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FOREWORD

This study is one of a series commissioned by the
Economic Council's Regulation Reference which deals with various
aspects of environmental regulation. These studies 4o not pro-
fess to cover the whole field of environmental regulation but
they do focus on several important areas of concern.

The following is a list (alphabetically by author) of
environmental studies to be published in this series:

**%* Bankes, Nigel and Andrew R. Thompson, An Analysis of the
Legal and Administrative Framework for Monitoring and
Feedback Systems in Impact Assessment and Management

* Dewees, Donald N., Evaluation of Policies for Regulating
Environmental Pollution

***  Dorcey, Anthony H.J., Michael W. McPhee and Sam Sydneysmith,
Environmental Regulation of Timber Harvesting and Log
Transportation: Salmon and the B.C. Coastal Forest

Industrz

* PFelske, Brian E. and Associates Ltd. and Robert Gibson,
Sulphur Dioxide Regulation and the Canadian Non-ferrous
Metals Industry

** Hunt, Constance D. and Alastair R. Lucas, The Impact of
Environmental Regulation on Major Oil and Gas Projects:
0il Sands and Arctic

* Nelson, J.G., J.C. Day and Sabine Jessen, Environmental
Regulation of the Nanticoke Industrial Complex

* Nemetz, Peter, John Sturdy, Dean Uyeno, Patricia Vertinsky,
Ilan Vertinsky and Aidan Vining, Regqulation of Toxic
Chemicals in the Environment

Rohlich, Gerard A. and Richard Howe, The Toxic Substances
Control Act: Overview and Evaluation

Swaigan, John Z., Compensation of Pollution Victims in
Canada

***  Thompson, Andrew R., Environmental Regulation in Canada: An
Assessment of the Regulatory Process

Victor & Burrell, Research & Consulting, Environmental
Protection Regulation, Water Pollution, and the Pulp and
Paper I[ndustry

1 Already published.

** Ppublished separately by the Canadian Institute of Resources
Law, The University of Calgary.

*** published scparately by Westwater Research Centre, University
of British Columbia.
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Résumé

Une des principales questions sur laquelle doivent se pencher les
systémes économiques et politiques consiste 3 décider quel degré d'exposi-
tion aux produits chimiques dans 1l'environnement est socialement acceptable.
L'établissement de ce niveau optimal n'est pas chose simple, puisqu'il con-
stitue une prise de décision sociale et, comme tel, s'expose a certains des
plus importants problémes associés a ce processus. Parmi ces problémes,
mentionnons les difficultés suscitées par 1l'information et 1l'incertitude, et
la nécessité de prendre des décisions rationnelles sur des questions pré-

supposant des jugements de valeur.

L'information relative aux effets des produits chimiques sur 1la

-

santé et 1l'environnement biologique et physique en général est a la fois
difficile et coliteuse 2 colliger. Les longues périodes de latence, les
effets difficilement décelables, les répercussions sélectives et l'irréver-
sibilit@ sont tous des problémes qui ajoutent & la difficulté d'identifier
et de réparer la detérioration biologique occasionnée par les produits

chimiques.

L'utilisation de produits chimiques s'accompagne d'un autre impor-
tant probléme, soit la répartition inégale des colits et des bénéfices so-
ciaux. Il nous est impossible de compter exclusivement sur le systéme du
marché libre, comme régulateur des produits chimiques dans notre sociét&, en

raison de certaines externalités négatives.

Les effets complexes et incertains des contaminants chimiques et
1'inaptitude du marché a &valuer les coflits et les bénéfices sociaux militent
fortement en faveur de 1l'intervention du gouvernement. Le défi auquel
doivent faire face les analystes des politiques et les décisionnaires pub-
lics concernant le contrdle des produits chimiques consiste 3 déterminer la
structure et 1'@tendue appropriées de la réglementation publique nécessaire.

Nos recherches révélent que le fardeau de la réglementation de 1'en-
vironnement sur 1'industrie des produits chimiques n'est ni excessve, ni
trop onéreuse. Cette conclusion appelle cependant au moins deux réserves.
Premiérement, 1'industrie canadienne des produits chimiques est largement
diversifiée et comprend des entreprises qui se distinguent par leur taille,
leurs technologies et 1'éventail de leurs produits. Les répercussions de la
réglementation se répartissent donc inégalement. 11 semble que les produc-
teurs moins importants soient davantage touch&s par les exigences de la
réglementation, qui réduisent les marges bén&ficiaires et leur imposent des
colits proportionnellement plus @levés. Les différences dans les technolo-~
gies et 1'éventail des produits signifient que les compagnies sont plus ou

moins vulnérables a certains réglements, selon le mélange des composés chi-
miques utilisés et la facilit@ avec laquelle ils peuvent &tre substitués.

- iii -



Deuxidmement, les mesures de protection de l'environnement ne sont qu'un des
nombreux ensembles de réglements publics dont doivent s'accommoder les pro-
ducteurs de produits chimiques. Toute estimation du fardeau de la réglemen-

tation doit donc tenir compte des colits globaux imposés a 1l'industrie.

En nous fondant sur notre analyse des colits tels que décrits par les
compagnies de produits chimiques, nous estimons que les colits d'exploitation
moyens engendrés par le contrdle de la pollution dans 1'industrie chimique
sont de 1l'ordre de 5 3 10 %Z (en pourcentage du revenu net). Le pourcentage
awoyen de 1'investissement en capitaux qui peut &tre attribu@ aux exigences
en matigre de protection de l'environnement est @valué aux environs de 6 3
9 %. Toutefois, il se peut qu'en rétrospective, cet investissement se ré-
véle un avantage économique direct pour 1'industrie, tout en &tant bénéfique
pour la société. Dans l'ensemble, le coilit de la réglementation relative 3
la protection de 1'environnement représente environ 0,25 3 1,0 % du revenu
realisé par le produit.

Un probléme important dont ne tiennent pas pleinement compte les
eétats passés des dépenses affectées 3 la protection de 1l'environnement a
trait 3 1'élimination et au recyclage des dechets. Dans les qdelques années
a venir, nous prévoyons que l'industrie aura 3 investir considérablement
dans les installations et la nouvelle technologie nécessaires pour disposer
des déchets chimiques toxiques. 11 faut s'attendre aussi 3@ ce que les coiits
augmentent par suite de la réglementation fédérale et provinciale prévue
pour le transport des produits dangereux.

Notre etude révéle que la majeure partie des compagnies sont d'avis
qu'une diminution de la réglementation concernant la protection de l'envi-
ronnement aurait peu d'effet sur les sommes consacrées 3 la recherche et au
développement dans 1'industrie, sur les exportations, les prix des produits,
le volume des ventes, les béné&fices et la concurrence exercée par les manu-
facturiers etrangers.

L'existence d'un régime fédéral au Canada ajoute une importante di-
mension 3 1l'activit@ de reéglementation; il y a toujours en effet, la possi-
bilité de dédoublement de 1l'intervention gouvernementale. Il existe un che-
vauchement considérable dans plusieurs domaines de réglementation fédérale
et provinciale de 1l'industrie chimique, qui engendre & la fois des colts et
des bénéfices. Certaines compagnies membres de 1l'industrie ont accusé les
deux paliers de gouvernement de jouer 3 saute-mouton, multipliant les régle-
ments dans le but de prendre la haute main dans le domaine de la protection
de 1'environnement. Bien que la situation actuelle ait pour effet d'intro-
duire un certain degré d'incertitude dans le processus de prise de décisionms
et d'augmenter le niveau des coilits des transactions, il y a de fortes rai-
sons qui justifient la présence des deux paliers de gouvernement dans ce
domaine.
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Les gouvernements provinciaux, lorsqu'ils &tablissent des régle-

[

ments, sont mieux en mesure de tenir compte, jusqu'a un certain point, des
conditions locales particuliéres. Les efforts du gouvernement f&déral de-
vraient viser 3 compléter le rdle des provinces en assurant la conformité 3
certaines normes minimales 3@ 1'&chelle nationale et en prévenant la balkani-
sation et les initiatives concurrentielles de l'industrie au détriment de

1'intégrité de l'environnement.

De fagon générale, si nous appliquons 1l'expérience américaine au
Canada, nous pouvons conclure qu'd 1l'heure actuelle, l'ensemble des avan-
tages sociaux de la réglementation dépasse les colits qu'elle engendre.
Néanmoins, il y a lieu de reconnaltre en méme temps un besoin de ration-

naliser le systéme de réglementation de fagon 3 augmenter son efficacité et
sa flexibilité.

Notre analyse propose des modifications marginales au systéme dans
deux importants domaines, dans le but de minimiser les risques d'une régle-
mentation trop poussée ou d'un manque de protection. Ces deux domaines
sont : (i) la fonction relative & la production, 1'&valuation et 1l'utilisa-
tion des données, et (ii) la structure légale et institutionnelle du proces-
sus de prise de décision, y compris la part que doivent y jouer le public,
les droits et les responsabilités de 1'industrie, des gouvernements et du
grand public, ainsi que les mécanismes visant a& faciliter et 3 rationnaliser

le processus de prise de décisions.




Summary

One of the central questions which economic and political systems must
address is what exposure to chemicals in the environment is socially accept-
able. The determination of this optimal level of production is a complex
issue, as it encountets some of the most important problems associated with
the process of social decision making. Foremost among these problems are
questions of information, uncertainty, and the need for rational decision

making on issues which require value judgments.

Information on the effects of chemicals on human health and the gen-
eral biological and physical environment is both difficult and expensive to
gather. Long latency periods, sub-clinical effects, selective impacts and
irreversibilities are all problems which compound the difficulty of iden-—
tifying and rectifying chemical-induced biological damage.

Another major problem which attends the use of chemical compounds is
the imbalanced distribution of social costs and benefits. The existence of
negative externalities precludes sole reliance on the free market system as
a regulator of chemical production in our society.

The complex and uncertain effects of chemical contaminants and the
inability of the market to account for social costs and social benefits pre-
sent a strong case for a government presence. The challenge facing policy
analysts and government decision makers in the area of chemical control is
to determine the appropriate structure and extent of governmental regu-
lation.

Our research indicates that the total burden on the chemical industry
from environmental regulation is not excessive or unduly onerous. At least
two qualifications to this conclusion are required. First, the chemical
industry in Canada is diverse and marked by variations in corporate size,
technologies and breadth of product line. The distribution of regulatory
impact is consequently unequal. It appears that smaller producers may be
affected more seriously by regulatory requirements which squeeze profit mar-
gins and impose proportionately larger transaction costs on companies of
limited size. Differences in technologies and product lines imply selective
vulnerability to particular regulations depending on the mix of compounds
used in production and the ease of substitutability. Second, environmental
controls are only one of numerous government regulations faced by chemical
producers. An estimate of the regulatory burden must therefore consider
total costs imposed on industry.

On the basis of our analysis of costs provided by chemical com—
panies, we estimate the average operating costs for pollution abatement in

the chemical industry (as a percentage of net income) to be in the range of
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5-10 percent. The average percentage of capital investment that can be at-
tributed to demands of environmental protection is estimated to be in the
range of about 6-9 percent. However, some of this investment may prove, in
hindsight, to be of direct economic benefit to the industry as well as being
socially beneficial. In total, the cost of environmental regulation repre-
sents approximately 0.25-1.0 percent of product revenue.

A significant problem which has not been addressed fully in past
expenditures on environmental protection is waste management. In the next
few years, significant investment in disposal facilities and technological

redesign to deal with toxic chemical wastes is anticipated. Higher future
costs are also anticipated to accrue from expected federal and provincial
regulation of the transportation of hazardous materials.

Our study indicates that a majority of companies consider that a
relaxation of environmental regulation would have an insignificant impact on
industry R&D budgets, exports, product prices, sales volume, profits and
competition from foreign manufacturers.

The existence of a federal system in Canada creates an important
additional issue in the field of regulatory activity -- the potential for
duplication in government intervention. There is significant overlap in
several areas of federal and provincial control of the chemical industry.
This overlap has both costs and benefits. Industry has complained of what
it perceives as "leap-frogging” regulations by both levels of government in
an attempt to gain primacy in the field of environmental control. While
this situation introduces some uncertainty into the decision making process
and increases the level of transaction costs, there are strong reasons for

the presence of both levels of government in this area.

Provincial goverments are able to make some allowances for distinc-
tive local conditions in the setting of regulations. The activity of the
federal government should complement the provincial role by guaranteeing
that certain minimum standards are achieved nation-wide and by averting a
process of balkanization and competitive bidding for industry at the expense

of environmental integrity.

If the U.S. experience is applied conservatively to Canada, it can
be concluded that, at this time, the total social benefits from regulation
exceed the costs. Nevertheless, there is a concomitant need to rationalize
the system of regulatory control to increase its efficacy and flexibility.

Our analysis proposes marginal modifications to the system in two
critical areas to minimize the risks of over regulation or under protection:
(i) the role of information generation, evaluation and use; and (ii) the le-
gal and institutional structure of the decision making process —-= including
the role of public participation, the rights and responsibilities of indus-
try, government and the general public, and mechanisms to facilitate and
rationalize the decision making process.
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Introduction

This paper reports on work conducted by the Regulation of Toxic
Chemicals Study Group as part of a sequence ;f research projects on
environmental regulation in Canada. These projects were initiated and
supported by the Economic Council of Canada as part of its Regulation
Reference. The Reference originated at the meeting of First Ministers,
February 13-15, 1980. The Communique issued at the end of the meeting
said, in part:

The burden of government regulation on the private
sector should be reduced and the burden of overlapping
federal and provincial jurisdictions should be elimi-
nated. Procedures will be instituted to review the
effects of regulatory action on jobs and costs.

This report consists of two parts and two appendices. Part I is
a summary of the environmental regulatory system and its impact upon
the chemical industry in Canada. The assessment of costs and benefits
of the regulatory system, and analysis of the consequences of its
structure and decision processes, lead to prescriptions for some
practical changes in public policies. These are reported in the
concluding sections of Part 1.

Part I1 consists of the detailed background analysis that leads to
the observations and prescriptions reported in Part I. There are three
policy themes which receive special attention. A paper is devoted to
each theme. The first paper considers the problems and policies of
information acquisition and use for regulation of chemicals in the
environment. The problems of uncertainty which face regulators of

chemicals are of a magnitude several orders larger than the uncertainty

facing regulators of 'classical" air and water pollution. This
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"information poor" environment requires, on the one hand, effective
utilization of existing information and efficient targeting of
investments in research while, on the other hand, judgments about
ranges of risks that society must take and uncertainties it should
absorb. Structures and processes of dectston making assume a parti-
cular importance in an "informatlon poor'" enviromment.

