNOWY  UOF} UOTY Junomy epYoTIsad

-e3N| -0383/3AT3 -O0dUQ dox) uy -ysey -eang -daoseqy -eang -daoeqy
-onpoaday $ pooag
—AKae3ay1Q- uoyjerTeyur w8 g————
T aansodxy
euwes

auen Aq paangesy S ‘NS Y AIPWOT] puvw IIXTW UO
UOTITIOJUI JO AJFTen) pPUR SAJINJIDVINUEY O3 S8 SPTOTISSd JO AMNTLA USaNJe8q SUOTILTIII0D °gd SIqRL



-231-

(0)— (0)— (0)— (0)=— (0)— (0)— (0)— (0)— (0)— (0)— (0)-- (0)—

e3eoyjawiq

e/u e/u (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— zeajyuy
e/u - e/ (0)=— (0)— (0)=-- (0)— (0)— (0)— (0)— (0)— 1- urapua
e/u (0)— (0)— (0)=— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— ®3eTFZUBQOIOTYD
e/u (0)— (€)— (0)— (0)— (0)— (0)— (0)— (&)— (o)— (2)— (2)— dodaa
e/u (0)—  (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— 1-6'v'2
e/u (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— X3ATTS
e/u e/u (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)—  eprweuoxd
uab uyxo3l uab Je8a] 397Q SSNP  UOJJ UOTF Junouwy UOTY UOT] Junouwy epIoTIsad
-e3ny -0384/8AT3 -OdUD dox) uy - eey -evang -daoeqy -evang -daoeqy
-onpoaday $ pood
—Llan3e10- uoteTRyur Taeg————
ST aansodxg
euwe)
wwes Aq peansweey se ‘STTTds 03 pesodxz suoelsd O3 STy WO
uotEeIozuUT JO AJFTeNnD puw S£13aNIJEJnuE O3 S36( SPTOTITAd JO BNTERA USaM3sq SUOTIRTEII0D °/d OTqRl



-229-

(0)— (0)— (0)— (0)=— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)—

a3woy3auiq

e/u e/u (t)— (0)=— (0)— (0)— (0)— (0)— (0)— (2)— (0)— (9)— zexjy juy
e/u 1- e/u (0)— (0)— (0)— (0)— (0)— T« (0)— T1- - uyapug
e/u G* S* (0)— (0)— (0)— (0)— (0)— &° (0)— (0)— §° ®jerFZUqOIOTY
e/u e/u e/u e/u -e/u  v/u e/u e/u e/u e/u e/u e/u douaa
e/u T 1 (0)— 1 1 T @)— 1 T T T I~Ss'v'e
e/u (1)— ()— (0)— (0)— (0)— (0)— (0)— (1)— (0)— (0)— (1V)— X3AT1YS
e/u e/u (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— sprweuoad
uab utxo3 usb jeasy I8|a s8ap Uuoy3l UOT3 Junouy UOT3 uoyl uE.do._E 8pIOTISad
-e3ny -0333/8A1] —OdUO doxp uy -89y -eang -daosqy -eang -daoeqy
-onpoaday $ Ppool
——Kane1g——- uofjereyur s g—————-
¥ . aansodxy
aes
wen Aq peunseey 8@ ‘337aQq 03 pesodxy SUOSa8d O3 ST UO

uojjemIojuUT JO AJFTend pue SIaaNIDRINUL O3 896N BPTOTISSd JO SNTRA USAMISQ SUOTIRTSII0D

‘s elquyL



- B -
A ——

(D= (T)= (D)= (€)= (S)— (2)=— (0)— (2)— (1)— (0)— (e)— (1)—

83voyjawia

e/u e/u (1)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (L)— zeayyuy

e/u (0)—  ®/u (0)— (0)— (0)-- (0)— (0)— (0)— (0)— (0)— (0)— utapug

e/u (1)— (t)— (0)— (0)— (0)— (0)— (0)— o (o} 0 (T1)— ®e3eryzueqoaotTyd

e/u (T)— (130£)— (0)— (0)=— (0)— (0)— (0)— (T30L)— (0)— (0)— (0)— oaa

e/u (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— I~5'v'e

e/u (0)— (0)— (0)— (0)=— (0)— (0)— (0)-- (0)— (0)— (0)— (0)— xaaTls
]
m e/u e/u (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— sprweuocad
]

uab uyxo3 uab, 3Jeaay 391@ SENP  UOT} ULOTI Junowy  UOFY  UOTY Junowy spyoTISad

-eny -0334/8AF3 -0dUQ dox) uy -ysay -eang -daosqy -eang ~daosqy

-onpoadey % Ppood
—AKanera- uoyjereyul Teueg-——
ST aansodx3y
Qe
waen Aq paansesy S ‘YT a8yr0oMmmIvg UO
uorjwRuaojuI 3O AJFTend pue saaanjoenuey O3 86 IPTOTISed JO SNTEA USBMIIQ SUOTIVTSII0D °9d SIqRL



-233-

e/U e/U Q/U e/u /U e/u e/u e/u e/u v/u e/u 8a3Yyyo 11V
1 T 1 1- T (e)— O 1- - - - uyapua
X8 T omo.u aansodxg YSTY PpBUMSUOD Omn_a sanpysay YETY dansodxay jo Oms aansodxg dpyOFISSd

pood A3y1719eqoag
Junowy

[ef3usaod

sa108dg paasbuepuy
03 X8

9JTIPTIM O3 AJTD¥XQL 83Oy suoyje[ndog 18baWUON UT 88w8Id3Q

Buaen

ey Aq paansesy Se ‘YSTY TWWfuUy Uo
uorjswaojul JOo AJyrend pue £18andeJnULK O3 S9SN SPTOTISAd JO SNTERA USEMISQ SUOTIVTIIICD

‘68 dTqRL



-234-

e/u (Y4’ e/u evT - 1 (¥4 utapug

e/u 1- - (s)— (e)— (2)— @3eryzueqoaoTw
(1)— (€)— () 802" - (2)— (2)— o esbuwy aamo]
(1)— (€)— (0)— *- (s)— (z)— o ebuwy aeddn
se3jwoylawia
e/u (1)— (1)— 1 G - 0 X3ATTS
e/u e/u (€)— (¢)— (5)— (s)— zeayyuwy
e/u e/u 0 (e)— (¢)— (2)— sprweuoad
e/u (0)— (1)— (0)— (1)— (0)— IS'v'e
e/u (1)— (€)— 0 (e)— (€)— o sbuwy 3amo1
e/u (0)— (€)— 1 (e)— (€)— o sbuwy aaddn
:doda
Ayrojusbeqny 8309333 £330 3U8boduUo pajeaal 391@ Ul pooj  sanpysay 8pIo¥ISad
aA130onpoadey doap juadaad
ST . aansodxy
e

e Aq paanseey s ‘YT
Jaunsuoc) Uo uojjEmaojur Jo AJjTend pue pajeea] doa) JO JuUBOIBd USEMIBC SUOTIRTIII0D °OTd OTQRL



=235~

960°-  9G0'-- - 960°- T°- - T1°- 1- 1°- £60° - 1- €80° D obuey lemor] A
VE0'~ bEO"- Vo' T°- - 1°- - - £80° - 1°~ €80° 9 ®buey aeddn
sIserg ATy
960°=  9G0°=  9G0°= 6VI°- 6VI°- 6V1°= 6VI°~ 6PI°~ 6PI°- 6VI°~ 6VI°~ 6V1°—- O sbuwy aemo”]
ve0°- v€0°~ PEO°= PIT - PIT°- PIT°~  PIT°- PIT= VIT°- HIT°- PIT°- PIT°- O obuey aeddn
tayy passaadwo) ¥ woog
sejwoylawiy
e/u 1 1 (0)— (0)— (0)— (0)— (0)— 1 (0)— (0)— 1 xeAT1S
e/u e/u (€)= (0)— (0)— (00— (E)— (2)— (&)— (E)— (2)— (S)— zea13 uy
e/u e/u S - (e)— (&)— 1~ 1- (&) — 1~ 1- (¢)— 1- uoyjeoyiddy
TeIOa8um0)
e/u e/u - (2)— (&)— 1~ 1- (¢)— 1- 1- (¢)— 1- asdeadspuey
epjweuoad
e/u 1- 1- (0)— 1- 1~ 1- (0)— 1- 1- 1- - uoyjedyTddy
ao03oeay,
e/u 1- 1- (0)— 1- - 1~ (0)— 1- 1- 1- - askeadepuey
I~5'v'e
e/u (1)— 1 (0)— (0)— (0)— 1 0)— (()— T (Z)=— (2)— 9 sbuwy aamon
e/u (0)— 1 (0)— (0)— (0)— 1 (0)— (L)— 1= (2)— (T)— 9 ebuey aeddn
d4oaa
e/u ur e/u (0)=— (0)— (0)— sLe°- €€€°- T1IU° GLE° - €€€°- TIT° utapud
v/u 1 T (0)— (0)— (0)— 1 1 1 1 1 1 @3jefjzueqoaotyd
ueb uIxo) uab jveal, J81q sanp UOJ] UOF] Junowy UOJJ ULOTY Junouy ap1o1ITed
-e3nK -0393/8AF3 -OdUD doa) uy -ysey -wang -daoeqy -eanq ~-daoeqy
~onpoaday $ pooa
———-f2ejojg-~—- ———uoyrIelOYU]I Tewas(;
X1y 8aneodx3
Qe

wmwen Aq peansvey se ‘yeTy 303eojiddy

punNo19 UO UOTITMIOJUI JO AJFTWND pue pejweay doid JO JUBOIB] ULEMJSQ SUOTIRTSII0D °T1d Olqel



-236-

G6T°- G6T°- G6T°- G6T°- G6T°~ G6T°- G6T°- G6I°- (0)— G6T°- S6T°~ (0)— O ebuey M0
oL - L TLL = TLU = CLL°- ¢LL*=  CLl*= ell"= (0)— 2Lt - 2Lli"- (0)— 9 sbuwy aaddn
: sqroyjauiqg
e/u €ee” e/u  (0)— (0)— (0)— (0)— (0)— ¢€ee~  (0)— (0)— (0)— urIpUE
e/u (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— @®3erFzusqoaoTYW
e/u (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— I~S'v'e
e/u ()— 1 (0)— (0)— (0)— T (0)— (L)— (2)— (2)— (2)— 9bumy 2amo1
e/u (1) — 1 (0)— (0)— (0)—— (0)— (L) (2)— (2)— (Z)— ®buwy aeddn
. . doaa
e/u (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— X8ATTIS
e/U e/u (€)— (0)— (0)— (0)— (2)— (2)— (S)— (2)— (2)— (L)— zeagyuy
e/u e/U 1- (2)— (&)— 1- 1- @Q)— 1= 1= (¢)— 1= aekeadspuey
©/uU e/u G°- (¢)— (&)— 1- 1- (¢)— 1- 1- @)— 1- Te12a8umo)
spueuoad
uab uixol usb jeaxl 397q sanp UOJ3 UOT] Junowy UuotTy Uo}3l Junowy 8pIOT3Ieed
-e3ny -0334/9AT3 —OdU0 dox) uy -3Isdy -eang -daosqy ~-eang -daosqy
~onpoaday % pood
—Aane1a- uofjereyur Tew8g
PR @ansodxg
e

amen Aq paansvey S ‘YSTY A3PpRO]
pue 13xfW U0 uoFIWMIOJUI JO AJFTen) pue pajeal] doad JO JuUSDISd USEMISq SUOTILTAII0D °ZTd SIqEL



=237-

0 0 0 0 0 0 (0] 0 0 0 0 0 9 obuey aamon
G20°- G20°- GZ0°~ GZO°- GZ0°- G2O°~ GZO°~ GZ0°~ GZO°- GZO°~ GZ0°~ G¢0°- S 8buwy aeddn

Svoyjauia
e/u e/u e/u e/u ®/U e e/u e/u e/u e/Uu e/ ®/u spyweuocad
e/u (00—  (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— XeATTS
e/u e/u (€)— (0)— (0)— (0)— (2)— (2)— (S)— (2)— (e)— (s)— zeayyuy
e/u (0)=—  (0)=— (0)— (0)=— (0)— (0)— (0)— (0)— (0)— (0)— (0)— 1-5'v'T

e/u e/u v/u e/u ®/Uu eju e/u e/u e/u e/u e/u  ®/u 9 sbuey aamon
e/u ®/u e/u e/u o/Uu ®/U e/u e/u v/u v/u °/u  v/u o ebuwy aaddn

d4o04da
e/u 9° e/u (0)— (0)— (0)— 1 €EE°  9° 1 €ees  9° urapug
T/u (0)— (1)— (0)— (0)— (0)— (0)— (0)— (T1)— (0)— (0)— (T1)— ®eTFZULQOIOTD

uab uIxol uab jeaa] 381q sanp UOF] UOT] 3Junowy UOF} UOT3 Junowy epIoTISeed

-e3ny -0393/8AT3 -OdUQ dox) uy -ysey -eang -daoeqy -vang -daosqy
-onpoaday $ pooj
—Aanera uotjeTeyul Tauweg——-
ASTY aansodxg
uen

e Aq paanseey
S ‘UOTIWMIOJUT XYSTH IOTTd 3O ATTend pue pejessl doxd JO JUIOISJ USEMISQ SUOTIRTEII0D °ETd OTqeL



-238-

(0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— @®3woyjauwiQ

. e/u €EL” e/u  (0)— (0)— (0)— (0)—— (0)— €€8°  (0)— €€E" €EL® urapwa
e/u 1 L (0)— (0)— (0)— (0)— (0)— 1 (0)— (0)— 1 8jeTyZUq

~030TW
e/u (= ()= (0)— (1)— ()— ()= ()= (9)— (2)— (s)— (1)— 1-5'v'e
e/u e/u e/u e/Uu e/u e/u e/u e/u ®/U e/u e/u e/u doaa
e/u (1)— (1)— (0)— (0)— (0)— (0)— (0)— (1)— (0)— (0)— (T1)— xaATYS
e/u e/u ()= (0)— (0)— (0)— (0)— (0)— (0)— (2)— (0)— (S)— zea3 yuy
e/u e/u (0)— (0)— (0)=— (0)— (0)— (0)— (0)— (0)— (0)— (0)—  ®prweucid

uab uIxoly uab jeaal, 38y s8anp UOT] UOT3 3Junowy UOJ3 UOTY Junouy apIOTIsad

-e3ny —-0394/8AT3 —O0DUD doa) utr -Is9y -eang -daosqy -eang -daosqy
~onpoaday $ pood
—LK2e381a uotjereyur TR
ST aansodxy

ey Aq paansesy Se ‘33Fag 03 pesodxy suosaad
0} STy UO uojwIojul JOo Ajrend pue pejeaal doid JO JUSDIAJ USEMIIq SUOTIRTALICO “pTd dTqEL



-239-

(D= (D= ()= (&)= (99— (&)— (00— (@)— (D)— (0)— (€)== (T)— @Ivoyauq

®/u (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— I-5'v‘C
e/u 1 T (0)— (0)— (0)— (0)— (0)— 1 (0)— (0)— T XaATYSs
e/u e/u (1)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (L)— zexyfuy
e/u e/u (0)— (0)=— (0)— (0)— (0)— (0)-- (0)— (0)— (0)— (0)—  ®pyweuOrd
e/u (1)— (120g)— (0)— (0)— (0)— (0)— (0)—- (1a0L)— (0)— (0)— (0)— doud
e/u 1- e/u (0)— (0)— (0)— (0)— (0)— 1- (0)— (0)— T1- utapug
e/u (1) — (1)— (0)— (0)— (0)—  (0)— (0)— T1- 1§ T (1)=— ®er12USqOa0TY
usb utxol uab jeaal, 391 senp uotl uoll Junoury uoyl UOTY Junouy 8pIOTIeSd
-e3InK -0394/8AF3 -OdUQ doxp) uy -ysdy -eang -daosqy -eang -daoeqy

-onpoaday $ pooj

——ARejet@- uoyjereyur Tuwsg———
XSTd aansodxy
e

ey Aq paunsedy se
‘UuoTIRUIOIUL YSTY aeyaomuieg JO h:.ﬁ!d pue pajesa]l doi) 3JO JusOIad USEMISQ SUOTIRTAIICD °GTd OTqRL



=240~

e/u €ee” e/ (0)— (0)— (0)— (0)— (0)—— ost° (0)— (0)— eee* urapwg
e/u (0)— (0)— (0)— (0)— (0)— (0)— (0)-— (0)— (0)— (0)— (0)— @eTFZU3qOIOTY
(0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— " (0)== (0)— (0)— @®eOPauIQ
e/u (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— I~5'v'e
e/u (0)— (€)— (0)— (0)— (0)— (0)— (0)— (2)— (2)— (2)— (2)— doga
e/u (0)— (0)— (0)=— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— X8ATYS
e/u e/u (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— zexyyuy
e/u e/u (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)—  ®eprweuoly
usb u§xol uab jeal 3Iata ss8np UOT3 UOF] Junowy  UOT]  UOE] Junoury SpYoTISad
-e3NK -0333/3AF3 -OdUO dox) uy -ysdy -evang -daosqy -eang -daosqy
-onpoadey $ Ppood
. —-K2e3870- uoreTeRyur TS
ST aansodxg
Buwen
wwe Aq paanseey se ‘ST[1ds 03 pesodxy
suosiad uo uotIwIOIUI JO AJFTend puw pIjeaal doa) JO JUSOISd USIMIBQ SUOTIRTIII0D °9Td dTqEL



-241-

gy (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— XoATTS

e/u gy (0)— (0)— (0)— (0)— (0)-= (0)— (0)— (0)— (0)-- (0)—- zex puy
e/u e/u e/u e/u ®v/u eju e/u e/u e/u Q/u e/u °/u spyweuoad
e/u ®/uU e/u e/u e/u e/u e/U e/u e/u e/u e/u e/u . do4aa
e/u (D— (D)= (0)— (1)— (T)— (2)— (&)— (s)— (2)— (S)— (1)— IS'v'e
©/u (0)— ' (0)— (0)— (0)— (0)— (0)-- (0)— (0)— (0)-- (0)— utapua
e/u (0)—  (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— @®3PTY¥ZUaGOIOTWD
0 0 0 o o0 0 o 0 0 0 0 0 9 sbuey aamo1
GZ0°-  620°-  SZ0°- G20°- S20°- G20°- GZ20°—~ GZ0°- GZO0°- §ZO°- S20°- GZ0°- O ®buwy aaddn
jvoyaurq

uab u§xo3l uab jeaa], 381Q sanp UOT]} UOT3} Junowy UOTY UOTY Junouy 8pIOIISad

-e3n -0334/3AF3 -OdUQ dox) ur -ysay -eang -daoeqy -eang -dioeqy
-onpoaday % pooa
——L1e3370 uotjereyur Teweg———-
ST eansodxyg
amen

e Aq paansesy SO ‘ST ABI)
pPUNOIH [PTadY UO UOTIVMIOZUT JO AJFTend pue pajeal] doad JO JUSDI3d USAMISQ SUOTIRTAIICD °LTE STqRL



=242~

/U e/u ®/u e/u e/u e/u e/u e/u e/u /U e/u 829430 T1IV
g*= ¢°- G- g9t°* 9¢° 0 6S¢C° 0 [ A cee - 8s1° utrapug
ASTY Oms aansodxg ySTY * paunsuc) oms sanpIsR] YSTY aansodx3z jo cms o.u:nomxu apyoTIsed

pood £31119Wq0ad Tey3uajod

Junowy
$810ads paaabueply 9JTIPTTM O3 AJOTXQL aQndyY SUOTIRTNAOd J8DIVIUON UT 98E8IDeq
o3 XSTY
' [=11 11125

e Aq paaneeey ov

/YSTY TEWIUY UO UOTIEMIOJUI JO AJFTen) pue pejwel] doad JO JUBDIBd USEMISQ SUOTIRTIII0D °gTd OTqRL



=243~

e/u w/u (€)-- (¢)— (s)— (s)— ze1jyuy

(1)— (€)— o ()—- S* (5)— (2)— ebuwy aemo
(1)— (€)— (1)— 0] (s)— (z)— ebuwy aaddq
sejvoyjawtq
e/u (4 ®/U evtre 0 62y’ ebuwy aamo1
e/u evi® w/u 62v°- T evy” sbuwy aaddn
sutapwd
e/u G- G - (s)— (e)— (2)— ®3eTFZUsqRIOTYO
e/u (0)— (€)— T (&)— (€)— sbuwy aemon
e/u (0)— (e)— 1 (e)— (¢)— ebuwy aaddy)
. :ddaa
e/u (1)— (0)— 1 1- S* ebuwy aamon
e/u (1)— (1)— 1 G- 0 ebuwy aeddn
IXOATYS
e/u (T)— (1)— (0)— (1)— (1)— I~S'v'e
e/u e/u (€)— (¢)— (e)— (2)— apyweuoad
K3rotusberny 8309333 K3 yoyUsbooup pajeaay, 397Q uI pood eenpIsN epyoYIead
' aat3onpoaday : doa) juadaad
ST aansodxy -
- 11111~

wmen Aq paansvey S¢ ‘SaSunsuc) O3 ¥ERY UO UOTIWMIOJUT
Jo A3jrend pue coﬂ.q:oo:oo WOl SI6H07] I8N BIOY I8d [ENUUY USAMISG SUOTIRTEII0) °6T8 OTQRL



-244-

e/u e/u (€)= (0)— (0)— (0)— (e)— (2)— (&)— (€)— (2)— (5)— zeayyuy
s61° G6T7° s61° AR Ad r A rAd (A 9LT® e rAd 9LT"  3Iserd 3TV
S61° S61° S61° €50° £50° €SO° €50° €S0°  €SO° €60° €S0° €SO° V/D % wood
. 1obuey aamon
S80° <00° S80° FAR & z A ¢ LYA ez z oLT®  3Iseld afvY
S80° S80° G80°  920°- 9Z0°= 9Z0°- 920°- 920°- 9Z0°- 9Z0°- 9Z0°- 9Z0°- V/O ¥ woog
sebuey aeddq
sejeoyjeutq
e/u 133 3 e/u (0)— (0)— (0)— o T €ee° (0] TIT°  €cc° osbuwy aemon
e/u L9p° e/u (0)— (0)— (0)— o© e Lov 0 TI1°  (9Y° ebuwy aeddn
surapug
e/u S° G* (0)— (0)— (0)— ¢ S° [ S° °g* G° 8je[zuaqoIoTY
e/u (1) — ¢ (0)— (0)— (0)— 1 (0)— (L)— v (2)— (2)— obuey aemon
v/u (0)— ¢ (0)— (0)— (0)— 1 (0)— (L)— v (2)== (2)— obuwy aeddn
) :doaaq
e/u L99° t99° (0)— (0)— (0)— (0)— (0)— ezV° (0)— (0)— 62v° ebuey aemo
e/u €€e” eee”  (0)— (0)— (0)— (0)— (0)— ev1° (0)— (0)— ¢€p1° obuey aeddn
IXATTS
e/u 0 0 (0)—o 0 (0] (0)— o (1] (0] 0 sao03oeay,
e/u 0 0 (0)—o 0] (4] (0)— o (0] 0 0 saskeadspuey
7 3l A 4
e/u e/u (D— (&)= (&)= (2)— (1)— (&)— (S)— (1)=— (&)=- (G)— saekeadspuey
®/u e/u (€)— (&)— ()= (2)— (&)— ()— (S)— (&)— (&)— (S)— 1vydaaumo)
J8pjweucag
uab - UXx03 uab jeex], 301q senp uotly UOJ3 3Junowy uoy)y uoT3 Junoury epIojIsed
-e3ny -0384/3AF3 -OdUD doxy) uy -jsey -—eang -daoeqy ~eang -daosqy
~onpoaday $ pood
—-A1e3e1g--—- ——-UoTIeTeYuI Teuzeg
AT eansodxg
wuaen

auwen Aq paanseey se ‘ST 203w0F1ddy punocan UO UOTITMIOJUT
30 AJjTend) puw UOTIRIISOUR) ®OI] S8ES07] a9 SIOY a8d [UNUWUY USEAJS] SUOTIRTSII0D °0Zd *lqel



=245-

ose” ose* 0ose* 0GZ° 0sZ° 0se° 0sZ° 0s2° (0)— 062° 06Z° (0)— ebuey aamo
160° 160° 160° 160° 160° 160° 160° T160° (0)— 160° 160° (0)— ®buwy aaddn
:ajeoyawiq
e/U e/u (€)— (0)— (0)— (0)— (2)— (2)— (s)— (2)— (2)— (L )— zZeaytuy
e/u e e/u  (0)— (0)— (0)— (0)— (0)— ¢° (0)— (0)— (0)— obuey aamo1
e/u - e/u (0)— (0)—— (0)— (0)— (0)— Z°- (0)— (0)— (0)— ebuwy aeddn
tutapug
e/u (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— ®eryzZUaqQOIOTYD
e/u (1)-- T (0)— (0)— (0)— 1 (0)— (L)— (2)— (2)— (2)— obuwy aamon
e/u (1)— T (0)— (0)=— (0)— 1 (0)— (L)— (2)— (Z)— (Z)— ®buwy aaddn
:doaa
e/u (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— §| (0)— (0)— X8ATTS
e/u (0)— (0)— (0)— (0)— (0)— (0)— (0)-— (0)— (0)— (0)— (0)-- I~S'v'C
e/u e/u ()= (&)= (&)= (2)— (D)= (&)— (9)— (1)— (&)— (s)— sasdeads
-puey
e/u e/u (€)— (2)— (¢)— (T)— (&)— (&¢)— (S)— (¢)— (2)— (S)— Teydaaumuo)d
epweuoad
uab ugxol uab jeaal 8TQ senp UOJ3 UOJ3 3Junowy UOJ3 UOJY Junouy 8pIoTIsed
-enK —0394/3A13 -00U0 dox) uy -ysey -eang -daoeqy -vang -daosqy
-onpoaday % Ppood
—AKaerg- uotyeTRYUI TR
XSTY aansodxy
QAN

sues Aq paansesy S° ‘S38pEOT] PUR S18XTl O3 YSTY UO UOFIWmIoJul
30 AJjTend pue UOTIRTT3OUR) WOJJ $8690] I9\) 6IOY 28 [ENUUY USAMJSQ SUOTIRTSII0D °TZd 9TqEl



-246-

0s0° 0s0° 0s0° 0S0° 050° 0S0° 050° 050° 0s0° 0S0° 0S0° 0S0° ®buwy aamo1
£se"- 137 M €SE°- €GE°—- ESE°- EGE°~ €GE°- €GE°- EGE°- €SE°- €SE°- €5€°- @buwy aaddn

:e3eoyawtag
e/u e/u (€)— (0)— (0)— (0)— (2)— (2)— (s)— (2)— (2)— (9)— zeagjuy
e/u e e/u  (0)— (0)— (0)— o© 13 S 0 €EE” ¢° ebuwy demcn
e/u z e/u  (0)— (0)— (0)— 1 €ee*- ¢° T gee°- ¢°  ebuwmy aaddn
:urapwg
e/u (1)— (t)— (0)— (0)— (0)— (0)— (0)— (T)=— (0)— (0)— (T)— @ILTFZUSQOIOTYO
e/u v/u v/u e/Uu ®v/U ®/U e/u e/u e/u e/u e/u ®/uU d4o4a
e/u (0)— (0)— (0)— (0)=— (0)— (0)— (0)— (0)— (0)— (0)— (0)— XIS
e/u (0)—  (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— I~5'v'Z

e/u e/u e/u v/u /U ®/U ®/Uu e/u e R/U  ®/U  R/U apyweuoad

uab uTxo3 uab jeaa], 38¥Q@ senp UOT3 UOJ3 3Junowy UOJ] UOT] Junouy apJoTIeed

-e3nE -0393/8AY3 —OdUD doa) uy -js3ay -eang -daosqy -evang -daoeqy
~onpoaday $ pooj
. e U2 1) (o uogjereyul Twag
ASTH sansodxy
e

wwey AQ paunseey S¢ ‘YSTY J0TFd UO UOTIWWIOFUT
30 AJJTeND pUR UOTIRTTEOURD WOJJ S8EWO7 286N IOy J8d [VNUUY USEAJS] SUOTIRTEII0) °Zzd OTqRL



=247-

(0)—

(0)—  (0)— (0)— (0)=— (0)— (0)— (0)— (0)— (0)— (0)— (0)— @3eOyIauwiq

/U e/u (1)— (0)— (0)— (0)— (0)— (0)— (0)— (2)— (0)— (S)— zeayjuy

e/u 9€9° e/u (0)— (0)— (0)— (0)— (0)— ®8LL° (0)— ¢ 9£9° Sbumy aamo7]

e/u 111 A e/u (0)— (0)— (0)— (0)— (0)— 1 (0)— e°- G6Gp° ebuwy aaddn
sutapuyg

e/u S° S° (0)— (0)— (0)— (0)— (0)— ¢s° (0)— (0)— §° ®eTFzULQOIOTY

e/u e/u e/u e/u e/u e/u e/u e/u e/u ®/u ®/u e/u doaa

e/u (1)— (1)— (0)— (0)— (0)— (0)— (0)— (1)— (0)— (0)— (T)— obuwmy aamo01

®/U (1)— (0)-- (0)— (0)— (0)— (0)— (0)— (1)— (0)— (0)— (T1)— ®buwmy aaddn
XIATTS

e/u T 1 (o)—1 1 | (&) — 1 ) ! T T ~s'v'e

e/u e/u (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— Spyweuoad

uab utxol uab jeal], 391Q s8N UOT3 UOT3 Junowy UOT3 UOT]  Junouy epIoYISsed

-e3ny -0383/3AT3 —-0dUQ doa) uy -y88y -eang -daosqy. -eang -daoeqy

-onpoaday t pood
—AK1e3ey0- uotjeteyur Teweg—-
ASTH aansodxy

ey

wwes Aq paunsweey se ‘3J1ag 03 pasodxg suosaad O3 YSR UO UOTIWWIOFUT

3o %Uﬂﬁg pU® UOTIRITIOURD) wWOa] 6869071 236 81Dy a8d [WnuUUY UBSaMIaq SUOTIRTSaII0D °g2d SIqulL