The second paper focuses upon the legal and institutional frame-
work for regulation. This paper assesses the {mpact of the framework
and its dynamics in terms of its tendency to produce "over" or "under"
protection, and the system's vulnerabtlfty to duplicatlon of effort and
inconsistencies of action. Needs to improve the instruments of account-
ability of regulation-making and to strengthen the decision support
system are identified.

The third paper assesses regulation-making methodologies. The
paper observes the need to evaluate the costs and benefits of
regulatory intervention. It explores existing data concerning costs
and benefits of environmental regulation with the chemical industry
as a focus. This paper utilizes available information from the United
States and new information collected as part of the research project 1in
Canada to estimate the direct costs of environmental regulation to the

chemical industry and indirect costs to society (e.g. balance of paywents,
investment, employment, etc.)

The appendix summarizes the judgments of the chemical industry,
environmental regulators and public interest groups in Canada on
preferences among standard setting principles, enforcement strategies,
information diffusion, confidentiality policies and decision making
processes. This appendix is based upon a survey conducted as part

of this study.




Part 1: Report on Regulation of Toxic Chemicals in the Environment

The development of our modern, industrialized system has produced
a broad range of social and economic benefits. Included among these
benefits is the creation of chemical compounds that facilitate
and indeed make possible many contemporary human activities.

The realization of such benefits, however, is not without cost.
Many chemicals and their byproducts have a significant ecological
impact. Recent research has demonstrated that the release of certain
chemicals into man's environment can lead to the production of cancer,
birth defects, genetic damage and a range of acute and chronic diseases.

The central question which our economic and political systems
must address then, is what exposure to chemicals in the environment
is socially acceptable. The determination of this optimal level of
production is a complex issue, as it encounters some of the most
important problems associated with the process of social decision making.
Foremost among these problems are questions of information, uncertainty,
and the need for rational decision making on issues which require value
judgments.

Information on the effect of chemicals on human health and the
general biological and physical environment is both difficult and
expensive to gather. Long latency periods, sub-clinical effects,
selective impacts and irrevergibilities are all problems which compound
the difficulty of identifying and rectifying chemical-induced biological
damage. A significant proportion of the uncertainty concerning such
impacts cannot be easily or inexpensively reduced by current methods
of scientific research. As such, it is often necessary for society

to make judgments on the basis of incomplete information.
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Another major problem which attends the use of chemical compounds
is the imbalanced distribution of social costs and benefits. The
existence of negative externalities precludes sole reliance on the free
market system as a regulator of chemical production in our society.

The complex and uncertain effects of chemical contaminants
and the inability of the market to account for social costs and social
benefits present a strong case for a government presence. The challenge
facing policy analysts and government decision makers in the area of
chemical control is to determine the appropriate structure and extent
of governmental regulation. This task can be achieved only by a detailed
examination of the costs and burdens that regulation impose on industry
and the benefits that accrue to society from the regulatory process. As
in most important social issues, the identification of regulatory costs
is a far easier task than the identification of benefits. This does not
preclude, however, the essential effort to delineate potential benefits
as clearly as possible.

Our research indicates that the total burden on the chemical industry
from environmental regulation is not excessive or unduly onerous. At
least two qualifications to this conclusion are required. First,
the chemical industry in Canada is diverse and marked by variations in
corporate size, technologies and breadth of product line. The distribution
of regulatory impact is consequently unequal. It appears that smaller
producers may be affected more seriously by regulatory requirements which
squeeze profit margins and impose proportionately larger transaction costs
on companies of limited size. Differences in technologies and product lines
imply selective vulnerability to particular regulations depending on the
mix of compounds used in production and the ease of substitutability.

Second, environmental controls are only one of numerous government regulations




faced by chemical producers. An estimate of the regulatory burden must

therefore consider total costs imposed on industry.

On the basis of our analysis of costs provided by chemical companies,
we estimate the average operating costs for pollution abatement in the
;hemical industry (ag a percentage of net income) to be in the range of
5 - 10 percent. [See Part II, Paper 3]. The average percentage of capital
investment that can be attributed to demands of environmental protection
is estimated to be in the range of about 6 - 9 percent. However, some
of this investment may prove, in hindsight, to be of direct economic
benefit to the industry as well as being socially beneficial. 1In
total, the cost of environmental regulation represents approximately
0.25 - 1.0 percent of product revenue.

Expenditures on information acquisition concerning the toxicity of
chemicals are about 4 percent of the resources available for data
acquisition in the United States. Since little research and development
on new chemicals is conducted in Canada, most of the costs associated
with pre-market notification accrue to "foreign parent companies" which
develop the chemicalsf

A significant problem which has hot been addressed fully in past
expenditures on environmental protection is waste management. In the
next few years, significant investment 1in disposal facilities and
technological redesign to deal with toxic chemical wastes is anticipated.
The extent of the expected burden of waste disposal upon industry will
depend on the approach taken by provincial governments with respect to
the management of waste disposal on land. Higher future costs are also
anticipated to accrue from expected federal and provincial regulation of

the transportation of hazardous materials.

* One should note, however, that many parent companies do charge their
subsidiaries royalties which reflcect part of these costs,



Our study indicates that a majority of companies consider
that a relaxation of environmental regulation would have an insignificant
impact on industry R&D budgets, exports, prodﬁct prices, sales volume,
profits and competition from foreign manufacturers. [For details, see
Part 11, Paper 3].

The existence of a federal system in Canada creates an important
additional issue in the field of regulatory activity -- the potential
for duplication in government intervention. There is significant overlap
in several areas of federal and provincial control of the chemical
industry. This overlap has both costs and benefits. Industry has
complained of what it perceives as '"leap-frogging'" regulations by both
levels of government in an attempt to gain primacy in the field of
environmental control. While this situation introduces some uncertainty
into the decision making process and increases the level of transaction
costs, there are strong reasons for the presence of both levels of
government in /this area.

Provincial governments are able to make some allowances for distinctive
local conditions in the setting of regulations. The activity of the
federal government should complement the provincial role by guaranteeing
that certain minimum standards are achieved nation-wide and by averting
a process of balkanization and competitive bidding for industry at the
expense of environmental integrity. It should be stated that the
consultative process between industry and government in Canada for the
formation of environmental regulations tends to moderate potential costs
associated with multi-~level government decision making.

While the benefits from chemical regulation are more difficult to
quantify than the direct costs to industry, they are no less important and

include 1improvements in human health, animal and plant productivity,




material survival and aesthetic values. The value of benefits in Canada

{3 much more uncertain than in the United States since few studies have

been conducted in this country to estimate national benefits of improve-

ments In environmental quality. Without these figures, it is necessary

to rely on U.S. estimates of benefits from pollution control. There
appear to be pronounced similarities in the patterns of regulatory

costs and bhenefits between the two countries. If the U.S. experience

is applied conservatively to Canada, it can be concluded that, at this
time, the total social benefits from regulation exceed the costs.
Nevertheless, there is i concomitant need to rationalize our system of
regulatory control to increcase its efficacy and flexibility. Significantly
increased social beneflits can be achieved by a reallocation of regulatory
efforts.

While it 1is possible to make observations and formulate policy
conclusions and rccommendations concerning the current regulatory situation
in Canada, it is also necessary to go beyond this type of static analysis
and conduct a detalied cxamination ot the dynamics of the structure and
functioning of the repulatory process In order to anticipate the future
pattern of costs and benefits.

The British North America Act of 1867 provides the demarcation of
federal and provincial jurisdictions. Environment, as a general field,
was not covered by the BNA Act. In many instances, environmental
management problems Tie within the Jurlsadiction of both leveln of
government, each of which view 1t from a different perspective. This
difference in perspective {n overlapping areas of jurisdiction may lead
to inconsistencies in the law and its application. The existence of
overlapping jurisdictions, therefore, necessitates effective measures of

coordination to avold conflicts, duplication and unneccssary administrative

burdens upon those affected by the law.



Coordination fs achieved in Canada through both formal and
informal means. The formal means consist of inter-governmental accords
which establish the roles of the federal and provincial governments

with regpect to regulation making and enforcement. The major informal
mechanism is the consultative process employed by the federal government
in regulation making. The process of consultation involves the
establishment of task forces composed of representatives from provincial
govermments and federal departments. The deliberations of these

task forces facilitate the flow of information between the two levels
of government, reducing the likelihood of inconsistencies in
regulations.

The major perceived role of the federal government in the field of
environmental protection includes: (1) the development and provision
of technélogical know-how; (2) the standardization and coordination of
regulations in Canada by developing natlonal guidelines, introducing
base-line standards through regulations (to prevent pollution havens),
and dismeminating Intormat ton; and (1) 1 he management of problem arean
involving interprovincial or international matters.

Provincial governments are oriented toward the adaptive management
of the environment based upon local conditions. The provincial
legislative models, therefore, favour control schemes which utilize
systems of site-specific permits or approvals to regulate discharges of

contaminants into air, water or land.

Legislation provides only a framework which shapes the dynamics of
regulation. Much of the specific content of regulation in Canada is
developed through the exercise of delegated powers by the bureaucracy
in charge. The dynamics of regulation are also affec;ed by the instit-

utional and procedural framework which guides regulation.making in




general, and by the special characteristics of the environmental
political arena, i.e. the network of personal interactions and the
political economy which underlie the decision processes concerning
regulation.

Among the procedures which may have an important constraining
effect upon the proliferation of federal regulations is the Socio-
Economic Impact Analysis (SFTA). This procedure is required of those
federal departments introducing "major'" new regulations in the domains
of Health, Safety and Fairness. The SEIA provides a model for other
governments of a process which increases the accountability of regulators.
The SEIA policy indicates the need to apply risk-benefit, or at least
cost-benefit, analysis in the process of regulation making. However,
1n those instances where the policy has been implemented In the field of
environméntal protection, only a cost-effectiveness analysis has been
employed. This was principally the result of a lack of adequate
information concerning the cxpected benefits of proposed regulations.

The political and bureaucratic environmental airena is characterized
by a struggle to control the locus of decision making. The means of
this struggle may be expansion in the '"productivity" of executives of
different governments In terms of repulation output. The tempering forces
in the politlcal arena tnclude detensive actions by both industry and
governments to protect other (non-environmental) objectives.

The funding of regulation activities concerned with environmental
protection is highly constrained and shrinking in real terms. The

following attributes of the current system can be identified:

(1) generally, environmental regulation making in Canada is based



upon consensus rcached through negotiation with industry. Evidence
suggests that the chemical producers have effectively utilized the
channels for industxial participation to modify many proposals for
regulations which could have had a negative and sometimes unnecessary

impact upon the industry;

(2) the regulatory process leaves great areas of discretion in the
hands of government executives. Discretion, well exercised, implies
flexibility. Discretion, poorly managed, however, may lead to arbi-
trariness. Though the system provides many channels of appeal, the
openness of the system is a source of burden -- the burden of uncertainty;
and

(3) there is a tendency in the system for regulatory "spill-over"
and competitive acceleration in the production of regulations. The formal
mechanisﬁs and policies of some governments encourage this process.

The influence of U.S. repulation through informal contacts of
executives and through foint commlinatonn and the production of Informat fon
18 intense. 1In some cases (c.y. the regulation of beryllium), Canadian
regulators resisted the introduction of U.S. regulations which did not
meet our national needs. In terms of regulation priorities, however, 1t
i3 clear that Canada can benefit from the influence of the United States
which has massive resources available for research and development in
the field of regulation.

The record of Canadlan regulation making and implementation reveals
that, so far, the regulatory process is perhaps less stringent than in
the United States. However, In spite of flexible compliance schedules,
the final envirommental protection stiandards achieved through regulation in

Canada are frequently no lower than those achieved under similar geographical




and ecological conditions in the United States.

The restricted resource base for the development and implementation
of environmental regulations in Canada forces the federal and provincial
governments to seek industrial cooperation. This reliance on cooperation
is a force which moderates regulation. Shifts in public priorities toward
economic and resource goals and ideological pressures for deregulation
have led to a further dampening of regulation growth in the environmental
field. Much of the pressure to deregulate has resulted, however, not in
relaxed standards but In the climination of unnecessary irritants.
Generally, efforts to deregulate are focused upon a reduction of red tape,
integration of services (e.g. "one-stop'" regulatory shopping) and the
introduction of some form of {impact accounting to the process of
regulation making.

The efficacy of the system is measured not only by the quality of
its rule making process but also by the degree to which it can achieve
complinnce with fta valea. Thin compliance can be galned through pernunston
and/or coercion. The Canadian system, to a great extent, promotes voluntary
compliance. The major vehicle in this process is consultation between govern-
ment and industry throughout the regulation-making and implementation phases.
The cooperative (as opposed to adversarial) mode of Interaction usually
leads to mutual understanding between regulators and industrial exec-
utives. This process of co-optation through participation promotes, to
a certaln degree, adoption of the norms of social responsibility within
the industry. Participation not only reduces resistance to regulation,

but also ensures feasibility of implementation and a more accurate flow
of informatlion to c¢xpand the regulation and technological options

available to industry.
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The formal effort to disseminate Information concerning environ-
mental regulation is limited by the small budgets allocated for such
activities. Thereforc, an important "cducational' role is performed by
trade associations and theilr technical cémmittees. Though the prime role
of these associations is the advancement of industry interests, they also
serve as an excellent channel of information between government and industry.
Canadian unions and public interest groups, on the other hand, have played a
relatively insignificant role in promoting compliance with environmental
regulations. Most unions have, as thelr natural focus, the plant environment
rather than the larger external environment. Public interest groups 1n
Canada have tended to focus their activities on influencing the regulation
making process rather than on day-to-day environmental surveillance.
Without government financing, this limited role of public interest groups

will prevall in the future.

The pool of resources for environmental regulation "enforcement'
in Canada 13 shallow and is l{kely to remain so.  General public concerns
about excessive bureaucratic growth will constrain the pool of resources
dedicated to enforcement of environmental regulation. This means selective
enforcement efforts.

The discretion and selectivity which arc exercised in the enforcement
of regulation frequently create uncertainty. This uncertainty often
leads to feelings of victimization on the part of industry and the
perception that power 1s used arbitrarily. These negative perceptions
and feelings are minimized when enforcement practices empﬁasize openness
and communication with affected parties. Equity and reason are, therefore,
two principles of ecffective enforcement policy.