=248~

(1)— (1)— (1)— (€)= (S)— (2)— (0)— (2)— (T)— (0)— (€)— (T)— obuwy aamo1
(0)— (1)— (1)— (€)— (§)— (2)— (0)— (2)— (1)— (0)— (€)— (1)— 9buey aeddn

s@jeoyjauiqg

e/u e/u (1)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (L)— Zeajrwy
e/u 1- e/u (0)— (0)— (0)— (0)— (0)— 1~ (0)— (0)— T~ ©obuwy aamon
e/u - e/u (0)— (0)— (0)— (0)— (0)— T1- (0)— (0)— 1- ebuwy aaddn
sutapug

e/u (1) — (0)— (0)— (0)— (0)— (0)— (0)— s°- §° S (I)— 9IPTI2UQOIOTYO
e/u (t)— (130g)— (0)— (0)— (0)— (0)— (0)-- (1a0L)— (0)— (0)-- (0)— @buwy 3amon
e/u (1)— (130€)— (0)— (0)— (0)— (0)— (0)— (1a0L)— (0)— (0)— (0)— ®buwy aaddn
:ddaa

e/u £€Le” geer (0)— (0)=— (0)— (0)— (0)— €¢c¢e° (0)— (0)— ¢€cg° sbuey aamon
e/u 1 T (0)— (0)=— (0)— (0)— (0)— 1 (0)— (0)— T #buwy aaddn
ixealls

e/u (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— I-S'v'2
e/u e/u (0)— (0)— (0)=— (0)— (0)— (0)— (0)— (0)— (0)— (0)— apyueuoad

uab uyxol uab jeaa], 391q senp UOY3 UOT] Junowy UOF3 UOTY Junouy epIoTISad

-eIny —0393/8AT]3 -OdUD dox) uy -ysdy -eang -daosqy -eang -daoeqy
-onpoaday % poodg
. ——Kanyayg- uoaeTRYyUI Taueg——-—
XS aansodxy
aumen

wmey Aq paansesy S¢ ‘£19)IomMiIej O3 YSTY U0 UojIamIojul
3O AJyTend pue UOTIRIT3OUR) WOIJ S36P07] I8S() 8IOY I3d [ENUUY USaMISQ SUOFILTAII0D °HzZd STqRL



=249~

(0)— (00—  (0)— (0)— (0)— (0)— (0)— (0)-- (0)— (0)— (0)— (0)—

a3eoyjautg

e/u e/u (0)— (0)— (0)— (0)— (0o)— (0)— (0)— (0)— (0)— (0)— zexj yuy
e/u o e/u (0)— (0)— (0)— (0)— (0)—— (0)— (0)— (0)— o0  ®buey aamo1q
e/u gee*-  e/u (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— €ee°~ @bumy aaddn

| ourapwy
e/u (0)— (0)— (0)— (0)=— (0)— (0)— (0)— (0)— (0)— (0)— (0)— ®3e[FZUQOIOTYD
e/u (0)— (€)— (0)— (0)— (0)— (0)— (0)— (&)— (2)— (2)— (2)— doaa
e/u (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— XaATTS
e/u (0)— (0)— (0)— (0)— (0)— - (0)— (0)— (0)— (0)— (0)— (0)— I~S'v'e
e/u e/u (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)—  @pweuCld
uab urxo3l uab jeal] 39Ja senp UOT3 UOTY 3Junowy UOT3 UOTY Junowy 8pIoTIsed
-e3n -0383/aAT]) —-0dup doa) uy -ysey -eang -daosqy -eang -daoceqy

-onpoaday $ pooa
) ——K1e3a T~ uoyereyur TG
ST aansodxq
auen
ey Aq paansesy se ‘eTT1ds 03 pesodyg SUOSI3g O3 YSTY UO UOTIVEIOJUL

JO AJTTend puew UOTIRTISOURD WO2J S88S07] 96N 8aoY a8d T[eNUUY USEMISQ SUOTIRTEII0D °GZd OIqel



-250-

0s0° 0s50° 0s0° 060° 0S0° 0s0° 0s0° 050° 0s50° 0s0° 0s0° 050° 8buwy aemon
[ X g €GE "~ €GE°~ €GE°— €GE°- €SE°~ €GE°- €GE'- €GE€°- €GE°- €SE°- €G€°- Sbuwy aeddn

soqeoyawia
e/u e/u (0)— (o)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— zeayyuy
e/u (0)— ~ e/u (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— uyapug
e/u (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— @®3eTFZUBQOIOTYD
e/u e/U ©/u e/u ®v/u /U e/U e/U e/U e/U ®/U e/u doaa
e/u (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— X3ATTS
e/u 1 | | (0)— 1 T T (&) — 1 T T T 1-5'v’'C
®/u ®/u e/u e/u e/u e/u e/u ®/u e/u v/u e/u e/u spyweuoag
uab 1) ¢ L] uab jeaay 3@|q sanp UOT] UOT] 3JunOwy UOJ3 UOT] Junouwy apIoTISad
-e3nK -0334/8ATY -OdUQ dox) uy -ysayy -eanqg -daoeqy -eang -daoceqy _ _.

-onpoaday $ pood
w.I.liSoFr uotleleyur - PWAS
X Td aansodxg .
Qe)

wmres Aq paanseey SR ‘SMBID Punocad TRTaSY O3 XS UO UOTIWIOFUT
Jo XA3JTend pu® UOTIL[IEOUR) WOIJ SO8S07] IS 8IOY Idd [ENUUY USIMISq SUOTIR[SII0) °9zd OTqRL



=251~

e/u e/u e/u e/u e/u e/u e/u e/u e/u e/u e/u 8a3Yyly0 11V
9°'- 0 €EE~- T€T°  €ee° €ee” 48 LLO® ose® A g€ec® obuwy aamon
- G° o] 1€2° €€L° L99° Lo LLO® 74 & - gee° obuwy aeddn
susapug
XS Omo.._ aangodxg S PSUNSUOD Omoa sanpyIsay ySIY oansodxy jJo Omnd saneodxy  8pPyOTISSd
pood L3711 1qPq0d TeTIUaog
Junoury
.83Tdadg paaabuepuy 9JTTIPTIM O3 AJTOTXQL 83INOY suoTae[ndod JabICJUON UT eseeadeg
o3 XSy
e
e Aq paansesy S ‘}STY [RWUY UO UOTIVWIOIUT
3o AJ1Ten) pu® UOTIRTTSOURD WOIJ S86907] 98 SIOY a9d [EnNUUY USEMI8q SUOTIRTSa3I0D °/LZd OTqRL



-252-

(1)— (€)— (1)— B A°] & (s)— (2)—  ebuwy aamon

(1)— (e)— (1)— 8o1"° (s)— (2)— ebuwy aeddn
ajvoyjawta
e/u e/u (e)— (2)— (6)— (s)— Zeayfuy
e/u (Y4 A ©/u evl-- 1 (4 > sbuwy aemon
e/u (Y4 e/u Evi-- 1 (74 ebuwy aaddn
surapug
®/u 1- 1- (5)— (e)— (2)— @3jeryzZUBqOIOTY
/U (1)— (€)— 1 (¢)— (€)— sbuwy Jemo]
e/u (1)— (e)— 1 (2)— (€)— ebuwy aaddn
. :ddaa
e/u (1)-- (1)-- 1 0 0 X3ATYS
e/u (1)—. (1)— (0)— (1)— (1)— I~5'v'2
/U e/u (€)— (e)— (e)— (2)— spyweuold
Ayyotusbeiny §3098333 K3 yoyUsbooup pajesay J27@ Ul pood  senpIsay 8pIoY1Isad
sAT3onpoaday doa) juaoaad
XS aansodxg
euaen

amey Aq paansesy S ‘Saaunsucd) 03 YSTY UO UOTY
-uwojur jo AJFTend pue UOTIRTTEOUR) WOaJ S88907] a8en [0l Tenuuy Usam3eq SUOTILTSI10D °g2d STA™L



=253~

660 660° 660° €ET° €ET” €ET° 133 G % % G < ¥ A €ET°  €E1°  SEz*  Ised IFY
660 660° 660° ©00°- 800°—- 800°- ©600°- 8600°- 800°- ©00°- B800°~ 800°- V/O % wooq
) :sobuey
aamo7 ¥ aaddn
sauoyIsuig
e/u e/u. (€)— (0)— (0)— (0)— (€)— (2)— (&)— (€)— (2)— (S)— zeayyuwy
®/u L90° e/u (0)— (0)— (0)— v°-  e€e°- L90° p°-  €€€°= (90" obumy damo7
e/u A e/u . (0)— (0)— (0)— 2°- T11I'- T° 2= TIe- z° ebuey aeddn
_ : surapPwy
e/u i ¢ (0)— (0)— (0)— 1 1 ) 1 1 1 ®eTT2UeqRaoTyw
e/u (— 1 (0)— (0)— (0)— T (0)— (L)— 965°- (2)— (2)— 9bumy aamor]
e/u (— 1 (0)— (0)— (0)— 1 (0)— (L)— 956°- (g)— (2¢)— sbuwy aaddn
. :ddaa
e/u 0 0 (0)— (0)— (0)— (0)— (0)— €vI*- (0)— (0)— €pT°- xoAT}S
®/u 1 T (0)— 1 T T (0)— 1 ¢ T ¢ saojdeayl
e/u 1 ¢ (0)— 1 ¢ 1 (0)— 1 1 1 T saakeadspuey
P e 4 4
e/u v/u ()= (&)= (&)— (2)— (T)— (&)— (S)— (T)— (&)— (5)— saakeadspuey
e/u ®/u (€)— (&)= (&)— (A)— (&)— (&)— (S)— (&)— (&)— (S)— Tteyd3aumc)
s@pyweucad ,
uab ugxoly uab e8] J0|q senp ro.B UO]) Junowy UWOFY WOYY ui pIOTISAd
=Ny =083/} ~OCOWD dox) uy -89y -eang -daoceqy -vanqg -daoeqy .
-onpoaday s pooa
—AI010- ~uoFeTRyuUT Toweg-——
saneodx3

E ]

. D Aq paansesy ev ‘8303e07[ddv punoan 03 YSTY UO UOTY
~WI0Jul JO AJFTUND PUR UCTIRTTEOURD WOAJ S96907 106N [PI0L [PNUUY USEAJEq SUOTIVTAII0) °6Z28 dTqRL



-254-

6S0° 650° 650"  650° 650° 6S0°  6S0° 650" (0)— 650° 650° (0)— 9bumy aamoq
z60° ze0° 260° 260" z60° TE0° 260" Z60° (0)— Z60° Z60° (0)— ebuwy aaddn

tejroawiq

®/u e/u (€)— (0)— (0)— (0)— (2)— (2)— (s)— (2)— (2)— (L)— zeay juy
e/u rAd e/u (0)— (0)— (0)— (0)— (0)—- e° (0)— (0)=— (0)— abuwy aamor}
e/u A e/u (0)— (0)— (0)— (0)— (0)— T (0)— (0)— (0)— ®buwy aaddn

surapua

e/u (0)—- (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— @3ery2UEqOIOTY
e/u (1)— 1 (0)— (0)— (0)— T (0)— (L)— (2)— (2)— (2)— ebuwmy aamo]
e/u (1)— 1 (0)— (0)— (0)— T (0)— (L)— (2)— (2)— (Z)— ®buwy aaddn

:doda

®/u (0)— (0)— (0)=— (0)=— (0)=- (0)— (0)-- (0)— (0)— (0)— (0)— XaATTS

e/u (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— I~5'v’'e
e/u e/u (1)— (&)— (&)— (2)— (1)— (&)— (S)— (1)— (&)— (5)— saadeadspuey
e/u e/u (€)— (&)— (&)— (2)— (&)— (&)— (S)— (&)— (&)— (S)— Tteydasumuc)

sapyuweuold

usb uxol  usb  Jesal 39T@ SANP  UOT3  UOT3 Junouwy  UOT3  UOT3  Junowy spIoTISad

-eQny -0384/8AF) —-OdUQ dox) uy -ysay -eang -daoeqy -vang ~daoeqy
-onpoadey SR pPOOo4
—Kaejayg- uotjeTeyul T
ST sansodxy
Tuwen

wwes Aq paanseey S /SI8PRO‘] PUR S8ISXTW O3 YSTY UO UOEY
-ewI0jur JO AIFIend PuR UOFIRTTSOUR) WOIJ 86907 386N [EI0L [PNUUY USEMIaq SUOTIRTSAI0D °0fd dTqeL



=255~

6T1T°-  6IT°-  6I1°- 6T1°~ 6IT1°- 6TT1°- 61II°- 6TI1°- 61T1°- 6TIT°- 611°~ 611"~ abuey aamo1]
LT~  BLU-  WLT°= BLU- BLI- PLT°—  WLU°- bLI- BLI°-  WLI°- LU"- bLU°— buey aaddn
:33eoylaurg
e/u e/u (€)— (0)— (0)— (0)— (2)— (2)— (S)— (2)— (2)— (s)— zeay yuy
e/u 9° e/u (0)— (0)— (0)— 1 g€ee”  9° 1 €Ee” 9 ebuwy aamo1
e/u 9° e/u  (0)— (0)— (0)— T €E€e”  9° 1 gee*  9°  ebuwy aaddn
:utapwa
e/u (0)— (O— (0)=— (0)— (0)— (0)— (0)— (1)— (0)=— (0)— (1)— ®3eT}2UQOIOTO
e/u e/u ®/u e/ ®/U  ®/U e/u e/u e/u e/u °/u e/u dodaa
e/u (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0o)— (0)— (0)— X3ATTS
e/u (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— I~s'v'e
®/u v/U /U ®/u ®/u e/U e/u e/u e/u e/u ®/u v/u epjweuocag
uab uyxol uab JeaaL u@E. sanp UOT3 UOJ3 3Junowy UOT} UOT3 Junouy apIoTIsad
-ejny -0383/8AT3 -OdUD doxp uy -—-ysay -eany -daosqy -vang -daoeqy
-onpoaday $ Dboog
—AIna310- uoyjereyur Teweg-——
AT aansodxg
auwed
_ amen Aq peansesy se ‘S30TTd O3 YBT UO UOTY
-suI0jul JO AJFTend puv UOTIRTTEOUR) WOIJ S36907 186N [P0l TenUUY USaMISq SUOTIRTSII0) °TeH OTqRL



=-256-

(0)— (0)— (00— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)—

sjwoyRautq

e/u e/U (0= (0)— (0)— (0)— (0)=— (0)— (0)— (2)— (0)— (S)— zZeajyyuy
e/u 9€9° e/u (0)— (0)— (0)— (0)— (0)— s8LL® (0)— ¢° 9€9° ebuwy aamon
e/u 9¢9° ®/u (0)— (0)— (0)— (0)— (0)— s8LL° (0)— ¢ 9¢9° ebuwy aeddn

surapua
e/u T 1 (0)— (0)— (0)— (0)— (0)— T (0)— (0)— T @e3errzusqoaoTy
e/u e/u /U /U /U /U e/u e/u e/u /U ®/u ®/u dodaa
e/u (1)— (1)-- (0)— (0)— (0)— (0)— (0)— (1)— (0)— (0)— (1)— X8ATTS
®/u (1)— (1) — (0)— (1)— (T)— (2)— (&)— (S)— (2)— (s)— (1)— IS'v’2
e/u e/u (0)— (0)— (0)=— (0)— (0)— (0)— (0)— (0)— (0)— (0)— spyueuoag
usb uxol uab jeeal 39Y1Q sSenp UOT3 UOT]} JuUNOwWY UOFY UOT] JuUNOWy SpIOTISAd
-e3ny -0383/aAfl -odup  doap uy -yeey -eang -daosqy -eang -dioeqy -

-onpoaday % Ppood
—Aaneyg- uorjereyur Teueg————-
ST @ansodxy
e
e Aq peanseey se ‘3Jjag 03 pesodxy sSuoslad O3 YSTY UO UOT]

-emIojur jJo AJFTend pu® UOTIRTTEOURD WOIJ S366077 296N [PI0L [eNUUY USaM]SQ SUOTIVTSII0) °Zfd OIqRL



-257-

(D—  (D— (D= (€)= (s)— (2)— (0)— (2)— (T1)— (0)— (€)— (T)—

e3jvoyleuq

e/u e/u (1)— movun (0)— (0)— (0)— (0)— (0)— (0)— (0)— (L)— zeayyuy
e/u - e/u  (0)— (0)— (0)— (0)— (0)— T- (0)— (0)— T1- ufapua
e/u (0)— ()= (0)— (0)— (0)— (0)— (0)— 1~ T T (T)=— ®3e[jzuaqoaoryd
e/u (1)— (t1a0g)— (0)— (0)— (0)— (0)— (0)— (taoL)— (0)— (0)— (0)— doaa
e/u T 1 (0)— (0)— (0)— (0)— (0)— 1 (0)— (0)— 1 X8ATTS
e/u .(0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— I~S‘'v'e
e/u e/u (0)— (0)— (0)-- (0)— (0)— (0)— (0)— (0)— (0)— ({(0)— spyweuoad
uab uyxo3l uab jeaal 30yq senp UOT] UOJ3 Junowy UOJ3 UOF3 Junouy 8pIo¥Ised
-e3nW -0383/8A13 -0OUWO doxp uy -ys&y -eang -daosqy -eang -daosqy
-onpoadey s pooj
—A1nea uoyjereyur Tueg—-——
ASTY sansodxy
)
ey Aq peanseey S¢ ‘S19IoMMIRg O3 YOTY UO WOT)

-ew103JUT JO AJFTend pue UOTIRTTEOUR) WOIJ S96907] 296 [VIOL [eNUUY USaMIeq SUOTIRTSII0D °EFd- OTqRL



-258-

(0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— @jeoyrauigQ
e/u e/u (0)— (0)— (0)— (0)-- (0)— (0)— (0)— (0)— (0)— (0)— zeay jwy
e/u 0 e/u  (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— o0  ®bumy aam01
e/u 0 e/u  (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— o0  ®ebuwmy aeddn
sutapy
®/u (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— ®3eryZUQOIOTYD
e/u (1)— (€)— (0)— (0)— (0)— (0)— (0)— (&)— (2)— (2)— (2)— doaa
e/u (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— X9ATYS
e/u (0)— (0)— (o)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— I~5'v'e
e/u e/u (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)—  epFweuoaq
usb  uyxo3 ueb  Jweal I\FA SGNP  UOFY UOTI IJunOWY UOFY UOFI Iunowy  SPIOFIsed
-ejny -0383/8A13 —odup  doxd uy -ysey  -wang -daosqy -eang -daoeqy
-onpoaday " § pood
: ——LKaneyg- uoyerRyul Teweg——-
SRS sangodxy
wuwen
wmen Aq peanseey se ‘eT[ydg 03 pesodxy SUOE18d O3 STY UO UOTIWMIOJUL
Jo A3yTend pue UOTILTISOUR) WO1J S66907] aes [VIQL [ENUUY  USEMJeq SUOTIRTEIICD °pEd OTqRL



-259-

611°- 611°~ 61T~ 611°- 611"~ 6T1°- 611°- 6I1°- 6II°- 611°- 611~ 611"~ sbuwy 3amo0]

LT - LT - PLT = VLI = DL = PLT°~ ©LI°= OBLI°- VLU= BLT- ULI"- pL1° - ®buwy aeddn

:83eoyjawtq
e/u e/u (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— zZea3yuy
e/u (0)— e/u (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— utapua
e/u (00—  (0)— (0)— (0)— (0)— (0)— (0)— (0)-—- (0)— (0)— (0)-- @IPTFzuLqEIOTD
e/u e/u e/u e/u '/u ®/U e/Uu e/u R/ /U v/Mu R doda
v/u (00—  (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— (0)— XeATTS
e/u (D— (D= (00— (D— (T)— (2)— (&)— (S)— (2)— (S)— (1)— I-5'b'T
c\: ﬂ\: Q\C ﬂ\: 0\: 0\: c\: 0\: ﬂ\: ﬂ\: S\c Q\: 8pywsuoag
uab utxol usb  jeea] j81Q@ SONP UOT] UOT3 JunOWwy UOTY UOF] JUNOWN pIoYIsAd

-e3nY -0393/8AT] -OdUQ dox) uy -yedy -eang -daoeqy ~-eang -daoeqy
-onpoaday $ pooa
—hIe 3T~ uoyjereyul w18 g———
PR aansodxy
’ | eumen

waey Aq peanseey SR ‘EM8I) PUNCID TRTISY O3 YSTY UO WOTY
—ewI03ul JO AJJTend pue UOTIRTISOURD WO1J S86907] 186 [P0l [PNUUY USEM]ISq SUOTIRTIII0D

‘sea oIqeL



-260-

e/u e/u e/u e/u v/u - v/u e/u e/u e/u °/u '/u 8a8Yyl0 11V
AR { €ee*  gee*  9° L99°  625° LLo°® 74 A Z° obuwy aemo
AR | €ce” GBE®  EEL° €€8° - LVO° 1€z 0 z - €ce® ebuwy aeddn
surapug
STy oms sansodxg S| psumsuc) Oms senpyeay YSFH eansodxy Jo oms eansodxy epyOFISAd
_ pooa : £311190q024 TeFjuelog
. Junoury .
$91dadg paasbuepuy 9JTIPTIM O3 AJTO¥XQL 83MOY SUOTIETNAOd J8DITUON UT 88%aIdeq
03} Y8R .
e
e Aq peansevey Se ‘YETY TEwfuy UO UWOTY .
-aw0jul Jo AJjrend pue UOTIRTTEOUR) WOlJ £86907 286 TPI0L [PNUUY USEMISq SUOTIRTSII0D °9fd OTQRL



-261-

- G° (Y4 e AN A (A o 0 JA) o e L91° 9
uab uyxol uab jeaa], I91a@ senp UOF3 UOT3 3Junowy UOF] UOT] Junowy
-e3nE —-0393/8AT3 —-OdU0 doa) uy -ysey -eang -daosqy -eang -daoeqy
-onpoaday % Ppood
——Aaeqoyg— uorjereyur T8
ST aansodxy
aumuen
. amsen Aq psunseey se ‘ST
J0TTd UO UOTIWmIOJUI JO AJFTen)d pue Bupyuwy YSTY SpPIOTILed ©,Vdd USGSMISq FUOTIRTSaI0D °ged OTqul
- X | €ge” veC* €Le- 8v0°~ )
uebeyny uyxojolag uabooup pejvey, 391Q Uy pood sanpIesy
- /aay3onpoadey doa) Juadaed
A8 T
wuwen
oy Aq paanseey se ‘SR
J3uN8UO) U0 UOTIBMIOIUI JO AJFTend pue Bupyuey YSTY SPIOTISed 8,Vdd USamlsg SUOTISTALIO) °Led OlqRL



-262-

- e 1 Evl° evl® evr® _ 134 G =14 L99° §° T° 9
uab uyxo3 uab jeaa], I91Q sSanp UOF3 ULOJ3 3Junowy UOF3 UOF3 Junouwy
-e3ny -03334/8AT]3 -0OdUQ doa) uy -Jsay -eang -daoeqy -eang -daosqy
-onpoadey $ Ppood :
—hanata- uoyjeleyul T g————
ASTY aansodxy v
euaes
wwasen Aq paanseey Se ‘YERY I9I0M
-u1ej uo uofIRmIOJUT JOo AJFTeND pue GuTYURY YST PTOTISed §,Vdd USaMIeq SUOTIRTEII0D °Opd OTqQRL
- e - 160°- — 00S°- 00S°- 00§°- — L90° 00S°— €EE* 9LT® o
uab uyxoy uab Jeaa], Jeyq senp UOF3 UOJ] JunOwy UOT3 UOT] Junouty
-e3ny -03334/8AF3 —-OdUD dox) uy -ys®y -vang -daosqy -eangq -daoeqy .
-onpoaday S pood
—A1neyg- uogjeTeyur a9
G sansodxy
suauen
waren Aq peanswey Se ‘3I3jag 03 pesodxg suosaed
03 ¥R UO uojIwmaogur Jo AJFTWND pue BupURY NS SPIOTISAd §,Vdd UBAMIeq SUOTIRTII0D °66d OTquEL



-263-

- 8" T - - - - - T L99°  L99° €€8” o
uab uixol usb jeaal 39Jq sanp uoyr)y Uoll Junowy uoyld uotl u:-..o.._(
-ejnyK -03193/8AF] -O0dUD dox) uy -ysay -eanqg -daoeqy -eanq -daoeqy
-onpoaday $ Ppood
Aaeloya- uogereyur Tweg-———
XS . aansodxy
e

wmen Aq peunsesy se ‘ST[Jds pue SjUePIOOY 03 pesodxy sSuosaed

03 SR UO uofwmIojur JOo AJFTenD puv Bupyuwy YRy epIOFIsed §,Vdd USaM]aq SUOTIRTIII0D °Zid OTqul
- (Y4 G° o ¢t T A A ¢’ 9¢s* ¢ T A o
ub upxo3  usb  Jeeal I9FA SeNP  UOJF  UOJ] IJuncWy  UOF}  UOTY  Junoury

—eIny -0334/3AF3 —0dUD doxp ugp -ys8y -eang -daosqy -vang -daoeqy

-onpoadey S pooj
—Kae3e1a- —-Uofjereyur T8
ST aaneodxyh
e
e Aq peanseey S ‘YSTH A1) PUNOID
‘1va eIqel

TPaey Lo uofawIoJul JO AIFTeND pue BUTYURY YSRY 8PTOTISed 8,Vdd USanIeq SUOTIRT1I0D



-264-~

— L99°~- eee - o
A3joyusbeny gﬁoﬂ.ouaoz\ﬁaoﬂmo...som K3 yotusbodoup
A3yo¥xaL
wuwes :
wuen Aq paanseey se .»uqu«noa opIo
-¥3i884 UO UOTEMIOJUI uo L3pTend pue bupyuRy YSTH SPTOTISed ©,Vdd USaMeq SUOTIRTeII0D “ppE OTqRL

*apyweuoag 103 uoyjjedojrdde punoab jo edA3 auo ueyj aaow woaj BujjTnsea seniea o ﬁnco«uqvwi .

»8ST°- »TIT° =
— ose” L90°~ EPI° EPI° BES'~ €9C°—- €L~ T°- T~ EVL® L9Y°- )
uab uyxol usb  ‘Jwea] 38YQ SWONP UOF3 UOF] IJunCuwy  UOFY UOT] Junouy
-enK -0333/8AT3 -00UD dox) uy -ysey -vang -daosqy -vang -daosqy
-onpoaday s pool
—Aae3010- uoIeTRYur TuIeQg-———
XSTH sansodxy
Qe )
wmwen Aq peansvey v ‘YETY I6pYOT] PUR JOXTW
‘tra siquL

PUNCID UO UCTIWIOJUI JO AJTTeND puw BUTYUR XETY 8PIOTISed §,Vdd USaMIeq SUOTIRTe110D



-265-

(0—

(1) —

0—  (D— . (&)—

(1) —

(¢)— (e)— (¢)—

XOATYS

L08°  L08° z€9° ve- T 1 1 z98° L68 doaa
SL9°  wveL* 00S 8LE 1 8LY” VT " 1 8Lb* s3voyjauiq
1 1 0 T (€)— (€)— 1 (€)— (e)— I~S'v'2
(€)— (€)=— 1 (€)— (€)— - (€)— (€)—  (€)— zeayjuy
gI8°  818°  009° T (D—  (&)— (&)—  (&)— o epweuold
1- - T - (€)— 0 (€)— 1 1- uyapua
. €€8°  €£8° (0)— 005° 818" 1 T T (2)— ejeryz
—ueqoaoTYD
§350) §380) peuopueqy  8AT} 8AT)  3IFuUN/sATI pejeexl, epFoTIsed U/ epyoTIsad
[033ucy T0I3u0D S8I0Y -BWIeI[V -PUISI[VY -BUISI[V SBID0Y  JO y/een epyorIsed
1884 I88g WM Jo v/esn 3O 380D 30 3900
ut a1y pejweay,
abueyy aé&d uy
%301 sbueyp
)
waves AQ peansvey 99 ‘UCTIRTTSOUR) SPFOTISA] WOIF §3SCO TOIJUCD I8 UF sebuwy) wo
vorwwaozur 3o AJFTend pue SI8anjdevjnuUL O3 S9EN SPJOTIS8d JO SNTEA USBMISq SUOTIRTELICD °Gpa OTqRL