To conclude, the Canadlan system (s in an equilibrium of checks and
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balances producing environmental regulation at a8 moderate pace. The
system enjoys, however, a large degree of flexibility which will permit
it to respond swiftly to new demands for regulation. This flexibility
is a source of uncertainty and, in industry's view, may leave the system
susceptible to "over" regulation resulting from power stratepies of
participating governmunts.

Our analysis proposes marginal modifications to the system in two
critical areas to minimize the risks of over regulation or under protection:
(1) the role of information generation, evaluation and use; and
(11) the legal and instlitutional structure of the decision making process
-- including the role of public participation, the rights and responsibilities
of industry, government and the general public, and mechanisms to ’

facilitate and rationalize the decision making process.

PRESCRIPTIONS

Information, Generation, Fvaluation and Use

(1) Full utilization of available information about chemicals
requires the establishment of a network which interconnects the many
existing information systems to permit efficient retrieval. The network
must be augmented by groups of experts to facilitate procéssing and
integration of data. These proups should be equipped with a decislon
support system to reduce biases in assessment. Organizational
mechanisms such as sclence courts or mediation boards should be
established to evaluate quality and validity of information inputs
in order to resolve questions which are largely technical.

(2) Standardized protocols of testing and other data acquisition
procedures should be developed to permit the collection of consistent
and comparable information. Monitoring programs should be established

as part of the network to provide early warning of potential environ-
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mental threats and permit accumulation of experience through quasi-
experiments. For example, a quasi-experiment could include changes
in the use of compounds as experimental interventions in what have
been called interrupted time-series designs.

(3) A multi-tier system of information acquisition should be
implemented which 1s based on the criterion of maximizing the
expected net value of i{nformation. Such factors as level of exposure,
persistence, suspected adverse impacts, perceived benefits of a chemical,
and control possibilities offered by hetter information would simul-
taneously form the basis for movement upwards in the tiers. Formal
criteria should be tempered by the employment of discretion to permit

recognition of individual characteristics of compounds and their patterns

of use.

(4)'Since many of the questions of information interpretation and
acquisition are questions of values, forums for public participation should
be established. A communication strategy should be implemented with the
objectives of providing information, triggering value identification
and opinion formation processes, and improving societal abilities to
process risk information. Since so little 19 known about the optimal
formats for information diffusion and public participation, it is
necessary to experiment with a diversity of techniques in order to find
those formats which lead to societal consensus without inhibiting
technical progress or taking irreversible and unwarranted risks. #

(5) Movement toward an informed society requires openness in
information systems. 7o ensure the integrity of information collection
and preservation of rights, the confidentiality of valuable information

must be secured and compensation provided for economically valuable




information that may be released without authorization. Mechanisms for
the release of confidential information in the public interest should
insure that the rights of all parties involved receive adequate
protection. Where risks are Imposcd on a population, society has the
right to be informed. This right implies an obligation on those who
are the sources of risks to ensure that those who are exposed, or may
be exposed, to such risks are kept fully informed. Only with these
safeguards will each member of society be able to make intelligent and
informed decisfons on matters of importance and concern to all.

(6) Recent attempts to broaden the consultative process to include
repregentatives of public interest groups seem to arouse little
antagonism on the part of industry. However, resources at the disposal
of public Interest groups in Canada are small and limit their effectiveness
both in fepresenting and providing information to the public. Since there
is some objection to direct governmental financial support of interest
groups, a first step to ensure information flow would be to establish
independent chemical risk and benefit information resource centers with
tripartite advisory boards representing governments, industry and public
interest groups. The financing of these centers must ensure their
Independence from external pressures on particular issues.

(7) The Canadian information strategy must differ from a U.S.
strategy not only because the political and social traditions and structures
are different in Canada, but also because of smaller population size
and more limited resources. Canada cannot invest the resourccs on the

scale contemplated by the United States in order to improve the

information base on chemical risks. Thus, Canada, to a certaln degree,
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will continue to depend on the United States for information services.

In light of the differences between the two countries, however, not all
the information which is relevant to decision making in the United

States is relevant to Canada. There 1s a resulting need to filter s
information obtained from the United States and to adjust it to reflect
Canadian conditions. This would supplement local data collection

required for decision making. One must also consider the impact of
unintended information spillovers which may misinform the public and

gsome decision makers. The intense exposure to U.S. mass-media, and

the misperceptions it may induce, must be corrected by appropriate
counter-information which explains differences in conditions and values
between the two countries (as well as pointing out similarities) and

their implications for the management of chemicals in the environment.

The locus of such activities should be the proposed tripartite information
resource centers. In sum, Canada can profit from the information and
expertiae of other countries but, ultlmately, the regulation of toxlc
chemicals in Canada must be based on Canadian problems and values.

The Legal and Institutional Structure

To reduce the costs of system flekibility and discretion,

while maintaining their important henefits, the following prescriptions
are proposed:

(8) the establishment of appenl boards Independent of the
administering agency responsible for regulation in order to freview public -
and industry complaints with respect to regulation and enforcement. Theae
boards should act as mediators/adjudicators to reduce transaction costs
and to act as complements to judictal or quasi-judicial processes of appeal;

(9) a broadenting of the conaultative process to Include Informed




public participation. The proceedings should be opened to reduce public
perceptions of arbitrariness. Lead times in the consultative process
should be increased to permit better preparation of inputs from the
public or industry;

(10) a strengthening of regulation review procedures. In particular,
sufficient resources should be allocated to conduct proper impact
éhalysis of regulation. Impact analysis should be used to screen both
regulations and guidelines since guidelines often are internalized
as regulations;

(11) an improvement in the rationality of the process by the
development of better information bases for decision making as well

as by development of a decision support system (e.g. risk/cost/benefit
methodologies); and

(125 a broadening of the application of the Canadian consultative
process model to include international commissions (e.g. the International

Joint Commission).

To reduce the costs of system overlap, the following prescriptions

are suggested:
(13) the development of inter-agency (provincial-federal) permanent
coordination committees for regulation making. These committees should
screen proposals for regulations by federal aad provincial governments
in their inittal stages of development and coordinate information
acquisition and dissemination efforts to redu-e the paper burden resulting
from duplication;
(14) the improvement of the division of labour between the federal govern-

ment and the provinces to ensure that federal regulations are set at levels




high enough to prevent the formation of pollution havens, yet low
enough to allow the provinces to adaptively manage their environments.
The role of the federal government as a source of expertise and technology
should be strengthened by appropriating additional resources for
research and development activities in the field of environmental
protection; and

(15) the development of regional "one-stop shopping centers" for
environmental regulation information, permits, etc.

Issues of Costs and Benefits

(16) The system of regulation making which constrains emissions
from particular sources without permitting trade-offs i3 inherently
less efficient than a system which ensures global attainment of objectives
while permitting trade-offs in means. Technology-basec criteria for
standard making (e.g. "beat practicable technology") tend to de-emphasize
the need to balance aocial costn and beneflita; ruther, they focus on
what is feasible and not necessarily on what 18 optimal. Technology-based
standards, however, can he reasonable applied when dealing with
persistent chemicals which cannot be assimilated and detoxified by the

environment even when concentration are low.

(17) An analysis of cost-effectiveness is a first step toward
improved regulation making. This type of analysis provides a means for
improving the implementation of given objectives. However, analysis
of cogt-effectiveness should always be accompanied by a statement which
justifies the chosen targets.

(18) A cost-benefit analysis provides an examination not only of the
means to attain environmental objectives but also of the objectives

themselves. In spite of the inadequate state of the art of environmental




cost-benefit analysis, attempts should be made to conduct such
analyses when developing regulations. The initial role of such
analyses will be to ensure that adequate consideration is given to the
benefits of actions in relation to their costs. It i3 recommended that
sufficient resources be devoted to research into the benefits of improved
environmental quality and the costs of environmental regulation in order
to develop a suitable information base. Without adequate information,
decisions concerning regulation will tend to be more a reflection of
the political balance of power in Canada and of environmental regulation
in the United States than of the calculus of social costs and benefits.
(19) Our analysis also indicates, with respect to pre-market
screening of new chemicals, that risk-benefit analysis is potentially
useful as a means of identifying reasonable 1imits on risks. Explicit
identifidation of assumptions about values and consequences is necessary
to ensure the integrity of the process and reduce potential occurrences of
costly responses in those instances where public alarm is unwarranted. It
should be noted, when dealing with uncertainty, that the realm of
facts and values cannot be separated. The issue of what is information
becomes a policy question, hot a question of sclence. Research concerning
Values in environmental decision making 1s a neglected facet of environ-
mental protection research and should be initiated.
In summary, more complete information and an improved framework
for decision making can result in better regulation. Adequate method-
ologies and information are necessary but not sufficient conditions for
optimal regulation. Like other decision aids in the political arena,
these methodologies are subject to manipulation. Consequently, an

informed, interested and vigilant public 18 an essential ingredient to

assure better regulations.




Conclusion

The system of environmental regulation making in Canada 1s sound
but can be strengthenéd. Certain provisions for improved coordination
and checks against arbitrariness have been proposed to improve its
operation and to reduce the chance of malfunctions. These changes will
not necessarily reduce claims of over-regulation by those who pay and
under protection by those who benefit. The Canadian system permits a
process of flexible, joint decision making, but the quality of this
process, as with any other, depends on the calibre of the
participants and the information at their disposal. The best assurance

of good decisions 1is having good decision makers.
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T lgtroduction

Over four million chemical substances have been identified.
Of these, more than seventy thousand substances are in common
commercial use (Weinstecin, 1979) and their number is growing by
more than a thousand substances a year. There is little informa-
tion about chemical pathways through the environment or the con-
sequences to man of most chemicals currently in use. The process
of obtaining new data is expensive and is constrained by resource
availabilities. Furthermore, the process of transforming data
into the kinds of information which can improve the ability of
society and individuals to manage their resources is not well
understood and is a source of conflicts.

The main purpose of this paper is to assess alternative
processes of data acquisition and information generation as
they apply to societal efforts to promote the beneficial use
of chemicals while reducing the risks which accrue to man and
the environment.

The analysis begins with a reference to a theoretical model
of rational choice that prescribes information acquisition and
processing strategies so as to maximize the net economic valuc_of
information. The model provides a useful framework for analysis
and articulation of the role of human values in the determination
of guidelines for an information policy. The paper then examines
the ways in which the model deviates from reality. Since this
paper is particularly concerned with chemicals, types of informa-
tion relevant to the management of chemicals in the environment

are discussed at length. Weaknesses inherent in the processes

of collection and interpretation of data are identified and
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alternatives to rectify them are proposed. The paper next ex-
plores the linkages between the information system and policy
making. The analysis focuses upon two major problem areas of
information policy: (1) institutional arrangements for conflict
resolution in interpreting data; and (2) the management of infor-
mation diffusion in view of the reactive nature of information
(i.e. the effect of information exposure patterns on values).

The paper concludes with an outline of a dynamic, adaptive

information strategy for managing chemicals.

AUk An Information Value Maximization Model

The classic microeconomic model of rational decision making
assumes that decision makers have complete knowledge of all fea-
sible options and the consequences of each option. Furthermore,
the model assumes that decision makers have unlimited ability to
compare options and that this process of comparison is costless.
Rational choice is value maximizing. "The rational agent selects
the alternative whose consegquences rank highest in terms of his
goals and objectives" (Allison, 1971, p. 37). This theoretical
perspective identifies classes of information recuired for policy
formation:

(1) the feasible management options,

(2) the conseguences of each option, and

(3) the statement of societal objectives ahd goals.

The options for managing chemicals range from probibiting
the production of certain chemicals at one extreme to a laisse:z

faire market at the other.



The environmental consequences of chemicals depend upon

the management regime, life styles, natural forces and inherent
chemical properties which influence the pathways through the eco-
system. To define the relevant conseguences, one must examine
the objectives of society. This is not an easv or necessarily
fruitful path of analysis since the mere definition of objectives
introduces assumptions about values. Without actually obtaininc
a detailed statement of objectives, however, one can still idern-
tify some basic goal dimensions which tencé to be broadly

recognized:

(1) human health (e.g. mortality, morbidity);

(20 gonality of life (e+§. @concmic impacht, Q==

t¥iblutive impact)s

(3) resource conservation (e.g. the preservation of

the natural environment, and conservation of non-
renewable and renewable resources); and

(4) national security.

The number of attributes for each dimensicn is large anc
unmanageable. Thus, it is necessary to reduce tle number of at-
tributes to those most relevant for choice. How should this be
done? What appears on the surface to be a technical guestion is,
in fact, a gquestion of value judgment. For example, Burton anc
Whyte (1978) list the following direct consequences of risks to
human health: premature death of many individuals; premature
death of a particular individual; severe,acute illness as major
disability; chronic,debilitating disease: minor disability; tem-

porary,minor illness; discomfort; behavioral changes: temporary,
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emotional effects and discomfort; temporary, emotional effects
and minor physiological change. Consider the category of minor
physiological changes. It is known, for example, that leagd
levels below 100 micrograms per 100 ml. of whole blood do not
cause clinical anaemia, but lead affects the activity of ALA
dehydrase in the hemoglobin chain (Hernberg, 1972). 1In at least
one country, the U.S.S5.R., this is considered to have significant
impact upon health, while in Canada it is not (Burton and Whyte,
1978). This is a value judgment although it may superficially
appear to be purely technical in nature. Even when there is
agreement on the importance of a particular category, such as
mortality rates, the level of spatial and temporal aggregation
used in deriving the attribute indexes depends upon value judge-
ments. Is, for example, the catastrophic and sudden loss of
half the people in a small village similar qualitatively to the
death of the same number of people over a longer period of time
such as a year?

The problem becomes even more complex when one recognizes
the interdependencies among attributes of health. A reduction
in the prevalence and severity of acute diseases leads not only
to longer life expectancies, but also to a higher prevalence of
chronic diseases.

The rational choice model, as mentioned, assumes complete
and free information about the options and conseguences. In con-

trast, information in most spheres of policy yaking is neither

complete nor free. The rational model can be extended to conside:

strategies for information acquisition when the strategies them-

selves are subject to constraints of feasibility and impose
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demands on societal resources. This involves calculating the
value of additional information. The theory concerning the
economic value cf information (Marschak, 1971) is based upon a
simple principle: one acguires information up to the point where
its marginal utility equals its marginal cost. To evaluate the
marginal utility of information, one must assess the additional
net benefits which accrue from improved knowledge. 1If the deci-
sion rule is insensitive to the additional information, then this
information i1s without value. 1If, for example, it is known in
advance that a decision rule es>cludes banninc peanuts, whatever
the toxicological studies of Aflatoxin in peanuts may reveal,
these studies impose unnecessary costs upon the system.

In order to measure the value of additional information,
orne should use probabilities of events to compute the difference
between expected payoffs of a decision made with information and
without it. By way of example, consider a chemical suspectec of
being toxic. Current information derived from toxicity studies
of chemicals with similar structures may assign a probability of
0.2 that the chemical is toxic and will cause $200 billion damace
to the environment; yet the chemical contributes $10 billion to
the economy. What then is the value of research that will
determine with probability of 0.9 the correct impact of the
chemical? Without research, the chemical will be banned and the
contribution to the economy lost. With research, however, the
chemical is banned if pronounced toxic or cleared for use if it
gets a clean bill of health. Since there are four possible

ctates of the world, the expected payoff of this strategy is:
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= (0.2) (9.9) - (0.8 (Ba1) + (C.8) (0.9)
$0 B liion ($200-10 billion) ($10 billion)
The chemical The chemical is The chemical is
ig toxi® and toxic but research net toxule "ane
research pro- gives it a clean it gets a clearn
nounces it as bill of health. Bl of ReRildEh g
HeX e (Chem- (Chemical is (Chemical 1is
ical is banned) produced) produced)

- (0.8) (0.1)
(&0 Bilden) = &1 biliion;

The chemical
is not toxkic
but is pro-
nounced toxic.
(Chemical is
banned) .

The value of the information of the toxicological research
in our example is 11 billion dollars.

The practical problems in developing research strategies
such as the one above lie in identifying the costs and benefits
of different strategies of management and agreeing upon the prior
probakilities of risks, as well as the appropriate revisions cf
probabilities which should take place when the research is
completed.

We turn now to an assessment of the types of information
available concerning the management of chemicals in the envi-

ronment as inputs to a rational decision making model.
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Information Needs and Availabilities: From Inherent Chemical
Characteristics to Human Values

A. Chemical and Environmental Characteristics

Baseline information to assess the potential path of a
chemical _n the environment is provided by data about the in-
herent physical properties of the chemical. Under the Toxic
Substances Control Act (TSCA), the United States Environmental
Protection Agercy chose to characterize the environmental mobil-
ity and persistence of a chemical by parameters describing:
water solubility, absorption, desorption, volatility, photo-
chemical, chemical and biological degradation, and other physical
and chemical attributes including a partition coefficient. These
data can be used in detailed models of the environment to deter-
mine the expected path of the chemical once it is introduced.
Some of these data can be used to choose candidates for further
testing. For example, those chemicals which are soluble and
persistent are more likely, ceteris paribus, to cause damage in
the long run than chemicals which are not soluble (and therefore
less mobile) or chemicals which are subject to fast degradation
and impose only a temporary and non-cumulative threat.

The behavior of a chemical and its concentration in any
geosphere depends on its properties and the particular charac-
teristics of the geosphere (National Academy of Science, 19735).

The three main factors affecting entry into the air and
transport of chemicals through it are vapour pressure, heat of
vapourization and the partition coefficient between the atmos-
phere and another medium, and the characteristics of air flow

(National Academy of Science, 1975). In order to predict the
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probable path and fate of a chemical, knowledge of the rate of
exchange between the atmosphere and other geospheres is essential.

An important factor influencing the rate of chemical entry
into the atmosphere from the soil is the presence of moisture.
For example, DDT, evaporates more quickly in damp soil (Acree
et al., 1963; Freed et al., 1962). Additional factors mediating
the influence of vapour pressure are temperature, humidity, pH,
and other physical properties of the chemical. High molecular
weight, for example, tends to limit the dispersal of molecules
in the atmosphere. Other chemical properties having atmospheric
implications are crystal structure, light sensitivity, ring
structures and multiple bonds (National Academy of Science,
LFTH).

The crystal structure of chemicals can have major indirect
effects on weather. Many chemicals, depending on light sen-
sitivity and structure, are susceptible to photochemical oxida-
tion. Those chemicals containing oxygen, hydrogen or halogens
can interact with ultraviolet light to form smog. Other chemi-
cals contributing to smog are those with double bonds, aromatic
and hetrocyclic rings, or especially strained 3, 4, or 7-member
rings.

Factors which affect solubility and stability are pH and
temperature. For example, triazine solubility is an inverse
function of pH (Ward and Weber, 1968). Temperature has the
opposite effect, causing an increase in the solubility of many

chemicals as it rises. Polarity, molecular weight and vapour
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pressure have a similar effect on the mobility of the compound
in water as in air.

The major influencing factors on chemicals in the soil are
absorption and leaching. Strongly ionic chemicals such as in-
organic salts or organic cations tend to be absorbed onto clay
soil through an exchange mechanism making them less mobile than
neutral organics absorbed from an agueous solution through a
physical process. Absorption is inversely related to solubility
and to leaching. As absorption increases, leaching decreases.

The path of a chemical in the environment may be affected
by its interaction with the biotic system. One must consider
interactions with microorganisms, particularly through processes
of synthesis and degradation. Of special importance is the abi-
lity of organisms to reduce or oxidize heavy metals, since the
new valence states may be more toxic.

The deyree of lipid solubility of a chemical is important
in the identification of the potential for bio~-accumulation.
High degrees of lipid solubility cause a chemical to concentrate
in fat tissue, thus raising the exposure to a chemical above the
environmental level.

The Report of the National Academy of Science (1975, pp.
56-57) concludes that, "on the basis of existing knowledge, it
is generally possible for microbiologists, biochemists and chem-
ists working together to determine metabolic sequences for both
natural and totally synthetic compounds and to identify those
that may pose environmental problems". Base line information

prescribed by NAS covers: oxidation; reduction; hydrolysis;




alkylation and dealkylation; conjugation with metabolites such

as amino acids, polypeptides or saccharides; and the rates and

extent of reactions. Basic characteristics of a chemical must

also be known, including: melting and boiling points; decompo- *
sition temperature; flash point; natural physical state; vapour

pressure; and crystalline form. Finally, for the monitoring and

testing of micro amounts of chemicals, absorption spectra must

also be known.

These data are useful in identifying the path of chemicals
after introduction to the environment. Knowledge of the inter-
action of chemicals with man is essential for analyzing the ways in
which a chemical is introduced to the environment as well as patterns
of human exposure to the chemical. Information about production
and marketing processes and quantities provide another element
in identifying the potential impacts of a chemical upon man and
his environment. In developing a list of candidate chemicals
for further information gathering, the T5CA Interagency Testing
Committee considers exposure data (production volume, environ-
mental release, occupational exposure, and non-occupational human
exposure) as the criterion of highest importance.

Since commercial chemicals are rar:ly pure and impurities can
have a significant impact on chemical and toxic behaviour, these im-
purities must be considered explicitly. Foreign matter introduced .
through handling, storage or transportation, the residues of
reactants and solvents, or the products of side reactions are all

probable contaminants of industrial chemicals. In fact, they may
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be more dangerous than the principal chemical. Tetrachloro-p-
dibenzodioxin in the pesticide 2,4,5-T is, for example, far more
toxic than the pesticide itself (Wilson, 1971). Information
about chemical production and marketing is therefore an essen-
tial element of the rational assessment model.

There are some problems in obtaining and processing infor-
mation concerning the production, marketing and end-use of chemi-
cals. In particular, problems may result from the need to protect
trade secrets and other confidential economic data. The major
difficulty in assessing the interaction between man and chemicals,
however, lies in the high variance of life styles, and individual
differences in behavior. Furthermore, life style and behavioral
changes occur continuously, introducing an element of uncertainty

whilegh 18 cififfenlt to guan¥ify.

B Information about Health Impacts

Information on impacts of chemicals upon the biological en-
vironment and health is probably the most difficult, and therefore
expensive, to obtain directly. Harmful effects may he immediate
and visible or they may be latent and long term. Present methods
of information collection "are generally adeguate for detecting
causes of acute effects that appear soon after exposure, and which

are often reversible after the chemical is removed" (National

\D

Research Council (U.S5.), 1927¢, p. 5-1). However, information is
scarce about the causes of chronic and serious diseases with long
latency periods such as cancer. A biological or health problem

may appear or persist long after exposure to a triggering agent.
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Similarly, information about the long term ecological impact of
chemicals is often not available until a system dose threshold
is exceeded and irreversible changes have already occurred.
Another complicating factor in assessing consequences to human
health and the environment is the potential for synergistic and
antagonistic interactions among different chemicals. Some chem-
icals may initiate cancer by inducing mutation in a single cell.
In certain other cases, however, for a cell to become malignant,
"promotion" appears to be essential - i.e., the promoter may be
another chemical agent. "The essential nature of the promotion
process is not yet understood” (National Rersarch Council (U.8:),
1979, p. 5~4). The lack of information about the mechanisms
through which cancer is induced and promoted constrains the
ability to derive a dose-response curve which is needed for
determining the appropriate management regime for a particular
chemical. The guestion of what happens after exposure to very
low doses of carcinogens is one which leads to intense debate
between those who believe carcinogens can be detoxified and
those who do not. There is little scientific evidence to sup-
port either point of view (Maugh II, 1978). One compromise
position suggests that initiation is irreversible, but that
many of the events that occur during promotion and before the
appearance of a cancer are reversible (National Research Council
(0. 8.0, L979).

There is evidence currently establishing 26 chemicals as
causing cancer in humans. Thic¢ information is derived mostly

from occupational settings (Tomatis et al., 1978). There is
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further evidence suggesting that 200 chemicals are carcinogenic
in at least one animal species. Unfortunately, development of
evidence is a time consuming process freguently involving 1/4 to
1/2 of the average life span of the animals. Most of the effort
to develop information about the h=2alth impacts of chemicals is
focused upon four major areas: cancer, birth defects, gene muta-
2iom and.chronic illnesses. Cancer has received the greatest
attention but, as suggested above, information is limited and
often of poor quality.

There are three strategies for acquiring more information
about the health consequences of exposure to chemicals:

a) epidemiological studies,

b) animal experiments, and

c) short term tests on bacteria or cultured

mammalian cells.

Epidemiological studies are based upon comparisons of
groups who have been exposed to a substance with control groups
who have not. "Differences of interpretation arise over epidem-
iological studies. Because retrospective epidemiological data
often lie on the borderline of statistical significance, how a
scientist interprets particular findings often depends on sub-
jective considerations. Moreover, the fact that the result of a
retrospective study depends entirely on how the initial test and
control cohort are selected means that this highly subjective

partition is also subject to dispute among highly qualified

scientists ... Indeed, epidemiologists occasionally accuse one

another of result oriented research" (McGarity, 1979; pp. 740-41).
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Without appropriate experimental designs, the conclusive-
ness of epidemiological research suffers from a variety of threats
to external and internal validity. Since epidemiological studies
are longitudinal, it is difficult to control for confounding im-

pacts of irrelevant events occurring during the study. These

events include subject mortality due to unrelated causes, popu-
lation mobility and other time dependent processes. In addition,
selection of control and experimental groups is rarely random.
Hence, it 1s almost impossible to extrapolate results to broader
populations.
Lilienfeld (1976) suggests that the following criteria
can be used to evaluate the quality of information provided by
epidemiological studies:
(1) Are the associations among variables strong?
(2) Did other researchers produce similar results?
(3) Are the effects in humans consistent with those
discovered in laboratory experiments with animals?
(4) 1Is the hypothesis of causality consistent with the
temporal sequence of events, i.e. did exposure in
any particular epidemiological study in fact
precede illness?
(5) What is the dose-response gradient? Does an in-
crease in dose lead to an increase in illness?
When the cause is removed, does illness

diminish or disappear?
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Despite their limitations, epidemiological studies are
considered the source of best evidence to establish an associa-
tion between exposure to a substance and a particular human ill-
ness. The major practical limitation in obtaining information
thrcugh epidemiological study is the need for large sample sizes
to obtain sufficient statistical significance. Negative results
may be a function of small sample sizes rather than an indication
that there are no 1ill effects to humans from chemical exposure.
Evaluating epidemiologic studies, Weinstein (1979, p. 347) con-
cludes that: "while these studies will continue to serve a useful,
though limited, purpose, the reality is that most of the evidence
on carcinogenicity must derive from other than human populations.
We can expect epidemiological data to be useful for suggesting
hypotheses about associations between chemicals and human concern,
but we cannot in general, expect such data to be sufficient to
prove the existence or strength of these effects. Furthermore,
because of the long latent period of concern, epidemiologic
studies are seldom helpful at revealing carcinogenic effects
in time to prevent widespread exposure to carcinogens”.

There are similarities in the way cells and tissues of
lower animals respond to toxic chemicals and the way in which
human tissues and cells respond to exposure to the same toxic
chemicals. These similarities and the fact that ethical con-
siderations prohibit experiments with human subjects lead to
the use of animals in the evaluation of health impacts of
chemicals upon man. The advantages of using animals are their

short life spans (about two years for rats and mice, the most




e 3¢ &

frequently used animals in biocassays) and the possibility of
sacrificing subjects to examine organs and tissues anatomically,
pathologically and biochemically. Scientists still debate, how-
ever, whether a carcinogenic response in a single rodent species
without duplication in another species is a sufficient basis to
infer that a chemical poses a carcinogenic risk to man (McGarity,
OISR B 743

A commonly accepted testing protocol in the United States
is a test of two animal species using 50 animals of each sex at
two dosage levels for each species, for a minimum of 300 animals
per species per experiment including untreated controls (National
Research Council (U.S.), 1979). Such a study would cost between
$250,000 and $500,000 and would take up to three years. Several
factors limit the validity of inference from animal tests to
human health: (1) experiments with animals are conducted with
higher doses than occur normally; (2) physiological differences
between humans and animals may affect the impact of chemicals;
(3) the route of exposure in the laboratory may be basically dif-
ferent from that experienced by man (e.g. exposure by injection
in the laboratory as opposed to inhalation by humans); (4) labo-
ratory animals are highly inbred and often are bred selectively
so as to increase their response sensitivity. Human populations
have a varied genetic makeup and may respond to the chemical
differently; and (5) exposure to a single chemical in the labor-
atory does not account for synergistic effects from the many

chemicals which may be encountered in the environment.
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There are theoretical problems in transferring the results
of dose-response relationships from animals tc man. Man is
larger, lives longer and has a lower metabolic rate than rodents
used in the laboratory. The determination of eguivalent dose in
humans ancd animals must take into account these differences.
There is no agreement upon the appropriate methodology to achieve
this objective. The debate continues between those who assume
proportionality of response to body-weight and those whc assume
proportionality of response to surface area of the species. The
Environmental Studies Board of the U.S. National Research Council
concluded, after comparing inferences from animal tests and epi-

demiological studies, that 1t seems reasonable to assume
that the life time cancer incidence induced by chronic exposure
in humans can be approximated by the life time incidence induced
by a similar expcsure in laboratory animals, if calculated at the
same total dose per body weight" (1979, p. 5-24).