-266-

(1)— ()— (0)— (0)— (T)— (¢)— - - (1)— (1)— X9ATTS
£G69° £59°  0S6° 2€9° w8 1 oLy* aLY" A% G9G° do|a
zse” 4 3 1 00S° 8LE"® ¥eT" 9ZT° 74 rA*) L0Z° ©jeoyjswiq
(€)— (e)— 1 0 1 T €Ee - €EE°~ T T I~5'v'e
(€)— (e)— T T (€)— (€)— 1- T- - T- zexyyuy
1 T 1 009° T (¢)— (0)— (0)— 1 (1)— epyuevoag
0 0 1- 1 - (€)— €ee - (% % 3 1- T utapug
T T (0)— (0)— 00S° T 8LL® 8LL® (0, T Ad 0se°® ojeryz
=Ueqoaotyo
UOTIONP UOTIONP pPOOH pauopueqy  8ATIRU epyoy aAfjeu  eplIoy eATIeuU  8pPIOT  epIOTIsed
-oad jJo -oag jo 3o 5810y -ae3v -388d -ae3[v  -3I88g -a03[v  -3Is8d
enfeA  enfepA 8d1ag Yy Yy Jo Jo Jo Jo
ut uy pejeel], pejea] v/ v/ v/ v/
sbueyy  ebueyd sexdy  seady  Ayyrend Ayrremd PI®IX  PIOIX
Te305, 8ady aed
auen)
aumnen Aq paansesy s ‘UOTIRTTSOUR) SPIOTISed woaJ UOT3ONPOld JO 8nTRA UT sebuey) Uo
uotjemaojur Jo Ajyrend pue sasanjoevjnuel O3 S86 SPJOTISSd JO ONTRA USOM]S] SUOTIRTOAI0) °Opd OTqel



-267-

(0)— (0)— 1 1- (0)— XaATIS
§29°- 629°- ort* ose* Loz* doda
ZEVr - SOE°- Lev* boE® 00z* e3e0y38uq
(0)— (0)— 1 1 1 - I5'v'e
(0)— (0)— (€)— (0)— (1)— zexjyuy
(0)— (0)— 1 T €eE” eprweuoag
0 1 T - 1- urapug
(0)— (0)— (0)— 1 L99° ejeryz
~UeqoaoTyd
sjoeduy e30edu s30eduy SpooH I9Y30 jJo £3500 UOTIONPOad eproTISed
Te1o08 O TWoUoO80IDeK oyydeaboan sasonpoad uo sjowduy asyjo uy ebuey

£30eAu] DTWOUCOZ-O0FI0S A0
)

emmen Aq peanseey se ‘sjovdi] DTWOUODZ-OFO0S a8yjp uo

uoyjeuIozUT Jo AITTEND Pue SIBANIOPINURH OF S9SN SPTOTISEd JO SNTEA Usemjeq SUOTIRTOLIC) °LpE OTqRL



-268-

(0)—

(0)—

(1)—

(0)—

XOATTYS

(0)— ovy°- 60Z" (1 0] i vie® doda
(0)— (1)— 340 (0)— ovb* 8jeoyeuta
(0)— T 1 0 1 I5'p'T
(0)— (1)— (1)— T (€)— zexyuy
(0)— T T (0)— 818° epfureuoad
1- 1- 1- 0 1- utapug
(0)— 1 1 (0)— 1 83T TZUSqOIOTYD
saaanjoejnuey £30npoad JO Sasumsuo) uuzoo.um, Jo saajoyaey S385NUON saes apYoTIsed .
8pyoTIsad

warey Aq peangTey Fv ‘UCTIRTTEOURD) SPTOTIPEd JO FIOWMT JO UOTANGTAISTA UO

§30udwl JO UOTINQTIISTA
Suten)

uotjemaojul Jo A3jrend pue sasanjoejnuey O3 S8 ePIOTISAd JO enTEA Usemieq SUOTIRTEII) °BhE OTQRL



-269-

e/u e/u X8ATTS

(€)— (0)— doda
(0)— (0)— a3jeoyeutq
e/u . e/u I~S'v'T
..El 1 o zeajyuy
(1)— (0)— epyureuoad
(1)— 1 urIpUE
(1)— (0)— e3e] ZUeqoIoTYD
soueyTdwo) JO 830D souefTdwop jo seabeq 8pyoTITed
cusges)

e Aq peanseey se /SUOTIOFAISeY pesodoad YIa eoueyrdmo) Lo .
uvotjeuaozur Jo A3FTend pue sieanjoejnuel O3} S6n ePIOTIsed JO eNfeA USeM3}sq SUOTIRTeaIc) °6bE oTqel



-270-

- XeATYS

13 4 S do4d
— e3jeoyjewtq
- I~s'v'e
T zeaj yuy
- eprweUOd
T utapug
00s° 23T FZUeqoIoTYD
uoTst1deq 8pTOTIBeS_d
303 eumren

wmen Aq paangeey se ‘SUOTSToeq
uotjexisibey epjojiIsed pue sasanjoejnuey O3 88 SPJOJISSd JO SNRA USAMISQ SUOTIRTOAI0D °0GH OTqRL



-271-

ost* coL®

o6v° o6v° 1 1 6£6° 056° 005° 9 obuey aamo]
966°  96G° XA4 008 1 1 T L 065° 9 ebuey aoddn
:doda
1 1 L99° 1 (e)— (e)— (e)— (e)— ()— X9ATTS
(€)— (€)— T (€)— (€)— (€)— 1- (e)— (€)— I~S'v’'e
(€)— (e)— 1T (€)— (€)— - (€)— (e)—  (e)— zZeajywy
LSv° LSYH" v60° 6LT® 8sLL® £€92° TL0° 8LL® €9z° 9 ebuey aemor]
LOV® LOV® ¥60° €ve” 8LL €92° 8v0° 8LL® €9¢° 9 ebuey aaddn
sajeoyjeamyq
€EE°~- €EE°- 1- 1- (1)— (¢)— (e)— (¢)— (¢)— spiweuoad
GZrE”T O e €ee” 1 (% X 2 9" 1LS° 1218 . utapug
LY9° LY9° (0)— XX 2 198° viL® 1 T (&)— ajerlz
. : ~ueqoaoTyYo
63500 €300 peuopueqy ATl 8AT] JFun/ear] pejeex] epioflIsed YU/ 8333.&
10a3U0) TOaUOCD §8I0Y -ePulel[Y -PUIOI[Y -—-PURSJIIV S8y Jo v/een epyIotIsed
3834 R1-CX | YyImm Jo v/een Jo 380D 3o 3800
uy ‘920Y pajeay,
ebueyy aed uy £828I0Y
1308 ebueyd
Qe

wmmen Aq paansvey S ‘UOTIRTTSOUR) SPJOTISOd WOaJ §3900 TOIJUOD g8y UF
sebuey) uo uvorjEmaojul JO AJFTend pue pejeely doxD JO JueOaBd I0J UBBMJBq SUOTIRTOAI0D

‘1sd erqeL



=272~

Tvs® WS o0z6° 09€” 0L 6E6° €EE”-  €ee” b9S°  Olp° O ebuey
: 2eMmo”]
£€v9° €v9° 1 | XA 008° 1 ur e 269° @ o shuwy
’ aeddn
:doaa
1 1 1 L99° 1 (&)— €EE°-  €€E°- 1 (t)— XeATTS
(€)— (e)— 1- 1 (€)— 1~ 1 T (€)— (e)— IS'v'C
(€)— (e)— 1 1 (e)— (e)— 1- - 1- 1- zexI YWy
09¢° 09¢ 1 »60° 6L’ 1o St 1218 e 9py° 9 sbuwy
) aemo7]
Lot" Loe* 1§ 60 (3 74d 8v0° - Al TA S GST° ooy° 9 sbuwy
: aeddn
sojvoyjewta
€EE"-  €€E-  T- 1- 1- (2)— (0)— (0)— €ee’- (1)— eppweuoay
-1 GZ90°  EEE° e gee” 4 oL~ 0 :TA & 13 % 2d _urapug
1 1 (0)— (0)— 31 2 1 €€8° (33 M ooz ooZ* ojeryz
=UBQOAOTYO
UOTIONP UOTIONP POOD peucpuURqY  eATIRuU  8PIOF 8ATIRU  8pTOY SATIRU  ePIOT  EPIOTISed
-03d Jo -0ad Jo  jo s8I0y -303[y -Ised  -ae[V  -3Is8g  -aI[Y  -3Ie™d
enfey  enyep 80T yIm yIm Jo 3o Jo 3o
uy uy pejeely pejeesy v/ v/ v/ v/
sbueyy ebuwmp seaxdy sexy  AJyrend L3yrend PI®TX  PIOIX

Te3QL 8adY aed

)

wumeD Aq peanseey e ‘UOTIRTTIOUR) SPFOTISSd WOAJ UOTIONPOAJ JO SNTWA
uy sesbuw vo uorwaojul Jo AIFTWND pue pejvesy dox) JO JUEOISJ UBBMIB] SUOTIVTSII0D °ZCH STQWL



=273~

1 T GB80° Gee” 1€2°~- 9 ebuey aemor]

1 1 - 982" got°~ O ebuey aeddn
:doada
(0)— (0)— 0 00S - (0)— X8ATTS
(0)— (0)— (e)— _ (1)— : 1- I~S'v'e
(0)— (0)— (€)— (0)— . (0)— zeajywy

GET"- GOt *- G9G* (0)— oLe* o ebuey Iemo]

r4) b G9E °- G96G*° (0)— oLz o ebuwy aeddn
sojeoyjzeutqg
(0)— (0)— €ee"- (3 X - epyuweuoid
009° 174 Gl G8t” €eE” 14 & uyapug
(0)— (0)— (0)— T 1 8307 JZUBQOIOTYD
sjoedny s30eduy s3oedu £pO0H I8Y30 JO §3500 UOTIONPOAd epyoyIsed

1e1008 D TWOUOD0a0eK otydeaboen Sa80NpPoad Uo soeduy - asyjp uy sbuwyp
S300d] D TWOUDF-0FI0S A8YJ0
ounmen)

wmen Aq peansvey e ‘sjoeday Oywouodod
~0T00g I8ylp UO uotjemIojur Jo AJFTend pue pejeely doi) JO JuBOI8d USEMIB] SUOTIRTOII0) °£GH OIqElL



-274-

(0)— €9C°- LEO® 056° GbG° © ebuey Jemor]

(0)— vog - 191° 089° 809° 9 8buwy aeddn
:doda
(0)— . (1)— 199°~ (0)— 1 XOATTS
(0)— - - T (€)— I~S'v'C
(0)— (1) — (1)— T (€)— ze1] jwy
(0)— (1)— T1€e° (0)— 9ze* 9 ebuwy aemor
(0)— (1)— 9ge* (0)— 182° 9 ebuey aaddn
uﬂuggﬁn
(0)— XX 006° (0)— €EE "~ epureuoag
Ttre- GLE® 91" Le: veo* uyapug
(0)— 13 1 (0)— 1 ejeTTZUSqoIoTYD .
uua.uzuomus.:n: 830Nnpoad JO sasumsuo) IOoNpoad JO Sa9Joyael 8J98NUON | sae8e) 8pIOTISed
epy1o¥ISad s30ed] JO UOTINQIAISTQ
CurEeo)

wme Aq vou:noo: se ‘uoTjeTTeouR) eproOTIsad Jo souvdmr Jo
uoTINGTAISTQ UO uotjemaozur Jo AJFrend pue pejees], doad JOo JuedI8d UBEMIB] SUOTIRTOII0D °PGH OTqElL



-275-

(e)— (1)— | doaa

w\c 0\: XOATTS

e/u _ A n.\cA I~S'v'e

(€)— 1 zZe1) yuy

(1)— (0)— esjroyjautq

- (0)— (0)— spyureuo1g

LIy - 134 & utapua

(1)— (0)— 8307 FZUSqoIoTYO
souey1dmoD JO £380D eoueyTdwoy jJo eeubeq epyoTIsad

Quaren)

euwen Aq peanseey sv /SUOTIOFAISEY pesodoad YIM 8douwetTdmo)
pejwwyisy Uo uojjemiojul jJo AJjrend pue pejeesy doid Jo jJusoled USBEMIBq SUOTIRTOIIA0D °GGH OTqEL



-276-

ssb”
-

L
1

uo§stdeq
303 wuaNed

9 ebuwy aemor]
o ebuey aaddn
:doaa
XOATTS
I~S'v'e
zeajyuy
ejeoyswq
epueuoay
urapua
e3e[yzueqoIoTyd

SpIoTIsed

ey Aq peanseey
se ‘suolstoeq uojjealsibey epyojIsad puw pejeely, dox) jo jJuedasd ueeMleq SuOIIRTLAI0) °9GH OTqel



=277~

02S° 9 sbuwy aemo]

e LIv® €ee” 896° 1 1 €L 1e8°
9ze* €ee” gee” 6sh° 1 1 269° 128° 0CS°® 9 ebuwy aeddn
~ :ddEq
€ee” gee” 1 SSb° B (¢)— 1 L ¢ 1 o ebuwy aemon
1 1 GL® 1 1 (¢)— 1 1 1 o ebuey aeddn
: . IXOATTS
1 1 1 1 (e)— (€)— (3% 2 (€)— (e)— S'v'e
(e)— (e)— 1- (e)— (e)— (¢)— (¢)— (e)— (¢)— épyweuoly
(99° 0L9° €8C° 18S° ose® 9z8° we* ose” 9z8° 9 ebuey aemo
14 (2 we* 14 & gee” L99° 928° 820°- L99° 9zg° o ebuwy aeddn
tojvoyjewia
966G * 00S° €ce - 8€s* 1 13 % % 9° GL® 9€9° 9 ebuevy aemo]
vy 0se® 199° 1€e 1 G° 9° 1 GSy° 9 ebuwy aeddn
suyapuE
1 1 (0)— ¢ 1 1 (s)— (e)— (&)— ®3eryzZUBqOaOTYD
(€)— (e)— 1 ¢ (€)— (e)— 1- (€)— (e)— (€)— zexyywy
£1500 €300 - pauopueqy  8AY) 8ATY  JTuUn/GAT] pIJRel] epIOTISed T/ epy1oyITeq
1033U0) [OAJUOD seaoy -wUaej[v -SuIej[y -eurel[y¥  Seady Jo v/e8n epyoTIsed
3884 Is8d YyIym  jJo y/esn 3o 380D Jo 390D
uy 810y pejveeny,
ebueyy aad uy Sa10Y
1?01 sbuey)
L))

vomren E peansvey S© ‘UOTIR][SOUR) SPFOTISAJ WOIJ §390D TOIJUCD ISed UF

o aomcﬂ.u UO UoTITWIOFUT JO AJFTEND PUR SOES07 J8SN SOy A8d [ENUUY USEMISq SUOTIRTSII0D °/Gd OTqel



-278-

b2S°  ¥S° OSL® gee” ‘996° XN o »9° OLS° S9° O ebuwmy

a8M07}

62v°  6Zv:  €e8s° x4 6Sb° z69° 965° 9s56° Yey:  98e° 9 obuwy

asddn

4080

mee ur 1 1 ssh° 1 6y (=4 1 (1)— o shuwy

aeno’)

1 1 T ‘osL’ 1 1 €eE~-  €eE°- 1 (1)— o sbuwy

aeddn

IXOATIS

(€)— (€)— e€ge” X 1 €ee” €ee’ €ee’ 1 1 ISt

(€©— (6)— ()— 1 ()—  ()— - - (€)— (&)— opywevoay

S09°  SO9 eLL’ e 186° we* 99g° 995° S6E° ooy D sbuwy

aeno7]