I VitI0 tests are considered part of I mMElCI~Elex | eyl
mation acquisition strategy. These tests investigate genetic
mutation, damage and growth transformations in micro-organisms
or cultured mammalian cells. They provide a rapid and inexpen-
sive means for screening compounds. Such short term tests vary
in cost from several hundred dollars to about ten thousand dol-
lars. These tests assume that chemicals cause changes in DNA
(chromosome damage, mutations, etc.) which, in turn, may be
correlated with the ability to cause cancer.

Various studies (e.g., McCann et al., 1975; McCann and

Ames, 1976; Purchase, Longstaff, and Ashby et al., 1978) have



investigated this association between short term tests and infer-
ences about carcinogenicity of compounds based on animal labora-
tory and epidemiological studies. The correlations found were
generally high. For example, McCann et al. (1975) found that 90%
of the non-carcinogens were not mutagenic.

It is important to note that there are more than eighty
shcrt term tests which are available. Many of these have spe-
cialized functions. The use of batteries of tests is therefore
recommended if more sensitive screening is desired. However,

there is a tradeoff between sensitivity and specificity.

€ Information about Human Behavior and Values

The complexity and uncertainty characterizing information
about chemical pathways in the environment and about ecological
and health impacts are increased further when one attempts to
account for human behavior. Moynihan (1979, p. 17), in attempt-
ing to evaluate the gquality of information about behavior, posed
the following gquestions about the social sciences: "How good
are they? How well do they predict? Have they attained any of
the stability that Pound observed in the natural sciences in the
early years of the century?" His answer is "that the social
sciences are labile in the extreme. What is thought to be
settled in one decade is as often as not unsettled in the very
next:; and even that 'decent interval' is not always observed ..."
Even if one does not take the extreme position of Moynihan, it

can be shown that the most simple descriptive data about many




areas of human activity are not available. Furthermore, the
impact of human values upon the development of information in

the social sciences is significantly stronger than in the natural
sciences.

The complete model of assessment of alternative management
regimes for chemicals must recognize present and future responses
of people to the introduction of new products and technologies
as well as exposure to new information and experiences. Basic
social value patterns define constraints in any public choice
model and the tradeoffs desired between alternative attributes
of the system. Descriptive information about dimensions rele-
vant in evaluating the acceptability of various chemical risks
is scarce and of poor quality. There are only a few studies,
for example, which attempt to describe the way people evaluate
risks to life. Several methodologies have been proposed, ranging
from "revealed preferences" obtained by observing behavior (Starr,
1969; Otway and Cohen, 1975) to attitudinal measurement based on
gugpeionaalires (Fischhoff s el \ X978)) ' ThHere \1E Wil Jlava )
of uncertainty with regard to the internal validity of these
methodologies of measurement and the generalizability of the
limited information now available. It is interesting to note,
for example, that replication of the Starr (1969) study by Otway
and Cohen (1975) failed to confirm the original study's conclu-
sions. One general observation which 1s supported by all the
studies concerns the reactive nature of values to management
regimes. Processes of regulating risks and policies of informa-

tion diffusion affect public values.
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The review of information needed and available for rational
decision making reveals that the static, comprehensive, rational
model of choice is an unattainable ideal, at least for the fore-

seeable future.

TeNAS The Multi-tier Model: The Approximation of Rationality

Identifying the rational model of choice as a myth does
not, however, mean that it may not provide a useful framework
for formulating an information acquisition strategy.

The model prescribes the economic use of information. A
dynamic strategy will therefore involve a multi-tier, informa-
tion acquisition format. The net expected value of information
is maximized at each tier. Probabilities are revised once infor-
mation is obtained (using Bayes Rule) and a choice is made to
acqguire information at each stage which is likely to have the
highest net expected value. Efforts to develop frameworks for
screening tend to focus first upon information which is avail-
able; for example, chemical structure. This information is then
combined with data which estimates exposure and potential eco-
nomic value in order to determine the next phase of information
acquisition.

By way of example, Stanford Research Institute (SRI) at-
tempted to use structure-activity relationships to assess prior
probabilities that a chemical is carcinogenic (Dehn and Helms,
1974). Structure-activity relationships are not sufficient to
predict carcinogenicity since very similar chemicals often have

substantially different toxicological properties. This kind of
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analysis, however, may significantly improve the targeting of
information acquisition strategies by providing a better a priori
probability distribution.

One conclusion that can be drawn from the rational model
is that there is a loss of information associated with proce-
dures for information processing by regulatory agencies. A
typical poSiticon i& to igneré ungertainty in decision meking
by using judgmental labels with certainty - for example, a com-
pound is declared a carcinogen or is cleared. In fact, scientists
pose issues of interest as hypotheses. Scientists, then accept
or reject these hypotheses based on scientific data subject to
pre-specified probabilities of error. The probability of reject-
ing a true hypothesis is usually set at 5%. Government agencies
frequently report hypotheses as accepted or rejected without
mention of these probabilities. This means loss of information.
The Bayesian choice model, concerned more with making better
decisions than guaranteeing conclusiveness, uses the full evi-
dence to modify prior probabilities. Judge J. Skelly Wright in
his Behyl Corp. V. EPA opindohihas pointed ouf tilis FaEats C-Ff
scientific processing of information: "Typically, a scientist
will not so certify evidence unless the probability of error,
by standard statistical measurement, 1s less than 5%. That is,
scientific fact is at least 95% certain. Such certainty has
never characterized the judicial or the administrative process.
It may be that the 'beyond a reasonable doubt' standard of crim-
inal law demands 95% certainty. But the standard of ordinary

civil litigation, a preponderance of the evidence, demands only




51% certainty. A jury may weigh conf;icting evidence and certify
as adjudicative (although not scientific) fact that which it
believes is more likely than not" (Judge J. Skelly Wright quoted
in McGarity, 1979, p. 748). The rational choice model prescribes
retention of all possible alternatives weighted by the probabi-
lity that they are correct. In contrast, in adjudication, the
choice of one alternative is made at each stage, hence informa-
tion is lost for subsequent steps in the decision process.

There are several tiered strategies for information col-
lection now in use in different countries. In the prototype,
multi-tier system described earlier, information is collected
about exposure, production levels, contrcl options and economic,
biological and health consequences. The decision rules for
transferring a chemical from one information tier to another
are rarely formulated explicitly as they depend upon integration
of data from diverse dimensions - an integration which requires
information about social values or exercise of value judgment.

The EEC scheme is an example where movement among tiers
depends to a large extent on production levels. The proposed
EEC system of information acquisition suggests the following
information for a new chemical before its introduction to
commercial use:

(1) the name of the chemical

(2) formula

(3) purity

(4) proposed uses

(5) lists of stabilizers or inhibitors used
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(6) methods of analysis
(7) quantities to be produced
(8) emergency storage and handling methods
(9) the lethal dose to half a group of animals (the LD50)
(10) a 28-day exposure stuady, and tests for skin and
eye irritancy and skin sensitization
(11) results of two short term tests (one bacterial and
one not)
(12) environmental effects of the chemical (e.g. acute

toxicity to fish and Daphnia)

The above information would be required only for compounds which
are produced in quantities greater than one ton a year. This
threshold was suggested in order to limit the number of chemi-

cals about which notification is required to a manageable level,

e.g. 300-400 a year (McGinty, 1979). The EEC scheme of tiers
allows safety authorities to demand more sophisticated, complex
and expensive toxicological data. The rule for climbing through
tiers depends mainly on threshold production levels (10 tonnes a
year, 100 tonnes a year, and 1000 tonnes a year or 5000 tonnes
cumulative production). The scheme is flexible in its implemen-
tation and depends to a large degree upon exercise of judgment
by safety authorities. Clearly, positive findings about risks in
a lower tier would tend to trigger movement to a higher tier of
tests. The use of production alohe as a sole index of exposure
is subject to strong criticism since there are many cases where

this index does not reflect the chemical's exposure intensity to
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man and the environment. Judgment, exe;cised properly, can

substitute for this index under special circumstances. The
prominence, however, of the production index will increase

the probability that it will be used frequently without due
consideration for its appropriateness.

Decision rules in the United States for tier determination
are largely informal. The Chemical Selection Working Group of
the National Cancer Institute selects chemicals to be tested
under the NCI biocassay program. The committee tends to derive
priorities without an explicit, formal rule. The factors which
are considered include: proposed or actual production levels
and use patterns, chemical structure and existing information
concerning health consequences. The U.S. Interagency Testing
Committee (ITC) has developed formal rules based upon numerical
scales for production volume, quantity release, occupational
exposure, and general exposure. These scales, derived inde-
pendently, are assumed to indicate potential exposure. Chemi-
cals which are first selected on the basis of expcsure are then
rated according to the likelihood that they pose a carcinogenic
risk. Compounds which are identified as likely to pose a risk
of cancer are then placed on a short list from which chemicals
are chosen informally for further testing. Weinstein (1979,

p. 371), commenting on this process of selection, notes that
"at no stages in the process are the data on exposure, antici-
pated risk, and the sensitivity and specificity of the test
protocol joined explicitly to derive an overall measure of test

information value". He concludes that "while ITC has taken a
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giant stride toward reasoned priority setting, its procedures

are still more lexicographic than balanced; it considers exposure
first, likely health risk second, the value of testing third, and
gentrel coset omly implicitly-atitheignd; if ot 01"

Almost any current or proposed scheme of information
acquisition involves judgment. The size and complexity of prob-
lems require judgment concerning selection of relevant elements
and assumptions about the boundaries of the referent system for
decision making. In most cases, the need to integrate and inter-
pret data derived from different sources and through different
methodologies cannot be met solely by the employment of formal
information processing models (e.g. computer models). Yet,
while judgment is necessary to ensure flexible and effective

utilization of data, it poses some serious dangers.

V. Judgment and Informal Processing of Risk Information:
Pathologies and Remedies

A, Pathologies

Slovic, Fischhoff and Lichtenstein (1979, p. 38) concluded
that "Whatever role judgment plays, its products should be treated
with caution. Research not only demonstrates that judgment is
fallible, but it shows that the degree of fallibility is often
surprisingly great and that faulty beliefs may be held with
great confidence".

One can identify two major classes of biases which affect
information processing by individuals: (1) those which can be

attributed to the bounded rationality of the individual, and {2)
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those which can be attributed to organizational behavior. Simon
(1957) has observed that cognitive limitations force decision
makers to construct simplified models in order tc cope with a
cemplex world. To simplify mental tasks confronting them, people
employ rules of judgment called heuristics. Many of the biases
characterizing faulty information processing can be traced to
heuristics employed that do not provide a valid approximation to
rational processing. Tversky and Kahneman (1971) concluded,
after studying scientific reports of psychologists interpreting
experimental results, that these scientists tended to interpret
results of small samples as if they were large. As a result of
this bias (the "belief in the law of small numbers"), scientists
ignored the impact of variability upon research results, specu-
lating with high and unmerited confidence about the meanings and
generality of the results. Using a sample of undergraduates,
Kahneman and Tversky (1972) observed that many people do not
understand the basic principle of sampling - decreasing variance
as sample size increases. In a paper entitled "On the Psychology
of Prediction" (1973), they show that people tend to ignore prior
probabilities or base rate information when making predictions,
while relying heavily upon descriptive information of dubious
relevance to the prediction. For example, subjects were told
that someone is a member of a community containing 70 lawyers
and 30 engineers and were then provided with descriptive, spe-
cific information about his or her hobbies, marital status and

age. They were asked to judge the probability that the person
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is an engineer. Change in the proportion of engineers and law-
yers did not affect the subjects' estimated probabilities. The
study concluded that people tend to rely on specific information
and ignore prior probabilities despite the fact that the rational
model implies an influence from prior probabilities even in the
presence of highly relevant specific information.

The variance of one's predictions should be sensitive to
the gquality of information on which the prediction is based. If
specific information is less valid, the prediction should be
closer to the population central values. People did not follow
this principle even when they judged the specific information to
be of low validity. Kahneman and Tversky (1973) also found that
people tend to have confidence in predictions based on redundant
data despite the fact that redundancy adds no further information.
Furthermore, they suggested that people do not intelligently in-
corporate probabilities into their decision making processes.

In gambling situations, people accept the basic notion of prob-
ability but still display biases while, in non-gambling situations,
they frequently do not see the relevance of probabilistic data.

If people do understand the relevance of these data, they often

do not know how to combine prior probabilities with new
observations.

Nisbett et al., (1976, p, 128) suggest that an alternative
principle may be at work. Base rate information "is remote,
pallid and abstract. In contrast, specific or target case infor-
mation is vivid, salient and concrete .... The logical pertinence

of the base rate information notwithstanding, such information
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may simply lack the clout to trigger further cognitive work".
The authors trace this explanation to Bertrand Russell who sug-
gested that, "popular induction depends upon the emotional
interest of the instances not upon their number" (1927, p. 269).
A related source of bias in probabilistic information pro-
cessing is the bias of availability (Tversky and Kahneman, 1973).
People tend to judge probabilities by the ease with which they
can imagine an event or recall past instances. This heuristic
provides a reasonable approximation since, the more frequently
an event occurs, the easier it is tc imagine its occurrence or
recall its past occurrences. The biases in employing this
heuristic stem from the impact of unrelated factors such as
publicity, emotional arousal or the occurrence of a recent re-
lated event. For example, the death of a president from a rare
heart disease will tend to increase the estimate of most people
concerning the frequency of the disease for a period of time

after the event. The movie The China Syndrome and the accident

at Three Mile Island may combine to exaggerate the average prob-
ability that some people would now tend to assign to the occurrence
of a nuclear disaster. 1In contrast, selective retention and atten-
tion may work to reduce probability assignment. Vertinsky (1979
has discussed several studies which show the tendency of people

to forget or avoid unpleasant information.

"Anchoring adjustment" is another source of bias in pro-

cessing information (Lichtenstein and Slovic, 1971; Tversky and

Kahneman, 1974). A natural anchor, or starting point, is used
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as a first approximation. This anchor is then adjusted accord-
ing to new information. Typically, the anchor receives a higher
weight and additional information receives a lower weight than
is merited.

Edwards (1968) pointed out other deficiencies in judgment
of risky outcomes. One proposition which has been supported by
substantial research is that human beings are conservative pro-
cessors of information. Even when people perceive each datum
accurately and are well aware of its individual diagnostic
meaning, they are unable to combine it with prior information
correctly and revise their opinions accordingly. Experiments
have shown that opinion change is in the right direction but
that the magnitude of change is insufficient (Phillips andg
Edwards, 1966; Peterson et al., T9I6S) -

Another important bias of information processing has been
noted in gambling experiments. There is a tendency by subjects
to consistently over-value long shots, i.e. low probabilities of
high winnings (Edwards, 1961). People also tend to assign lower
probabilities to events further away from the mean on the assump-
tion that the distribution is always unimodal and symmetric
(Alpert and Raiffa, 1969), or assign probabilities according to
the degree to which an event is considered representative of some
population from which it originated (Kahneman and Tversky, 1973).

People tend to be overconfident about judgments made by
their peers. Conseguently, in assessing risks, there is often
a tendency to discount the probability of human error. The

Rasmussen study on nuclear safety, for example, concluded that
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human errors were both the greatest source of danger and the
most poorly understood (Fischhoff, 1977; Weatherwax, 1975).
The need to decompose problems in order to make them
manageable leads to another bias - the failure to recognize
i;terdependence. For example, in assessing the probability of
system failures, there is a tendency to overlook "common mode”
or "common cause" failures, i.e. events which lead to simul-

taneous failures in independent systems (Nuclear Regulatory

Commisisieon (TS0 W78 ).

Cognitive limitations also make judgments highly sensitive
to the representation of a problem (Fischhoff, Slovic and
Lichtenstein, 1978). Not surprisingly, the form in which data
are presented tends to focus the attention of the human informa-
tion processor upon particular conseguences and not on others,

Similarly, the particular choice of indicators or measure-
ments for a given decision attribute tends to affect judgment,.
often without triggering appropriate inguiry into the correct
diagnostic meaning of the measure. For example, it is fashion-
able to present different events in terms of their riskiness to
man. This exercise helps to target policy development efforts or
to indicate choice among substitutes on the basis of safety. The
particular choice of indicator may change the basic conclusion
about the relative safety of two alternatives. If one uses num-
ber of deaths per passenger mile, air transportation seems safer.
If, however, deaths per trip are considered, then land transpor-

tation appears safer. Burton and Whyte (1978, p. 65) conclude
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that the basis of comparison is crucial to the ranking of risks
being compared, and that a little statistical manipulation can
change the ranking of safety. The content and format of data
presented clearly affect choice. One must attempt to reduce
biases of selectivity by permitting maximum opportunities for
cross verification of data and its meaning.

To this point, the focus of this discussion has been upon
the bounded rationality of individuals and its impact upon judge-
ment and information processing. One must, however, consider the
fact that most relevant decisions in the public policy arena are
made within organizations and frequently by groups of decision-
makers rather than by individuals. Organizational behavior and
structure is another source of bias in information processing,
especially when there is a major c-isis such as the Mississauga
derailment of a train loaded with toxic gases. Smart and
Vertinsky (1977) review different organizational phenomena that
induce pathologies in information processing and judgment during
crisis and non-crisis situations. Generally, in order to ensure
coordination and economical information processing, organizations
develop standard operating procedures. These procedures restrict
the information transmitted and tend to intérpret signals in rigid
ways. Information about novel situations that do not fit into the
established mode tends to be distorted and misinterpreted.

Information distortion also occurs through the process of
"filtering"”. Information flowing up through the organizational
hierarchy tends to pass through several levels. At each level,

certain processes of selection and interpretation filter the
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information which is transmitted upward. Often, information re-
ported to a decision unit as being highly uncertain is retrans-
mitted, after filtering, as more certain information.

The process of filtering often acts in synergy with a psy-
chological tendency of those who know less to be more confident
about their knowledge than those who know more (Lichtenstein and
Fishhoff, 1977). The combination of filtering and confidence in
knowledge patterns tends to increase the weight of "confident
fools" in organizaticnal information processing.

Another factor which distorts information processing in
groups is the variance in perceptions stemming from differences
in specialization among individuals in different organizational
levels and functions. Risk assessment which requires the par-
ticipation of multi-disciplinary and inter-institutional groups
is especially vulnerable to these distortions.

The special dynamics of groups can also lead, under stress,
to severe distortion of judgment and information processing.
Janis (1972, p. 13) identified one pathological process which he
named "groupthink". He states: "The concept of groupthink pin-
points an entirely different source of trouble residing neither
in the individual nor the organizational setting. Over and
beyond all the familiar sources of human error is the powerful
source of defective judgment that arises in cohesive groups -
the concurrence-seeking tendency, which fosters over-optimism,
lack of vigilance, and sloganistic thinking about the weakness
and immorality of the out-group". One could identify these

symptoms in many highly stressful and emotional situations
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which have occurred recently during confrontations between in-
dustry and public interest groups on issues of safety. 1In par-
ticular, these symptoms included the pervasive use of slogans

instead of information in debates on the issues.

B. Remedies

There are several measures which can be taken to improve
judgment and information processing. The provision of training
and decision support systems can correct some of the biases re-
flected in the way individuals process information for decision
making. Training is needed to improve the ability of the publig,
in general, and those involved in policy making and implementa-
tion, in particular, to estimate probabilities and use them
appropriately in their diagnosis and decision making. The major
decisions that this and future generations will face involve a
choice among different risky alternatives. The ability to
confront and digest risk information and manage risks rationally

is a generally desirable attribute which research suggests is

rare even among those who have received some formal training in
statistics. The development of intuitive statisticians as mem-
bers of a risk managing society 1s a prime task for educators.

To aid decision making &end to correct for biases, decision
aids (decision support systems) can be provided. Some of these
decision aids attempt to correct for biases directly. One ex-
ample is the Probability Encoding Program (PEP) which was devel-
oped by the Stanford Research Institute. This program is used to

convert judgments about uncertain variables to probability
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distributions. PEP asks the user simple choice questions thLat
do not directly invoke the specification of probabilities. When
enough irnformation is obtained, a probability distribution is
printed anc plotted (Spetzler and Stdl von Holstein, 1975).
Frequently, programs make corrections for known biases, but this
can result in a risk of overcorrection. Programs are available
for the use of persons who have little experience with encoding
probabilities and can thereby correct for conservative bias.
Research indicates that this correction is especially desirable

when decision makers face complex new situations.

Other decision aids include tools for the systematic enu-
meration of consecuences. Fischhoff (1977) describes two of the
principal decisiort affls in reliability assessment: fault-tree
and event-tree analysis. The tree structure is used in each of
these techniques to show the irterrelationships among different
elements of a system, and to help organize data about possible
pathways in the system. One of the most extensive recert
studies employing fault-tree analysis is the Rasmussen report
(U.S. Nuclear Regulatory Commission, 1975) on the safety of
nuclear reactor systems.,

Decision aids permit the structuring of information and
improve the attention targeting of decision makers. They do
require, however, access to an information base. Economical
access to information and information development requires the

creation of an appropriate information system.




- 57 -

Vi Information Systems to Aid Decision Makers Dealing with
Environmental Impacts of Chemicals

Efficient chemical data systems can offer many advantages
to government and the private sector. Reduced duplication of re-
search and data reporting saves time and money. Information
which is available faster helps reduce uncertainty. Use of the
computer to combine information in different ways may improve
insights about the system and help generate new control options
CrESy L279) ,

Various methods of chemical data compilation, storage and
retrieval have been tried. These systems, ranging from standard
manual methods to sophisticated computer models (some even able
to translate data from foreign languages (Dubois, 1979)), are
designed to minimize specific problems or maximize desired advan-
tages to a given user. Depending on the user's needs, parameters
such as access methods, cost, speed of retrieval, type of informa-
tion and system capacity can be adjusted.

Port (1978) describes three information systems: national,

European and international. The national system has the acronym

DESCNET which stands for the Network of Data On Environmentally
Significant Chemicals. It was originally designed by the Depart-
ment of the Environment of the UK to provide the government and
others with information on chemicals. The structure resembles a
spider's web in that it is organized as a network around a centre.
The peripheral nodes store data on chemicals in a common format
to facilitate information exchange with each other and with other

information systems. The centre acts as a reference for sources
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and questions. A pilot project has been initiated to determine
answers to questions of feasibility and needs of users.

The European system is being developed at the Joint Re-
search Centre of the European Communities (Norager et al., 1378}
Its name, ECDIN, is the acronym for European Chemicals Data and
Information Network. This information system can be visualized
as a spoked wheel since it stores its data in a single data bank
at the hub of the wheel. Users with compatible computer termi-
nals will have access through EURONET which links users through
phone lines at post offices.

Data on approximately 30,000 chemicals will be segmented
into ten categories of information on each chemical. Each cate-
gory will be divided further into fields and subfields to a total
of 200 properties. The categories include scientific information
on structure and properties, as well as production information
such as use, transportation methods, and dispersion in the envi-
ronment. The design of the data base is such that a simple
information category like solubility can be retrieved, or a
sophisticated retrieval program called ADABAS can be used to
retrieve cross-referenced information. An example of this would
be a breakdown of chemicals that: (1) are pesticides; (2) are
found in milk; and (3) are carcinogenic to rats (Port, 1978).

As part of the pilot project, some of the data from the
Registry of Toxic Effects of Chemical Substances at NIOSH
(National Institute of Occupational Safety and Health) were
incorporated into the data base (Norager et al., 1978). The

data on the approximately 5000 chemicals (Johnson, 1978) were




taken at face value from the Registry -—their integrity un-

guestioned. "Of necessity, we rely on editing provided by the
scientific community before publishing " (Norager et al., 1978,
e L3h®

The third model, the international information system
model, is under the auspices of the United Nations Environmental
Program (UNEP) and is connected to the UNEP Global Monitoring
System (O'Sullivan, 1976). The organizational structure of
IRPTC (International Registry of Potentially Toxic Chemicals)
is a network with a centre but it places greater emphasis on
secondary data bases than the UK DESCNET. Although the centre
at Geneva will carry out administrative duties such as referrals
and answering gquestions, in addition to acting as a computer
data storage centre, the peripheral nodes of the network named
'National Correspondents' will each be encouraged to build up a
selective semi-autonomous data base. This arrangement will de-
velop a capacity to answer guestions pertinent to a particular
geographic area without going through the centre at Geneva
(Huismans, 1978).

IRPTC will cover a geographically larger area and have a
somewhat broader mandate than most other information systems.
Users will be globally distributed and will include such insti-
tutes as the World Health Organization and International Agency

for Research on Cancer, as well as diverse member countries.

¥
The question of validity and cross certification of data and

inferences is addressed later in this paper.




2=

As a result of this breadth and depth, IRPTC has unique goals
&nd constraints. Husimans (1978) points out four functional
objectives of IRPTC.

First, IRPTC will not attempt to centralize all data, but
rather may refer requests for information to the appropriate
National Correspondent. Thus, a National Correspondent may par-
ticipate in two ways: the data base may be stored centrally at
the Program Activity Centre as has occurred with data from NIOSH
in the US; or information may be released directly from individ-
ual files on request. 1In any case, an additional function of
each National Correspondent will be to search out required
information from its specific sector and to make it available
throughout the network.

A second function of IRPTC takes advantage of the exten-
siveness of the network in order to reveal global information
deficiencies in toxic chemical data and to direct research to
reduce the gaps. This will be accomplished through the co-
operation and collaboration of various world wide programs.

The third function will revolve around the identification
of potential chemical hazards. Here, the agencies will utilize
the network to distribute data on current chemical hazards and
controls of global interest. Members will be alerted to current
chemical risks throughout the world and to steps taken to control
such risks.

Finally, Huismans (1978) expects that IRPTC will dissemi-
nate data on regulatory approaches and policies of member coun-

tries by whatever means seem appropriate. This might range from
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regular bulletins for routine information to special alerts for
more urgent information.

According to Port (1978), the actual chemical data base is
expected to be smaller than the 30,000 chemical capacity of ECDIN.
The organization of the files also will be slightly different -
they will be comprised of only eight categories divided into 140
attributes. Huisman (1978) states that the information will in-
clude chemical characteristics (molecular formula, molecular
weight and toxic dose) and regulatory information (reviews,
standards and regulations).

Many other systems have been developed in response to the
specific needs of a particular user. The U.S. Council on Envi-
ronmental Quality has formed the Chemical Substances Information
Network (CSIN) (TsSCC, 1979). It will have a very large capacity
(about 500,000 chemicals) and is expected to serve federal agen-
cies, private groups in industry, and public interest groups.
Software, management, and funding are some of the areas currently
under review.

The United States has several other systems which provide
specialized data bases. Merian (1978) mentions: MEDLARS,
TOXLINE, CHEMLINE and TOXBANK administered by the National
Library of Medicine; data banks maintained by NIOSH, CPSC (Con-
sumer Product Safety Commission) and EMIC (Environmental Mutagens
Information Centre); and also the extensive files of the EPA.

Other existing systems include the German UMPLIS

(Umweltplanungsinformationssystem), DABAWAS (Dataenbank fur




wassergefahrdende Stoffe), and DIMI-systems (Deutsches Institut
fur medizinische Dokumentation und Information) (Merian, 1978).

These are but a few of the many systems in the chemical
information field. Most systems are incompatible with
others, and so represent not only duplication of effort but also
limited access to unique data. The rationalizing of such systems
presents several problem areas.

Many of the advantages and disadvantages of computerized
data systems are the same as those brought by a computer to any
system. A computer can scan a tremendous amount of data in a
short time with greater accuracy than can a manual searcher.
However, the computer adage 'garbage in garbage out' still
applies.

Information systems face several problems. The data itself
must be of good gquality. The program to handle the files must be
sound and efficient. The needs of the potential users must be
met in such areas as access, structure, funding and confidential-
ity. Finally, experts must be available to prepare data and run
the system (Krentz, 1978).