091" 091" 8W® Tst° gee” 820°- €ve” (%, 600"  ULTT 9 whury

aeddn

tejeoyewiq

002 o00z* L €ee"~ ees” 009° veT° 650° 009° 160° O ebuwy

3eMm0”)

€EE°  €€E° 1 199" (x4 009° oLt W %" 9€9° 9 ebuwy

aeddn

sutapul

()— (1)— (0)— (0)— X (s)— T 1 00Z°- 002°- ®jeryz

~UsqoI0TW)

(©)— (6)— 1 1 (— (e)— - 1- - - zeaaywy

UOTIONP ULOTIINP POOD PeucpURqY  SATIRU  SPJOT  GATIRU  @PIOT SAJIRU  BPIDT eploTIsed
-01d4 Jo -0ad jJo  )o veaoy ~aejlYy -I®8g  -INJIY  -I®8g  -IMIY¥  -IRed
enfeA  enfeA OTAJ ! Qm P37 L 30 Jo )
ug uy pejvesl pejvesy v/ v/ v/ v/
sbuwyy  sbuwmp PI®IX PI®IX

P30, @10V a8y

seaoy a0y  Aprend A3piw0

wuwen

vawen Aq peanseey
S® ‘uoyje[edur) SPIOTITSd WO UOTIONPO3d JO eniwA uf sebuwy) vo uvojiwmaojur jo
£337e0 pue uotIeTeOUR) SPIOTIFEd WOIJ SEEEO’] J8EN) SIOY Jed [ENUUY USEMIeq SUDTIVISAICD °GGH BqPY,



-279-

1 1 ot10° GoL® 0 9 ebuwy aemor]
1 1 o10° G9L® GZ90°~ 9 ebuwy aeddn
:doad
(0)— (0)— 9G6G° - G - (0)— 9 sbuwy aemon
(0)— (0)— €ee” 1- (0)—— 9 ebuey aeddn
S XOATTS
(0)— (0)— T 1 0] I~S'v'C
(0)— (0)— (€)— (1)— - epyjureuoad
ST - 9€0° 1% 2 69L° 9ze* o ebuwy aemo
(00, A 601"~ vee* 69L° €v0° o ebuey aeddn
:e3eoyjewiq
1 0 (&4 oov° 009° o ebuwy aemo]
008° oov* - LS8 0 oov* o ebuey aeddn
surapug
(0)— (0)— (0)— 009° €ee” a3er FzZusqoaoTyd
(0)— (0)— (€)— (0)— (1)— zeayyuy
s3ovdur s3oedury. gyoeduy SpooD asylo Jo §3500) UoTIoNpoad .aguﬁuom
1e1o08 D Jwouod9s0a0eY o1ydeaboen 8aeonpoig uo s3oedwy asyyo uy sbuwyp

wumren

e Aq paanseey s ‘sjovdaE] OTWOUCOZ-OFOO0S I8Yyj0 IO UOFIEWMIoOJUI JO
£33Ten) pue uoTjeRIT8OUR) BPTOFISEd WOAJ SOES07 I86[) 8IOY A8d [PNUUY USeM]eq SUOTIRTEII0D °6GH OTqel



-280-

(0)— LLo°- 60"~ 8" GLb® O obuwy aemon
(0)— LLO - 80¢ "~ vsL® GLE® 9O ebuey aeddn
:doda
(0)— (1)— 000°T- (0)— TIT° 9 sbuey aemor]
(0)— (1) — (0, T A (0)— 1 o ebuey asddn
' . SXOATTS
(0)— (0] 0 1 1 I-S'v’C
(0)— (1)— T (0)— (€)— epyweuoaq
(0)— (1)— v10° (0)— 1€9° 9 obuwy asmor
(0)— (0)— LSO° (0)— 6cc° 9 ebuey aeddn
:@3voyjawig
(0] Lv9° LYo° (4 vec® 9 ebuwy aemon
13 % 62S° 62S° bIL” Iy 9 ebuwy aeddn
suyapug
(0)— (1)— (1) — - (0)— (1)— ®3ery2USqOIOTYD
(0)— (1)— (1)— T (€)— T zexjyuy
nuo.u:uow.u:.:mt £30NpOad JO saaumsuo) JONPOAJd JO SaYBael Sa96NUON 8208() ﬂuﬁoﬁunﬂm
9p1OTISAd §30'dW] JO UOTINQIIISTA
euReY)
L))

Aq peamsvey se ‘uorjerreouR) 8pIOTIEEd JO S3dedwI JO UOTINQIIISTd UO UOFIWMIOJUI 3O
A37Tend pue uoTIeTTa0UR) SPIOTISE WOI] SEEEOT I8S 8IOY J8J [UNUUY USEMJSq SUOTIRTEII0D °09d OTqel



-281-

(e)—

(1)—

doad

e/u e/u X9ATTS
e/u v/u IS'v'e
(0)— (0)— epyurevoaq
(0)— (0)— ' ejeoyjeutq
160°- €EE"- o abuey aemo]
€Le” L99° o ebuwy aaddn
sutapug
(1) — (0)— 83e1 1ZUeqoaoTyo
(€)— 1 zea yuy
souetduwo) Jo 83800 85:9.8 Jo eaabeq epyoTIsed

wumes)

wmwen Aq paansvey se ‘SUOTIOTaAISey pesodoad YIM eourfTdwo) UO uojjEmIoOJUI JO

K31Tend pue uojjeRTTEOUR) BPJOFISEd WOAJ S96S07] JA8E) a0y I8J [PNUUY UBeM]eq SUOTIRTeII0) °T9d OTqel



-282-

set”
¢69°

00S°
T

uoTsToeq
303 e

doda
XOATTS
I-s'v'e
pyureuoaq
ejeoyjewtq
o ebuwy aemor]
o ebuey aeddn
surapug
83eTFzusaqoaotyd

zeajyuy

epFoTIsed

amwen Aq peanseey se /SUOTeoeq uwoijexysibey epyo
=1388d pue UOTjIe[T8dOUR) BPTOFIS8d WOAJ SOES07] A8E( 8I0Y I8d Tenuuy UBSEM]eq SUOTIRTBII0D °Z79E OTqelL



-283-

G9L°® © ebuey asmo7

ZeL” L c€9° 169° 1 T £€96° = G68° K T
8zL® 8cL® “£59° 169° 1 T £€96° G68° 09L° o ebuey aeddn
:dogd
T T 00S° 818° T (e)— T T 1 X8ATTS
(€)— (€)— 1- (€)— (€)— . (g)— T (€)— (e)— I-S'v'2
()— (e)— ooz ()— (€)— (e)— (¢)— ()—  ()— eprureuoad
1€y sy TA A sp° (4 & 8Ly 2Lo® (4 & 8Ly O obuey aemon
1{%Ad 00S° SLY® (2 619° 8Ly veo° 619° gLy 9 ebuwy aeddn
. :ejeoyjauig
z88° 0se® 1 68t " 1 L99° (98° 1 GGp° 9 ebuey aamor
GoL® 0se* T 1€ T 199° gEeEL” T GGy° 9 ebuey aeddn
suyapug
1 T (0)— 00s° T (€)— (s)— (¢)— (&) ®3jeryzUeqoIoTyd
(€)— (g)— T (e)— (€)— 1- (€)— (e)— (€)— zexj yuy
£3800 ©380) pduocpueqy eAT) ®AT}  JTUn/eAl} pejeel] 8pIoTIsed ITun/ opIOTISdd
T0a3U0) TOajUA) §810Y -PUIB]TV -PUASJTV -BUASJTY S8IOY Jo v/esn epyoyIsed
I83d I83d Yy Jo v/esn 3O 3800 3o 380D
uy sbuey pejeaay,
abueyy axoy 8830Y
19301 aed
Qe
cumen)

4q paansvey se ‘uotjeTTeOUR) SPTOFISBd WO §3ISC) TOIJUCD IF8d uf sebuey) uo uorjemrojuxr
3o A37Tend pue uotIeRTTeOUR) 8PTOFISed WOAF SOSP07] I86N [PI0L [PNUUY Usemjeq SUOTIRTeAI0) °€9d OTqRlL



-284-

S6S° S6S° 006" ze9’ 159° £96° LS8° Ls8* 6£9° 9z9* 9 efuey
Jamo]
G6S° G6S° 006° £59° 159° £96° LS8’ Ls8* 6£9° 9z9° 9O abuey
xaddn
:doma
8LL" 8LL® 1 00S” 818" 1 0sZ°-  0s2°- 1 (n— X9ATTS
(€)— (8)— T 1- (€)— 1 1- 1- (€)— (€)— I-5‘v’e
(€)— (€)— (&)— ooz* (¢)— (¢)— (0)— (0)— (€)— (¢)— oprueuoaq
zse” 4] sLL® SLYy* 1Sy° TLo° 41 9y° 1 {xAd S0e° 9 ebuey
Jamor]
962" 962° 8LL® SLy” 6Eb” vzo° (YA N 6Zy° 6L1° 89z° O obuey
aaddn
s@3eoy3awtq
gee” gee” 62Zv* 1 ;1 L98° oLT" AtA ooz* 9¢9° O abuey
. . AMO]
Lov* L9¥* A0A 1 1€ geL” vez* 62S° £€e” 9£9° O abuey
xaddn
sutapul
(— (D— (0)— (0)— 00S° (6)— 1 1 0 0 ajer1z
~U3QOIOTY)
(€)— (8)— 1 1 (€)— (€)— 1- 1- 1- 1- ZeryTwy
UOTIONP UOTIDNP  POOH peucpueqy  SATIRU  pIjeall  eATieu  epIdT  @ATIRU  opIOT  8pIoTIsad
-014 jo =014 jo Jjo saadoy 1937V S9ay -193TV -3s8&d 193V -3sad
anteA entep  80T1ad Yyarm Yy yItm Yatm YIatm
ur ut pajeall Y/ v/ 74 v/
abueyy  abuey saioy K31rend Arrend PI®IX PI®X
1e301, ®adoy asd
eunres)
vamen Aq
paansesy Se ‘UoTieTTaouUR) SPTOTISSd WOAJ UOTIONPOIJ JO enTeA UT sebuey) uo uofIewrIojul
3o A3yTen) pue UOTIRTTEOUR) SPTOTISed WOIJ SeSS0T I8 [PI0L TenWUY Ueemjsq SUOTIRTeIIC) “¥98 OTqel



-285-

174 Sy

GZI°- voe* 1 0 o sbuey aemon
L90°- L90°- voe* L 0 9 ebuey aeddn
:dodd
(0)— (0)— 9€9° 009°- (0)— X®ATTS
(0)— (0)— (e)— (1)— T I~S'v’'e
(0)— (0)— (€)— (1)— (0074 spyweuoad
LYE - 89€°— GLT® L1Z - osy° o ebuey aemor]
- 4% A cee” A t AL osvy o ebuey aeddn
tejroyjewtq
009° oov° T oov° 00Z° o ebuey aamo1]
009° oov* T 00Z° oov° o ebuwy aeddn
. :utIpug
(0)— (0)— (0)— T osL® ajerFZULqOIOTYOD
(0)— (0)— (e)— (0)— (0)— - zexjpuy
sjoeduy - g3oeduy s3owedut SpooD I8Ylo 3JOo §3500 uotloNpoad epIoTIsed
Teyo08 O TWOUOD30a0PK o1ydeabosn sasonpoag uo sjoeduy asyjo uy sbueyp

e

)

Aq peansvey se ‘UOTIeTTEOUR) 8PIOTIS8d JO SIOowdm] OFWOUCOZ-OFOOS A8YI) U0 UOTIemIoJuUl
30 A37Tend pue UOTIRTTSOUR) SPTOTISed WOAJ S9Es07 106N [PI0L TUNUUY Uoemjeq SUOTIRTEAIC) °GoH eTqel



-286-

(0)— 0 9IT" oov* 9zg° o ebuey aamo

(0)— 0 evl” vey” 9zg°* 9 ebuey aaddn
:dodd
(0)— (1)— 00G°- (0)— T X8ATTS
(0)— 1 T - (€)— I~S'v'T
(0)— (1)— 002 °- (0)— (€)— spyweuoaq

(0)— (T)— wwee (0)— 26€° 9 ebuewy aemor

(0)— (1)— e (0)— prve® 9 obuey aeddn
t9jeoyjawyqg

0 W rd | A s* 2y o ebuwy aemon]

0 62S° 62S° piL” 626° 9 ebuwy aeddn -
sutapud
(0)— (1)— (1)— (0)— (1)— ®3eryzUSqoaoTYd
(0)— (1)— (0)— 1 (e)— zexy ywy
gasanjoejnuey 8300pO0ad JO sasumsuo) jJonpoag jo QhOuQxhn! S208NUON 8a06[) 8#0.3“0&

epIoTISad S83j0edw] JO LOTINQTAISTA

ouaner)

vuwrey Aq peanseey S /UOTIRTTSOUR) 8PTOTISed WOl SIoud] JO UOTINGTIISTQ UO UOTIPWIOJUT
30 A37TenD pue UOTIRTTEOURD SPTOTISEd WOAJ §OSSO 286N [VIOL [ENUUY UseMjeq SUOTIRTeII0D 998 OTqel



-287-

(€)— (0)— dosa
e/u e/u XeATTS
o/ ofu sz
(0)-— (0)— eptureuoad
(1)— (0)— ejvoy3ewiq
€Le’ 1 o sbuwy asmoT]
19 2 1 o ebuwy aeddn
| :utapug
(0— (0)— 839 TZUSqOIOTYD
(g)— 1 zexy puy
souetTdwop JO €300 soueyrdwo) jo eaabeg ep1OTIsed

aumnen

vumre Aq peansvey Se /Suoj3OTiISeY pesodoad YITM eouefrdmo) UO UOTIVMIOJUL

Jo A3yTend pue UOTIRTTEOURD SPTOTISed WOl £88907 206N [PI0L TenuuY usSanlsq SUOTIRTEAN) °/9F OTqel



-288-

o doada
— XBATYS

- P i A4

— spyuweuolg

—_— sjeoyjeutq
269° uyapug
1 a3eT12uUaqoaoTyYd

¢ zeajyuy

uoystoeq spyoTIsed
203 wumen

vmme Aq peanseey S ‘SUOTSTOSQ UWOTIRIISTHey 8pIOFIsed UO UOTIWEIOFUL
30 A3FTend pue UOTIERTTEOURD SPOFISed WOIJ SESPO] Jeen [PIOL [PNUUY USaMJIeq SUOTIRTELIC) °g9H OTqEL



-289-

AL Al £380) [0aju0D 3Is8g UT Bbueyd TeI0L

005~ §350D [0I3U0D 3884 U Bbueyy BaOY I8d
(v TAR peuueg opTOTISed J¥ PoUOpUeqY SeIOY
€80°~ BATIRUIB]TY YITM pejesl] sa2a0y
SSp - ePTOTITEd YITA pejeely, s8Iy
8Ly - eAyjeuUILITV JO V/e8n
LIV - epfoTIsed Jo v/een