Different data are important to different users (Adams,
1978). This has a profound effect on the criteria used to de-
velop a comprehensive, current and accurate data base. For
example, a user seeking information on only the physical charac-
terization of a chemical requires stable data which is fairly
easy to obtain. The accuracy of such data is simple to verify
and not subject to excessive distortion as it passes through the

data gathering system. These data may include molecular weight,
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melting -peint, sStructaral fermuld@ asnd other .'hard' faéts.  Since
this information is obtained through the 'physical' sciences using
established procedures, there is little judgment involved. These
types of data can be gathered easily on thousands of chemicals
(Port, 1978). However, other users such as regulatory agencies

or public interest groups are interested in the brcader implica-
tions of data. Port (1978) poimts out that, in these cases; zum-
maries and interpretations are needed. What are to be treated as
relevant data becomes a question of policy involving value
judgment.

Another problem is the difficulty of keeping information
current since limited resources constrain the fields of new data
that can be examined. The entry speed for new data has a large
impact on the system. Even a simple bibliography data base such
as TOXLINE lags months behind current journals (Port, 1978).

Some procedures have been developed to improve data guality
and to reduce the impact of errors and omissions. Port (1978)
advocates the establishment of data bases in conjunction with
institutes doing research in the same subject area. This would
increase data quality by providing expert advice on the interpre-
tation and inclusion or exclusion of data for the bank. Adams
(1978), in summarizing the results of the National Forum on
Scientific and Technical Communications, stresses the need to
educate those concerned with the system (from data generator
through data provider to data user) about the standards of the

system. Adams also points out the need for people who are
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entering the data to understand both the scientific area involved
and the information system being used.

There are several problem areas peculiar to the design of
chemical information systems which must be resolved. These in-
clude standardization of chemical references, categorization of
chemical uses, and the organization of a system which is amenable
to integration of information from different sources while main-
taining confidentiality of some of its data.

A first step toward rational system design would be a
standardized method of chemical reference and the development of
standard chemical use categories. At present, a chemical may be
referred to by formula, by commercial or trade name, by common
name or any of several chemical names in English or a foreign
language. To rationalize chemical data systems, it is important
that all the information attached to various related names be
retrieved when only one chemical name is given. One solution to
this problem is to assign a unique number to each chemical no
matter what synonym is used. The American Chemical Society has
been using such a system for its Chemical Abstracts Service (CAS)
and has already assigned numbers to four million chemicals.
Adoption of such a plan seems feasible (TSSC, 1979).

A portion of the problem not addressed by the CAS numbering
system is that raised by mixtures. TSSC (1979) points out the
difficulty of identifying and categorizing mixes such as tar.
Many other complex organic mixes such as flavourings may fall

into this problem area (Schlegel, 1978). Another problem of




retrieval concerns the standardization of chemical use data.

A standard industrial classification code exists in the U.S.
but fails to provide appropriate details for exposure analysis.
The EPA has developed a method which classifies chemicals by
function and application. This classification consists of 800
terms.

A second step in the design of rational chemical informa-
tion systems will consist of a choice of organization, a data
center, or a network model for the system. Each has advantages.
A network allows a data base to be ceogravhically closer to major
users of data generators. Proximity to data generators may
improve data quality by increasing the availability of subject
expertise, while proximity to users may reduce the cost of ac-
cess. A single data centre, on the other hand, allows greater
utilization of the computer's capability to manipulate data for
cross-referencing and linking (Port, 1978). Such a system con-
serves scarce expertise and provides a more stimulating and
supportive environment. In addition, greater control over the
data 1is generally possible. In most cases, the amalgamation of
independent, existing data banks seems more likely than the
establishment of a new, central data base.

A method is needed, however, to tie existing and future
files together. By way of example, research in epidemiology

reguires methods to relate extensive personal files containing

demographic, medical and occupational data on individuals to

chemical use and exposure data. This is difficult because of



pearsonal mobility and possible name changes. An obvious answer
is the use of the Social Insurance Number. Unfortunately, it is
felt by many that use of the SIN number presents severe threats
to personal privacy since it rapresents a potentially powerful
tool to suppress personal freedom by both government and private
parties. Possible use and potential effects are now under study
by a federal commission in Canada.

Private companies have expressed concern about the con-
fidentiality of computer data. Dueltgen (1979), speaking for
a private company in the U.S., recognizes the value of computer
information to the private sector, but emphasizes the cost of
unauthorized disclosure of proprietary data. He points out that
possession of manufacturing data on chemicals presents a signi-
ficant market advantage to other comvanies in the industry. He
questions the legal status of data in such areas as responsibi-
lity for accuracy and proper usc. Dueltgen feels, at presgnt,
that the chemical industry in the U.S. is not inclined to
disclose sensitive information, pending satisfactory resolution
of the confidentiality question.

A similar attitude appears to exist in Canada (Neff and
Mutton, 1980). The Canadian problem may be compounded by
circumstances in the U.S. since Canada depends heavily on U.S.
data bases and information services (Werdel and Steele, 1978).
Canadian companies may not wish to risk placing their informa-
tion in U.S. data banks if the American attitude to data con-

fidentiality creates a greater risk of disclosure.
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One method of handling the problem of proprietary or other
restricted information is to segment a file system. Information
required for chemical files established by the Toxic Substances
Control Act (TOSCA) is split into public information availatle
to all, and private information available only to the EPA (TSSC,
1979). Thus, the public and other companies are refused legal
access to proprietary data through security mechanisms.

Such mechanisms restrict access to computer files through
three broad methods designed to verify the identity of an author-
ized user (Lowe, 1876). Verification may be based on some phisi-
cal possession such as a key or magnetic card, some property cof
the user such as a fingerprint or signature, or some knowledge of
the user such as a password or answers tc a series of guestions.
However, no security system is perfect. At best, these features,
when combined with others, provide "a high degree of security"
(p. 17). A trade-off between cost ané difficulty of operation
on one hand and the importance of data security on the other
must be made, keeping in mind industry's reluctance to reveal
trade secrets without adeguate protection.

Information systems and decision aids may improve the
ratienality of golicy making 3f theéir iknformation ANEUEs ‘ars
both valid and valuable. An information system must have the
means of cross verification and validation. The ability to ex-
change information among systems and compare information within
a system for validation requires the standardization of informa-
tion collection and storage. While,from a short run perspective,

the Bayesian information processor can receive and integrate



information from diverse sources and organize it to form a
judgment of posterior probabilities, the long-run accumulatior
of knowledge reguires some degree of uniformity in data sourcec.
The development of standard laboratory protocols in the resezr:z-
of health consequences of exposure is one example. The Orgari-
zation for Economic Cooperation and Development (OECD) is now
engagec, through its groups of experts, in reachinc an inter-
national agreement on such uniform laboratory practices. Even
without uniform standards to govern information »roduction, e
system should identify information which is robust, i.e. irfor-
mation whose conternt has held constant even though its prod.ction
involved different assumptions, instruments and methods.

An important problem occurs when information inputs con-
flict. The determination of validity and the resolution of these
conflicts are important gquestions for an information policy tc

address.

Vii.r Corflictime Information Inputg: How to Dechde a=f Wie
Should Decide on Validity Issues

The probler of validity of scientific information has two
facets: (1) the internal resolution of conflicts within the
scientific community as to what constitutes valid information:
and (2) the perception of the public ané policy makers as tc the
validity of scientific information.

The internal problem of science stems from the fact that

the degree of conclusiveness required by the traditional
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scientific method cannot accommodate the demands of policy makinc

in a complex and rapidly changing environment. Scientists are

asked to provide information before it is subjected to a rigor-
pus, time consuming system of checks (i.e. controlling for rival
hypotheses). Scientists are also requested to interpret their
results in policy terms. "This new social comtitment of scien-
tists has made it increasingly difficult for the scientists arnd
the non-scientists to separate the expert's advice concerning
what is from that concerned with what ought to be" (Gilgin, 19€2,
B, 2498),

While a complete separation of facts from values is impos-
sible, there is a need in science for a mechanism through which
conflicts in scientific information can be defined as much as
possible as conflicts of facts versus conflicts of values.

Furthermore, the mechanism must attend to the question of the
perception of information validity by the public. The mechaniss

shoudl minimize the chance and appearance of misuse of expertise

as a means of supporting particular policies, rather thar as an

input into policy making. The mechanism should prevent, anc
should appear to prevent, the process of informatior collection
from becoming a process of selection of data and interpretaticn
on the basis of policy goals (Benveniste, 1972).

In the mid-sixties, Kantrowitz (1967) presented a propcsal
for an institution intended to resolve conflicts about facts irn
technical and scientific disputes - a Science Court. This idea
did not receive much attention until the mid-seventies when

Kantrowitz was named a chairman of the (U.S.) Task Force of the



= 70p=

Presidential Advisory Group on Anticipated Advances in Science
and Technology. The Task Force recommended in 1976 that the
idea of a Science Court should receive serious consideraticr.,

"The assumption inherent in the Science Court concep: is
that factual claims can be debated and resolved apart fror gues-
tions of 'social value'" (OECD 1978). The procedure proposel bt
the Task Force as an experiment concists of the identification
of science issues about which there is conflict and the appcint-
ment of case managers for each side of an issue. It erbolies
both an adversary process ané a meciaticn process. Panels cf
scientists would serve ac judges.

Case managers would start by formulating a series of fac-
tual statements that they regarded as most important to their
case., These statements would consist of results of experiments
and observations. Their relevance would be ruled on by the
judges before presentation. Each side would then present ites
statements andAchallenge those of the opposition. Those state-
ments accepted by both sides would be the first information
output of the science court.

A mediation procedure would then be employed to narrow the
area of disagreement Or tO negotiate a revised statement of fac:
acceptable to both sides. Newly accepted statements woulc be
added to the original list. Those statements which remain chel-
lenged would then be subjected to an adversary procedure. After
presentations and cross examinations of evidence, a renswel atterpt

at mediation would be made. If mediation was still ncot successfiul,
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the judges would write their opinions on the contested statement
of fact (Bulletin of the Atomic Scientists, 1977, p. 45).

The critics of the Science Court concept suggest that the
use of court-like procedures does not provide guaranteec of ob-
jectivity or of freedom from preconceptions. Furthermore, the
formalization of the procedure may cause observers to attribu+
higher conclusiveness to its outputs tharn the conternts of the
proceedings merit.

Pelkin (1277, p. 27) Ppoints out that the mast useful
attribute of the Science Court concept is its plan to oroarize
a forum in which opposing parties confront each other on specific
issues. The objective of the adversary process shculd not be to
reach a judgment but to "reveal the assumptions underlyinc dif-
ferent views and the multiple dimensions of policy problems that
make them so difficult".

Abrars and Berry (1977, p. 52) suggest that mediation er-
ployed by itself is a better process for "bringing out the facts
through better communication, whether differences remained or not'".
The mediation approach to resolving technical and science contrec-
versies has received increasing attention (OECD, 1978). Media*ion
involves voluntary meetings for discussion and negotiation aTonc
parties who promote conflicting information in the presence of a
mediator and discuss disagreements about facts. The mediator's
role is not to judge but to guide and facilitate the process.
This process is aimed at narrowing the extent of disagreement
through clarification and delimitation of the areas of disacree-

ment. The model of mediation is closer to what Churchman (1271)
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describes as a Kantian information system - the emphasis is upcr
synthesizing alternative perspectives to obtain a valid stateren:

of information. The mediation process reguires a well-define

n

framework of rules for validation and comparison of differernt
viewpoints. Conflicts which are largely technical can be better
resclved by mediation.

The adversary process in the Science Court, by contrasst,
can be viewed as an Hegelian information systerm where the maxi-
mization of conflict permits the identification of implicit
assumptions. Makinc such assumptions explicit may leal to the
enlightenment of judges and perhaps participants. The drama of
the conflict generated by the adversary procedures encourages
gualitative changes in the opinions, emotions and values of
participants and observers. Ill-structured problems anc con-
flicts which involve a high degree of disagreement on values,
not just fact, are especially amenable to Hegelian inguiry
systems.

Both the mediation and adversarial processes are of value
since many questions appear to be guestions of science but cannot
be answered by science alone. Weinberg (1972, p. 209) has de-
fined these questions as trans-scientific in nature, Af EE ek,
*"these questions, epistemologically speaking, are JuesEions &
fact and can be stated in the language of science". For exarric,
questions which involve estimation of very improbable events are
questions of fact but, because of economic considerations, science
cannot provide the answers. "To demonstrate with ningty-4ive, pen~

cent confidence that the carcinogenic response rate is less then




one in a million, an experimenter need only feed three millior
animals ét the human exposure rate and compare the response with
three million control animals that have been raised under ider-
ticel con€itions but with mO exposSure to thé chemical. BKs a
practical matter, however, gclentists cdnnot ¢onduét’this ‘Fegs
mouse' experimernt because it would reguire feeding ané carirc
for six million rodents for eighteen to twenty fesrumcsihs.
Scientists therefore test significantly fewer arimals at much
higher dosage rates ... The agency can never be certain whether
a chemical that causecs cancer at high doses will cause carcer a+
the lower doses to which humans are typically exposed" (McGarity

2978, P F83=734) )

The determination of validity is therefore a policy (valus)
decision rather than a scientific determination. This fact anZ
the observatior. thet "scientists today are listened to much rcre
and believed much less" (Brooks, 1975, p. 257) lead us tc the
importart problen of idemtifying a process for ebtéinigie) Segcex

informatior and resclving conflicts about values.

VI, - Trformasicen Abosts Vealues and Resoluthicers of WMeliuae T @catlaiaws

The past decade saw the development of advocacy peclitics
promoting the following key slocans associated with communicatiorn
information policies: participation, demystification and account-
ability (Nelkin, 1975). Several mechanisms were proposed for the
improvement of inputs on values into the decision process tc

achieve these goals. For example, the Report of the Comrittce



for Scientific and Technological Policy of the OECD (1978), en-
titled "Public Participation in Decision Making Related to Scie-ce
and Technology", lists the following mechanisms:

a) Advisory boards

b) Public hearings

c) Comrissions of Inguiry

@) Special Ad Hoc Mechanisms (e.g. opinion pclls

surveys, in-depth interviews, and literature
scanning techniques such as Codinvolve)

To these mecharisms one must add hearings helé by courts.
The court system, especially in the U.S., has been calleé upcr
to resolve scientific questions about which there is significant
dispute and uncertainty in the scientific community.