0 ITUN/BATIRUISITY JO ISOD

) " 3TUn/epYOTIsS_d JO 3IS0D
Qe

vuwey Aq peansvey 8v /§3800 [OAIUCO IFBJ UF
sebueyd uo uotjemioyur yo AJFTend pue BupyuRy XSRI 8PIOFISed §,Vdd USeMIeq SUOTIRTSII0) 698 oTqel



-290-

006 °— UoTIONPOad JO enteA uy sbueyp TeIO0]

005"~ uoy3oNpoad Jo enfep uy ebuey) eaoy aeg
0sc - pooD JO 8d%ad
0se°- peuueyg 8p1o1ISed JT Peuopueqy S0y
€80°- ®ATIeUIO] TV YITM pejeely, seady
1 Al 8pPTOTISed YITM pejeel], saady
Lot eAyjewWIalTY Jo v/A3Trend
Lot epyoTIsed Jo v/AITTend
€85~ 8ATIRPUIATV JO V/PTOTX
Ot - epIoTIsed JO V/PTOTX
Qe

wmes Aq paanseey S /UOTIONPOld JO 8N[RA Uy
sebuey) uo uofEmouUI JO AIFTenD pue BupYURN YSTY SPIOTIEEd §,Vdd USan]eq SUOTIRTEII0D °(OLd oTdel



=291~

Lvo° gyoeduy Teyoos

LY9* s3oed] O TWOUOCOBOIOEY

(0, T A uuoﬂ.w._m ojydeabosn

13 0 SpoosH asYylo Jo uuao:cou..m uo sjouduy

0 ~ 83500 UOTIdNPOAd I8YI0 UF -SIbuwmP
)

wren Aq peansvel se ‘sloedu] O FWOUCOF-OFO0S
asyjo uo uotrjemaojur jJo AJFrend pue Hulyuey ST epIOYISed €,Vdd usemieq n:oﬁuadom.uoo *1/9 °1qelL



-292-

1 . gasanjoejnuey qOf

160"~ 30Npoad JO saswnsuo) O
0 30Npoad JO sa93eyIeW OL
v S398NUON O,
005 - saesq O
- ) . §30edw] JO UOTINQTIISTA

wmey Aq peansvey se ‘sjovdEl JO UOTINGTAISTA
uo uofjjemaojul jJo AJjrend pue bupjuey YSJY OPJOFISed 8,Vdd USBMISq SUOTIRTOII0D °Z/d OTqel



=293-

ooy °-

€L’

souejrdwo) Jo £3800
souejdwoy jo eeabeg

T euren

emmes Aq peansvey se ‘soueyid

-wo) uo uoyjemioyul 3Jo Aprend puw BupyURY YSTH 8PIOTISed ©,Vdd Ueemleq SUOTIRTOR0D °ELd OTqel



BIBLIOGRAPHY



BIBLIOGRAPHY

Anderson, Elizabeth L. “Carcinogen Risk Assessment in the
Environmental Protection Agency." Association of Food

and Drug Officials Quarterly Bulletin 44, No. 1 (January
1980): pp. 65-66.

Anderson, Lee G. and Settle, Russell F. Benefit-Cost Analy-
sis: A Practical Guide. Lexington, MA: Lexington
Books, 1977.

Andrews, Richard N.L. "Values Analysis in Environmental
Policy." Policy Studies Journal 9, No. 3 (Winter 1980):

Aspelin, Arnold L., and Ballard, Gary L. "Economic Aspects
of Current Pesticide Regulatory Programs and Outlook for
the Future." Paper presented at the American Meeting of
the Agricultural Economics Association, August 1981.

Baldwin, John R. The Regulatory Agency and the Public Corpo-
ration. Cambridge, MA: Ballinger Publishing Co., 1975.

Bartlett, Randall. Economic Foundations of Political Power.
New York: The Free Press, 1973.

Brickman, Ronald and Jasonoff, Sheila. "Concepts of Risk and
Safety in Toxic Substances Regulation: A Comparison of
France and the U.S." Policy Studies Journal 9, No. 3
(Winter 1980): pp. 394-403.

"Cancer Risk: An Interview with Dr. Elizabeth Anderson."”
EPA Journal 5, No. 3 (March 1979): pp. 8-9 and 40.

Cohen, Dave. "Guarding Against Cancer."™ EPA Journal 4, No.
3 (March 1978): pp. 12-13.

"Congress Expedites Pesticide Program."™ EPA Journal 4, No.
8 (September 1978): p. 34.

Council for Agricultural Science and Technology. Impacts of
Government Regulation on the Development of Chemical

Pesticides for Agriculture and Forestry. Ames, IA:
Council for Agricultural Science and Technology, January
1981.

-294 -



-295-

. Social and Economic Impacts of Restricting Pesti-
cide Use in Agriculture. Ames, IA: Council for Agri-
cultural Science and Technology, December 1980.

Davis, Otto A. and Kamien, Morton I. "Externalities, Infor-
mation and Alternative Collective Action,"™ 1In Public
Expenditure and Policy Analysis, pp. 82-104. Edited by
Robert H. Haveman and Julius Margolis. Chicago: Rand
McNally College Publishing Co., 1977.

Downing, Paul B., and Brady, Gordon L. "Constrained Self-
Interest and the Formation of Public Policy.”" Public
Choice 34 (1979): pp. 15-28.

Downs, Anthony. "“A Theory of Bureaucracy." American Eco-
nomic Review 55 (May 1965): pp. 439-446.

Dreyfus, Daniel A, "The Limitations of Policy Research in
Congressional Decision-Making." Policy Studies Journal
4, No. 3 (Spring 1976): pp. 269-273.

Ebner, Lawrence S. "A Concise Guide to RPAR, Cancellation
and Suspension Proceedings Under FIFRA." Washington,
October 1981,

. "EDF v Costle: EPA's New Case for Pesticide Reg-
ulation.” Environmental Regulation Analyst 2, No. 1
(December 1980): pp. 6-8.

. "Rebuttable Presumption Against Registration: How
EPA Has Improved Pesticide Review." Environmental Reg-_
ulation Analyst 1, No. 4 (March 1980): pp. 2-5.

Eckert, Ross D. "On the Incentives of Regulators: The Case
of Taxicabs."™ Public Choice 14 (Spring 1973): pp.
83"99.

Edelman, Murray. Political Language: Words That Succeed and
Policies That Fail. New York: Academic Press, Inc.,
1977.

Edmunds, Stahrl W. "Environmental Policy: Bounded Ration-
ality Applied to Unbounded Ecological Problems." Policy
Studies Journal 9, No. 3 (Winter 1980): pp. 359-368.

Environmental Studies Board Committee on Prototype Explicit
Analyses for Pesticides. Regulating Pesticides. Wash-
ington: National Research Council, 1980.

"EPA's Todhunter Tells NACA What Reforms the Agency Will
Deliver and When." Pesticide and Toxic Chemical News, 28
April 1982, pp. 12-15.




-296-

Epp, Donald J.; Tellefsen, F.R.; Shute, G.A.; Bear, R.M. and
Wilkinson, K.P. 1Identification and Specification of

Inputs for Benefit-Cost Modeling of Pesticide Use.
Washington: U.S. Environmental Protection Agency, August
1977.

"Federal Insecticide Fungicide and Rodenticide Act." 7 U.S.
Code Annotated, Section 136.

Feller, Irwin and Flanary, Patricia E. "Economic and Politi-
cal Aspects of the Benefits and Costs of Food Regula-
tion." Association of Food and Drug Officials Quarterly
Bulletin 44, No. 1 (January 1980): pp. 47-59.

"FIFRA Changes, OPP Reorganization Prime Topics of Pesticide
Regulation Course." Pesticide and Toxic Chemical News,

Fiorino, Daniel J. and Metlay, Daniel S. "Theories of Agency
Failure, or, Why Regulatory Agencies Continue to Be
Unreliable When the Solutions Seem So Obvious."™ Paper
presented at Annual Meeting of the American Political
Science Association, 1977,

Fraenkel, R. and Hadwiger, D. "The Agricultural Policy
Process.” Policy Studies Journal 4, No. 1 (Autumn
1975): pp. 20-25.

Freeman, A. Myrick, III. The Benefits of Environmental
Improvement: Theory and Practice. Baltimore, MD: Johns
Hopkins University Press, 1979,

Freeman, Linton C. Elementary Applied Statistics: For
Students in Behavioral Sciences. New York: John Wiley
and Sons, Inc., 1965

Gangstad, Edward O. "Benefit/Cost Analysis of Silvex Can-
cellation.®™ Journal of Aquatic Plant Management 20
(1982): pp. 45-49,.

Green, M.B. Pesticides: Boon or Bain? Boulder, CO:
Westview Press, 1976.

Gusman, Sam; von Moltke, K.; Irwin, F. and Whitehead, C.
Public Policy for Chemicals: National and International
Issues. Washington: The Conservation Foundation, 1980.

Hapgood, Fred. "Risk Benefit Analysis: Putting a Price on
Life." The Atlantic Monthly, January 1979, pp. 33-38,




-297-

Haveman, Robert H. and Weisbrod, Burton A. "Defining Bene-
fits of Public Programs: Some Guidance for Policy
Analysts.” In Public Expenditure and Policy Analysis,
pp. 135-160. Edited by Robert H. Haveman and Julius
Margolis. Chicago, IL: Rand McNally College Publishing
Co. 1977.

Hildreth, R. James. "Economists, Regulation and Public
Policy." American Journal of Agricultural Economics 61,
Number 4, Part 2 (November 1979): pp. 755-759.

Hirschman, Albert O. Exit, Voice, and Loyalty. Cambridge,
MA: Harvard University Press, 1970.

Honeycutt, R.C., and Ballantine, L.G. "Application of Mathe-
matical Modeling Results for Environmental Risk Assess-
ments." Paper presented at American Chemical Society
Symposium, September 15, 1982,

Johnson, Edwin L. "Risk Assessment in an Administrative
Agency." The American Statistician 36, No. 3, Part 2
(August 1982): pp. 232-239,

Joskow, Paul L., "Inflation and Environmental Concern:
Structural Change in the Process of Public Utility Price
Regulation.” Journal of Law and Economics 17, No. 2
(October 1974): pp. 291-327.

Kelman, Steven. "Regulation by the Numbers: A Report on the
Consumer Product Safety Commission.® The Public Inter-

est 36 (Summer 1974): pp. 83-102,

Kohlmeier, Louis M. "The Regulators and the Regulated."™ 1In
The Political Economy of Federal Policy, pp. 256-260.
Edited by Robert H. Haveman and Robert D. Hamrin. New
York: Harper and Row Publishers, 1973.

Lave, Lester B. The Strategy of Social Regulation. Washing-
ton: The Brookings Institution, 1981.

Lowrance, William W. Of Acceptable Risk: Science and the
Determination of Safety. Los Altos, CA: William Kauf-
mann, Inc., 1976.

Majone, Giandomenico. "Process and Outcome in Regulatory
Decision-Making."™ American Behavioral Scientist 22, No.
5 (May/June 1979): pp. 561-583,

March, James G. and Simon, Herbert A. Organizations. New
York: John Wiley and Sons, Inc., 1958,

Maynard-Moody, Steven and McClintock, Charles C. "Square
Pegs in Round Holes: Program Evaluation and Organi-
zational Uncertainty."™ Policy Studies Journal 9, No. S
(Spring 1981): pp. 644-666.




-298-

McCraw, Thomas K. "Regulation in America: A Review
Article.” Business History Review 49, No. 2 (Summer
1975): pp. 159-183.

McFadden, Daniel. "The Revealed Preferences of a Government
Bureaucracy: Empirical Evidence." Bell Journal of

Economics 7, No. 1 (Spring 1976): pp. 55-72,

McKenzie, Richard B. and Macaulay, Hugh H. "A Bureaucratic
Theory of Regulation.” Public Choice 35 (1980): pp.
297-313.

Mishan, E.J. Cost-Benefit Analysis: New and Expanded Edi-
tion. New York: Praeger Publishers, 1976.

Mitnick, Barry M. The Political Economy of Regulation:
Creating, Designing and Removing Regulatory Forms. New
York: Columbia University Press, 1980.

Moffitt, L. Joe and Farnsworth, R.L. "Bioeconomic Analysis
of Pesticide Use." Agricultural Economics Research 33,
No. 4 (October 1980): pp. 12-18,

Mueller, Dennis C. Public Choice. New York: Cambridge Uni-
versity Press, 1979.

National Research Council. Pesticide Decision-Making. Wash-
ington: National Academy of Sciences, 1977.

National Research Council. Decision-Making in the Environ-
mental Protection Agency, vols. IIa and IIb. Washington:
National Academy of Sciences, 1977.

Nelkin, Dorothy and Pollak, Michael. "Problems and Proce-
dures in the Regulation of Technological Risk.” 1In
Making Bureaucracies Work, pp. 259-278. Edited by Carol
H. Weiss and Allen H. Barton. Beverly Hills, CA: Sage
Publications, 1979.

Niskanen, William A. "Bureaucrats and Politicians.™ Journal
of Law and Economics 18 (December 1975): pp. 617-643.

. "Competition Among Government Bureaus."™ American
Behavioral Scientist 22, No. 5 (May/June 1979): pp.
517-524,

Noll, Roger G. Reforming Regulation. Washington: The Brook-
ings Institution, 1971.

. "The Behavior of Regulatory Agencies."™ Review of
Social Economy 29 (March 1971): pp. 15-19,




-299-

Owen, Bruce M. and Braeutigam, Ronald. The Regulation Game:
Strategic Use of the Administrative Process. Cambridge,
MA: Ballinger Publishing Co., 1978,

Park, Rolla Edward, ed. The Role of Analysis in Regulatory
Decisionmaking: The Case of Cable Television. Lexing-
ton, MA: Lexington Books, 1973,

Peltzman, Sam. "Toward a More General Theory of Regulation."
Journal of Law and Economics 19, No. 3 (October 1976):

Porter, Michael E. and Sagansky, Jeffrey F. "Information,
Politics and Economic Analysis: The Regulatory Decision
Process in Air Freight Cases." Public Policy 24, No. 2
(Spring 1976): pp. 263-307.

Portney, Paul R., ed. Current Issues in U.S. Environmental
Policy. Baltimore, MD: Johns Hopkins University Press,
1978.

Posner, Richard A. "Taxation by Regulation." Bell Journal of
Economics and Management Science 2, No. 1 (Spring 1971):
pp. 22-50.

« "Theories of Economic Regulation.” Bell Journal
of Economics and Management Science 5, No. 2 (Autumn,
1974): pp. 335-358,

Reynolds, Larry. "Foundations of an Institutional Theory of
Regulation."” Journal of Economic Issues 15, No. 3
(September 1981): pp. 641-656.

"Risks and Challenges: An Interview with Dr. John A. Tod-
hunter.® EPA Journal 7, No. 10 (November/December 1981):
pp. 10-12,

Roberts, Marc J. "An Evolutionary and Institutional View of
the Behavior of Public and Private Companies.” American
Economic Review 65 (May 1975): pp. 415-427.

Rodricks, Joseph V. "Risk/Benefit Assessment: Or Some Notes
on Cost-Benefit Analysis in Regulation of Food Chemi-
cals." Association of Food and Drug Officials Quarterly
Bulletin 43, No. 1 (January 1979): pp. 3-12.

Roos, Leslie L., Jr., and Liroff, Richard A. "Political
Dynamics and Environmental Policy."” Policy Studies

Journal 1, No. 4 (Summer 1973): pp. 226-233,

"RPAR Process Reformed Almost Beyond Recognition."™ Pesticide
and Toxic Chemical News, 28 April 1982, pp. 9-11.




-300-

Russell, Milton and Shelton, Robert B. "A Model of Regula-
tory Agency Behavior."™ Public Choice 20 (Winter 1974):
ppo 47-620

Sabatier, Paul. "The Acquisition and Utilization of Techni-
cal Information by Administrative Agencies."” Adminis-
trative Science Quarterly 23 (September 1978): pp.
396-417.

Samuels, Warren J. "Legal-Economic Policy."™ Policy Studies
Journal 2, No. 1 (Autumn, 1973): pp. 12-15,

« "Public Utilities and the Theory of Power." In
Perspectives in Public Regulation: Essays on Political
Economy, pp. 1-33. Edited by Milton Russell. Carbon-
dale, IL: Southern Illinois University Press, 1973.

, Schmid, A. Allan and Shaffer, James D., "Regula-
tion and Regulatory Reform: Some Fundamental Concep-
tions." In Law and Economics: An Institutional Per-
spective, pp. 248-266. Edited by Warren J. Samuels and
A. Allan Schmid. Boston, MA: Martinus Nijhoff Publish-
ing, 1981.

and Shaffer, James D. "Deregulation: The Principal
Inconclusive Arguments.” East Lansing, MI, 1982,

Schmid, A. Allan. "Analytical Institutional Economics: Chal-
lenging Problems in the Economics of Resources for a New
Environment." American Journal of Agricultural Eco-
nomics 54, No. 5 (December 1972): pp. 893-901.

. "Political Economy of Public Investment.” East
Lansing, MI, January 1980.

. Property, Power and Public Choice: An Inquiry
into Law and Economics. New York: Praeger Publishers,
1978.

Schuck, Peter H. "Regulation: Asking the Right Questions."
National Journal, 28 April 1979, pp. 711-717.

Schwerin, Don S. and Coyer, Brian W. "Institutions and
Knowledge as Determinants of Regulatory Performance:
Toxic Chemicals and Electricity.” Paper presented at
the Symposium on Regulatory Policy, Houston, TX, Novem-
ber 1979.

Shaffer, James D. "Observations on the Political-Economics
of Regulations.” American Journal of Agricultural Eco-
nomics 61, No. 4, Part 2 (November 1979): pp. 721-731.




-301-

Shapiro, David L. and Shelton, Robert B. “The Application of
an Agency Decision-Making Model."™ Public Choice 32
(Winter 1977): pp. 51-65.

Starling, Grover. The Politics and Economics of Public
Policy: An Introductory Analysis with Cases. Homewood,
IL: The Dorsey Press, 1979,

Steiner, Peter O. "The Public Sector and the Public Inter-
est.” In Public Expenditure and Policy Analysis, pp.
27-66. Edited by Robert H. Haveman and Julius Margolis.
Chicago, IL: Rand McNally College Publishing Company,
1977.

Stigler, George J. "The Theory of Economic Regulation.”
Bell Journal of Economics and Management Science 2, No.
1 (Spring 1971): pp. 3-21.

Thurber, James A. "Legislative-Administrative Relations."”
Policy Studies Journal 5, No. 1 (Autumn 1976): pp.
56"65 .

U.S. Congress Office of Technology Assessment. Environ-
mental Contaminants in Food. Washington: U.S. Govern-
ment Printing Office, December 1979,

U.S. Department of Agriculture/U.S. Environmental Protection
Agency/State RPAR Assessment Team on 2,4,5-T. The Bio-
logic _and Economic Assessment of 2,4,5-T. Washington:
U.S. Department of Agriculture, February 1979.

U.S. Department of Agriculture/U.S. Environmental Protection
Agency/State RPAR Assessment Team on Amitraz. The Bio-
logic _and Economic Assessment of Amitraz. Washington:
U.S. Department of Agriculture, August 1978,

U.S. Department of Agriculture/U.S. Environmental Protection
Agency/State RPAR Assessment Team on DBCP. The Biologic
and Economic Assessment of DBCP. Washington: U.S.
Department of Agriculture, November 1977 and July 1978.

U.S. Department of Agriculture/U.S. Environmental Protection
Agency/State RPAR Assessment Team on Dimethoate. The
Biologic _and Economic Assessment of Dimethoate. Wash-
‘ington: U.S. Department of Agriculture, June 1979.

U.S. Department of Agriculture/U.S. Environmental Protection
Agency/State RPAR Assessment Team on Endrin. The Bio-
logic _and Economic Assessment of Endrin. Washington:
U.S. Department of Agriculture, November 1976 and Feb-
ruary 1977.




-302-

U.S. Department of Agriculture/U.S. Environmental Protection
Agency/State RPAR Assessment Team on Styrchnine,
Styrchnine Sulfate, 1080/1081. The Biologic and Eco-
nomic Assessment of Strychnine, Strychnine Sulfate,
1080/1081, Washington: U.S. Department of Agriculture,
March 1977.

U.S. Environmental Protection Agency. "Draft Rules Governing
Rebuttable Presumption Against Registration (RPAR) Pro-
ceedings: Criteria for the Initiation of RPAR Proceed-
ings."™ Washington, 1982,

. "Health Risk and Economic Impact Assessments of
Suspected Carcinogens: Interim Procedures and Guide-
lines.” Federal Register 41, No. 102 (May 25, 1976):
pp. 21402-21405,

. "Mutagenicity Risk Assessments: Proposed Guide-
lines." _Federal Register 45, No. 221 (November 13,

1980): pp. 74984-74988,

« "Pesticide Registration Guidelines (40 CFR Part
163, Subparts A-P; New)." Federal Register 47, No. 8
(January 13, 1982): pp. 1826-1829.

. "Regulations for the Enforcement of the Federal
Insecticide, Fungicide and Rodenticide Act." Code of
Federal Regulations 40, Chapter 1, Parts 162-164, July
1983,

U.S. Environmental Protection Agency Office of Pesticide
Programs. "2,4,5-T: Position Document 2/3." Washing-
ton: U.S. Environmental Protection Agency, 15 March
1979,

. "Amitraz (BAAM): Position Document 1." Washing-
ton: U.S. Environmental Protection Agency, 4 March 1977.

. "Amitraz (BAAM): Position Document 3." Washing-
ton: U.S. Environmental Protection Agency, 6 January
1979,

. "Amitraz (BAAM): Position Document 4." Washing-
ton: U.S. Environmental Protection Agency, 4 June 1979,

. "Chlorobenzilate: Position Document 3." Washing-
ton: U.S. Environmental Protection Agency, 11 July 1978,

. "Chlorobenzilate: Position Document 4." Washing-

ton: U.S. Environmental Protection Agency, 13 February
1979,



-303-

. "Compound 1080 and 1081: Position Document 1."
Washington: U.S. Environmental Protection Agency, 27
October 1976.

. "Decision and Emergency Order Suspending Registra-
tions for Certain Uses of 2-(2,4,5-Trichlorophenoxy)
Propionic Acid (Silvex); Notice of Intent to Cancel
Certain Registrations of Pesticide Products Containing
Silvex; Suspension Order for Silvex."” Washington: U.S.
Environmental Protection Agency, 28 February 1979.

. "Dibromochloropropane (DBCP): Final Position
Document.” Washington: U.S. Environmental Protection
Agency, 6 September 1978,

. "Dibromochloropropane: Suspension Order and Notice
of Intent to Cancel.” Federal Register 44, No. 219
(November 9, 1979): pp. 65135-65179.

. "Dimethoate Position Document 2/3." Washington:
U.S. Environmental Protection Agency, 19 November, 1979.

. "Endrin: Notice of Intent to Cancel Registrations
and Denial of Applications for Registration of Pesticide
Products Containing Endrin, and Statement of Reasons."
Federal Register 44, No. 144 (July 25, 1979): pp. 43632-
43657.

« "Endrin: Position Document 2/3." Washington:
U.S. Environmental Protection Agency, 18 October 1978.

. "Final Determination Concerning the Rebuttable
Presumption Against Registration for Certain Uses of
2,4,5-T; Notice of Intent to Hold a Hearing to Determine
Whether or Not Certain Uses of 2,4,5-T Should Be Can-
celed; Publication of Final Position Document Concerning
All Non-Suspended Uses of 2,4,5-T." Federal Register

44, No. 241 (December 13, 1979): pp. 72316-72341.

o« "Fluoroacetamide (Compound 1081): Position Docu-
ment 2." Washington: U.S. Environmental Protection
Agency, 28 February 1980.

. "Notice of Determination Not to Initiate a Rebut-
table Presumption Against Registration of Pesticide
Products Containing Carbaryl."™ Federal Register 45, No.
241 (December 12, 1980): pp. 81869-81876.

. "Notice of Determination Not to Initiate a Rebut-
table Presumption Against Registration of Pesticide

Products Containing Triallate.” Federal Register 45,
No. 242 (December 15, 1980): pp. 82349-82352,



-304-

. "Notice of Intent to Cancel Registrations and Deny

Applications for Registration of Pesticide Products

Containing Pronamide." Federal Register 44, No. 209
(October 26, 1979): pp. 61640-61651.

. "Notice of Presumption Against Registration and

Continued Registration of Pesticide Products Containing

Chlorobenzilate."”™ Federal Register 41, No. 103 (May 26,
1976): pp. 21517-21519.

. "Notice of Rebuttable Presumption Against Regis-
tration and Continued Registration of Pesticide Products
Containing 2,4,5-T." Federal Register 43, No. 78 (April
21, 1978): pp. 17116-17157.

. "Notice of Rebuttable Presumption Against Regis-
tration and Continued Registration of Pesticide Products
Containing Amitraz." Federal Register 42, No. 66 (April
4, 1977): pp. 18298-18303.

. "Notice of Rebuttable Presumption Against Regis-
tration and Continued Registration of Pesticide Products
Containing Dibromochloropropane (DBCP)." Federal Reg-_
ister 42, No. 184 (September 22, 1977): pp. 48026-48045.

. "Notice of Rebuttable Presumption Against Regis-
tration and Continued Registration of Pesticide Products
Containing Dimethoate.® Federal Register 42, No. 176
(September 12, 1977): pp. 45806-45816.

. "Notice of Rebuttable Presumption Against Regis-
tration and Continued Registration of Pesticide Products
Containing Endrin." Federal Register 41, No. 145 (July
27, 1976): pp. 31316-31337,

. "Notice of Rebuttable Presumption Against Regis-
tration and Continued Registration of Pesticide Products
Containing Pronamide."” Federal Register 42, No. 98 (May
20, 1977) pp. 25906-25911.

. "Notice of Termination of Rebuttable Presumption
Against Registration of Pesticide Products Containing
Fluoroacetamide (Compound 1081)." Federal Register 45,
No. 41 (February 28, 1980): pp. 13189-13191.

. "Pesticide Products Containing Dibromochloropro-

pane (DBCP) and Statement of Reasons: Intent to Cancel

the Registrations or Change the Classifications.™
Federal Register 42, No. 212 (November 3, 1977): pp.

57545-57548,




-305-

. "Pesticide Products Containing Dimethoate; Final
Notice of Determination Concluding Rebuttable Presump-
tion Against Registration and Continued Registration.”
Federal Register 46, No. 12 (January 19, 1981): pp.
5334-5369.

. "Position Document #1 on Endrin." Washington:
U.S. Environmental Protection Agency, 12 July 1976.

. "Pronamide: Position Document 2/3." Washington:
U.S. Environmental Protection Agency, 15 January 1979.

. "Rotenone; Notice of Completion of Pre-RPAR
Review." Federal Register 46, No. 135 (July 15, 1981):
p. 36745.

. September 1983 Status Report on Rebuttable Pre-
sumption Against Registration (RPAR) or Special Review,

Registration Standards and the Data Call-In Program.
Washington: U.S. Environmental Protection Agency, Sep-
tember 1983.

. "Silvex: Position Document 1/2/3." Washington:
U.S. Environmental Protection Agency, 9 July 1979.

U.S. Environmental Protection Agency Office of Pesticide
Programs and Office of Water and Hazardous Materials. A
Benefit-Cost System for Chemical Pesticides. Washing-
ton: U.S. Environmental Protection Agency, January 1976.

U.S. House of Representatives Committee on Governmental
Operations. Hearings on EPA's Implementation of the

Pesticides Control Act. Washington: U.S. Government
Printing Office, 1976.

van Ravenswaay, Eileen O. "Political Economics of Regula-
tion."” Paper presented to Michigan State University
Department of Entomology, East Lansing, MI, 30 October
1980.

. "The Science-Policy Interface."” PCB's: Human and
Environmental Hazards. Edited by Frank D'Itri and
Michael Kamrin. Ann Arbor, MI: Ann Arbor Science Pub-
lishers, Inc., 1983.

and Hull, Beth A. "Regulatory Decision-Making on
Toxic Substances in Food." Paper presented at the
Public Choice Society Meetings, New Orleans, LA, March
1981.



-306-

and Wallace, L. Tim. "Changing Agricultural Market-
ing Programs.” In Federal Marketing Programs in Agri-

culture: Issues and Options, pp. 305-326. Edited by
Walter J. Armbruster, Dennis Henderson and Ronald D.
Knutson. Dansville, IL: The Interstate Printers and
Publishers, 1983.

Viscusi, W. Kip, and Zeckhauser, Richard J. "Optimal Stan-
dards with Incomplete Enforcement." Public Policy 27,
No. 4 (Fall 1979): pp. 437-456.

Wade, Larry L. "Economics Applied to Policy Studies.”
Policy Studies Journal 2, No. 1 (Autumn 1973): pp.
15-18.

Weaver, Paul H. "Regulation, Social Policy and Class Con-
flict." The Public Interest 50 (Winter 1978): pp.
45-63.

Wessel, Milton R. Science and Conscience. New York: Colum-
bia University Press, 1980.

Wilson, James Q. The Politics of Regulation. New York:
Basic Books, Inc., 1980, pp. 357-394.

Wright, Charles L. "A Note on the Decision Rules of Public
Regulatory Agencies."™ Public Choice 31 (Fall 1977): pp.
151-155.