Advisory boards are used by many governments as mechanisms
for consultation with diverse interest éroups. These boarés con-
sist typically of members with special expertise anéd/or merbers
drawn from different interest groups. Advisory boards are there-
fore used to elicit information about group preferences throuoch
representation, as well as to enhance the level of technical
expertise for decision making.

Public hearings are one of the most freguent resporses tc
pressures for greater public input into decision making. A sys-
tem of legislative hearings is very extensive in the Unitec States.
*Congressional hearings serve as the principal mechanism by which
legislators collectively assess public views and interests re-
lated to legislative proposals" (OECD 1978, p. 68). To increase

the credibility of the process as well as to ensure broac
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participation, committee meetings have sometimes been televise:,
Closed circuit television systems between Washington and loca.
communities have also been implemented to allow remote partic:-
pation in puklic hearings. In othe: countries such as Densari,
France and Germany, public hearing processes are generally re-
stricted to administrative and regulatory decigion makinge. In
Parliamentary systems such as the U.K. ané Canada, lecislative
public hearings are held occasionally but with little impact
upon the policy making process. "A more general response in
these latter countries has been to rely on extra-parliamentary
institutions as a primary means for informing policy makers.
These include such mechanisms as Royal Commissions, major in-
guiry comnissions, administrative tribunals and public
inguirdes™ (OBCD 1978, v 89).

Commissions of inguiry may take a number of forms. Royvel
Comricssions may be appointed for a fixed duration to exarine ancd
report on specific policy matters or for an indefinite duration
to provide continuous advice. Other types of commissions mayv be
concernad with informatibr of .specific projeets. (Comrigsiens ¢F
inguiry are considered a means of guaranteeing that the full rance
of public opinion on given issues is explored. 1In particular, fecr
issues which directly affect minority groups, inguiry throuch a
commission tends to ensure an open channel for minority opinicns
which are often poorly represented. When the prime function of
the Commission is to explore values held by the public in complex
technical issues, the commission must engage in a process of

public education. The inguiry becomes not only a mechanism for




information collection, but also a mechanism for informatior.

diffusion. 1In the process of discussion and debate during the

inguiry, the commission learns about commurnity values while the

Fommunity learns about the issues anc reexaminecs its owr valuec. ]
In contrast, whén the prime role of the commisgior ig te

resolve conflicts or to validate informatior,, the inguiry is use?d
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in an effort to narrow differences, and make a final judament with

the highest feacible level of certainty,

& review of exveriences in the U.¥. (The Windsecale Indisz &f

Q2

1977) and in Canada (The MacKenzie Valley Pipeline Inguiry cf
1974-75) 1led to the following recommendations for the conduct
of future national inguiries (OECD 1978, pp. B89-90):

"Sufficient time for the critical preparatory phases must
be alloweé for, and reliable preliminary information is essenti:zl
if all participants in such inguiries are to have an ecual oppcr-
turnity of putting forward their particular arguments. Financial
assistance to certain groups appears tc be especially warrantec

to ensure a more democratic representation of views anZ intere

m

‘s
before an Inguiry.
"Inguiries that proceed by a structural discussion of each
major issue, as opposed to some more arbitrary seguence cf pro-
ponent and opposition intervenor groups, not only have the ¥
advantage of reducing the presentation of repetitive testimerny,
but, more importantly, of developing a cumulative information
base from which to assess cumulative impacts. Recourse tc the

adversarial approach to the examination and cross-examination of




witnesses and testimony can often result in more critical infor-
mation becoming available, in the more thorough and penetratinc
examination of competinc claims, and in the clearer articulation
pf individual andé groups' interests ané biases. This is all tke
more true when there 1s but one major proponent, as was the case
at Windscale. It alsc has its disadvantages, however, especizllw
wher it results in sometimes exclusive reliance or lawyers arc
technical experts to the detriment of direct citizen participe-
tion. Developing a system of more flexible formal and informel
public hearimgs, at which fitizens and experts &like Can pariici-
pate, represents one possible approach. More carefully struc-
turing the treatment of issues themselves in terms of their
policy-related and technically-substantive components, is
another"”,

In place of formally constituted commissions, governments
may employ a variety of committees to increase éﬁannels (SE e
munication frcm the public to decision makers. The problems with
these and other organizational methods for collecting inforration
about values are cost and the limited capacities of informaticr
channels. These limits force selectivity in the comrunicaticr
of values.

In contrast to organizational methods of collecting inicr-
mation about values, public opinion polls, in-depth intervievs,
mail questionnaires and other survey technigues permit better
control over sampling methods for determining value profiles,
but suffer from problems of instrument validity. The lack of

opportunities for two-way communication and feedback is a major




threat to the validity of interpretation of their results.
These indirect methods of surveying opinions should be recarce:z
as barometers of change rather than as inputs of specific irfcr-
mation. For example, the U.S. Forest Service developec and ir- .
plemented experimentally a system to survey written public opinicn
from various puklished sources. This syster, called Codirvclve,
Ltilizes content aMalysis of relevant Written” statéments (&.F.
letters, reports, petitions, editorials, etc.) to produce a
public opinion profile about a particular issue. The validity
of the instrument as a means of identifying a profile of puklic
preferences is doubtful. It may be useful, however, as a sensi-
tive warning system about changing values or as a supplementary
source of confirmation of other data. "The Codinvolve syster 1ig
basically conceived of as an analytical tool, which perrits
policy-makers to evaluate a broader spectrum of attitudes than
may emerge at public hearings or in response to public announce-
mEntg” (OECD 1978, p. §3).

1t is hard to determine the final arbiter on the valicdity
of value inputs. In some countries, such as Canada, matters of
value judgment are ultimately resolved in the Federal or provin-
cial cabinets dependinc on the jurisdiction and decided by a vete
of Parliament. In the United States, for example, courts have a
more prominent role as arbitrators of social value information. -
The employment of judicial or guasi-judicial processes to resclve
questions of values or information validity suffers from several

shortcomings:



(1) the right to participate - i.e. legal
standing - is ofter restricted;

(2) the processes are costly and time consuming,
hence, their use may open opportunities for
strategic manipulation by parties who atterpt
tc scbvert the process of conflict resolutior.
Furthermore, costs impose constraints upor the
ability of certaih groups to participate Ih the
process; and

(3) standards of proof may not meet the criteria of

the efficient utilization of informatiorn.

The advantages of jucdicial or guasi-judicial processes lie
in the guarantees of fairness that due process offers. It should
be noted that, in many instances, courts and other judicial bodies
have taken a liberal position in grantina standing, sigrificarntly
broadeninc the potential for participation in the process. Costs
and delays in these processast may be a major problewn, Bt gceeons
ment financial support for participants (even those who advecate
positions opposed to those of the government) may overcome Sore
&f thege barriers. The rigidity of wourts in enploy-imgvthe
standard of proof is now reduced at least in the United States.
Franson et al. (13877) observe that recent U.5. statutes and court
decisions have followed a risk-benefit approach where the standard
of proof has varied according to the gravity of alleged harm or
benefits of the defendant's activity. There is increased flexi-

bility in the sense that a lower standard of proof will suffice
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where: (1) the magnitude of the damage, should it occur, wouléd
be large; (2) the probability of occurrence is significant; an:z

ol

(3) viable alternatives exist. Franson et al. (1977) mot¥ thas
Canadian courts do essentially the same thing ir determirinc
whether preliminary injunctions should be granted under the tec+
of balance of convenience. These flexible standards prever: tke
loss of information which accrues from step-wise information
filtering, and uncertainty "absorption".

All the processes described above assume that participants

are equipped with sufficient information and understancing to

define options and express value preferences about these opticns.

IX. Access to Information and Rights of Confidentiality

Access to information can be defined in terms of legal
authority or right to retrieve a particular data set anc in
terms of the cost associated with retrieving and processing the
data. Most governments are endowed with extensive powers tc
acgeire information. Therefore, the right of access to irferra-
tion held by the government is an important factor in decision
making about scientific, safety or economic matters. The Urnite:l
States and Scandinavian countries have pioneered in establishin:
the rights of citizens to obtain government documents and other
information in the possession of government. In these countries,
individuals or organizations outside government can ask for
information without having to show a "special interest" in

acquiring this information. Clearly, these rights are




- 81 -

restricted in certain areas where security or the rights of others
are concerned. In some countries, such as Norway, informaticr
access 1s restricted when there may be a threat to national ecc-
nomic interests. Experience with the U.S. "Sunshine Act" of 167°
reveals that legislation allowing access to informatior increases

the belief in the integrity and perceived accountakility cof
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ment rather than helps to inform the public. The major seskers
of information in the U.S. are industrial firms attemptinc to
gather informatior about competitors, and individuals seekinc
access to0 personal records. One thriving, business-intelligerce
firm 1s now operating a processing system which permits, for a
fee, access to and analysis of information in government files.
"It would seem, therefore, that such mandatory information éis-
closure measures are ... largely passive" (OECD 1978, p. 19).

In Canada, recent attempts to introduce a freedor of infor-
mation bill temporarily died with the defeat of the last govern-
ment. The federal cabinet has, in the past, published guidelines con
the production of documents for parliamentary purposes. These
guidelines could not, however, be utilized by a citizen against
the government. Franson et al. (1977) suggest that the com:tined
effect of the federal Official Secrets Act and the oath of cffice
of government employees leads tc a practical presumption against
disclosure. Agencies may have the discretion to release informa-
tion, but there are many organizational incentives which militate
against disclosure.

A policy of increasing access to government files sometimes

results in a lower availability of information. Freguently, the




perceived security needs of data contributors may not be satisfieg
by a government agency collecting the information. Under these .
circumstances, the contributors of information may not cooperate
and may, at times, provide misinformation, particularly in matters
concerning sales, production processes and product compositior
data.

In October 1979, The Business and Industry Advisory Committes
(BIAC) of OECD published the views of its Chemicals Subgroup re-
garding controls affectinc commerce in chemicals. They statel:
"The legal requirements for reporting that Governments have re-
cently imposed on the chemical industry include information that
traditionally has been considered confidential. Furthermore,
differing, mandatory public-disclosure requirements with regarc
to reported data have also been imposed and are under considera-
tion by various governments ... Information such as the methoc oI
processing, the uses, the timing, or the distribution of a par-
ticular chemical, all is considered proprietary because it repre-
sents potential business or an advantage which one company maxy
have over its competitors. A company may have spent considerarle
resources to obtain this advantage and it may be lost if this
information is freely given to its competitors. The chemical
industry is not opposed in principle to providing to Government
information that is necessary to assess the potential risk cf a
chemical to man and his environment. It is, however, stroncly
opposed to the unlimited releases of any information, beyonc the
usual limitations which contracts, licenses, and even governmental

arrangements provide for the protection of technical data, since
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those limitations do and would, protect commercial and innovation
interests" (BIAC, 1979, pp. 5-6).

There is merit to demands for confidentiality of infcrrmea-
tion when the sacrifice of vital economic interests (nationzl cr
individual) occurring with the release of information cannot be
balanced by benefits. The difficulties in applyinc this prin-
ciple lie in reaching an agreement on the locus of the assessr==n<
ané decision process. For instance, if industry is allowed, with-
out checks, to determine whether particular information shoulé be
released or not, the integrity of the process will be doubted
since industry clearly has interests which are dominated by a
responsibility to stockholders to obtain maximal economic gains.
In addition, government is often suspected of partiality to power-
ful, concentrated economic interests who may incur high benefits
or costs from regulation in contrast to the diffused benefits and
costs experienced by the population at large. Furthermore, the |
industrial sector itself does not have full confidence in the
ability of government to defend industrial rights of confiden?
tiality when there is a temporary surge of pubtlic sentiment
favouring release of information. It seems plausible to assu~s
that industry has the best ability to evaluate the economic value
of information it has produced. Nevertheless, representatives c!
the public, aided by independent experts, can identify inforrmatic-
whose release may be in the public interest, even after considera-
tion of the costs of compensating the source of the informatior.
A process by which industry can designate information it provides

to government as confidential, with checks offered by an




independent audit committee to represent public interest, may
permit a more equitable balancing of rights to confidentiality
and the public right to know. To ensure fairness, rights of
@appeal on determinations by such an audit committee should be
granted to both industry and the public.

Governments must accept responsibility for securinc cecn-
fidential information as long as such information retains the
confidential status assigned by industry. 1If inter-governmental
exchanges of information are required, or access to confidential
information is to be granted to outsiders, the security arrange-
ments of information receivers must meet the same standards as the
source. These information sources must verify that recipients
of information maintain security and are legally liable for
damages accruing from unauthorized release of confidential
information. Industry should be pre-notified and given the
chance to object to plans to grant others access to confidential
information.

Some data are economically valuable, though not confidential
in the traditional sense of the word. A firm may have an invest-
ment in the preparation of data for government use (e.g. notifica-
tion information for new chemicals). If other firms can use these
data once they are on file, without compensating the original
producer of information, they obtain an unfair competitive advan-
tage. It seems reasonable to demand that costs accruing to a
firm in the preparation of information reqguired by the govern-
ment be shared by subseguent users, at least for some specifiec

period of time.
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There are areas where the right of the public to know
supersedes any other considerations. When a product is intro-
duced into regular commercial channels, it is the obligatior cf
the producer and the marketer to inform the public about majecr
health risks involved in its use. Employees in contact with
dangerous compounds during the production process also have the
right to be informed about risks. In these and similar cases,
it is not simply the right of access to informatiorn which is
reguired, but also the obligation to transmit informatior.

This is an active rather than a passive obligation on the
information source. It implies a duty to ensure that infor-
mation 1is received anc understood.

Attenpts by government or industry to inform the public
must be carefully designed since the forms and media of commurni-

cations have a high impact upon knowledge ané values.

X. The Mariacement of Information Diffusion

There are several possible social objectives for diffusion
of information concerning chemicals: (1) to increase public com-
petency to participate in decision processes concerning regulaticrn
of chermicals; (2) to increase competency of individuals in makingc
informed market choices; (3) to insure competent use of chemicals;
and (4) to increase the abilities of individuals and organizations
to cope effectively with crises if and when they occur.

Communications have the potential to affect value systems.

Strategies of communication may consciously focus upon value
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change and behavioral manipulation rather than the mere provisior
of information. However, at times, value change and behavioreal
modification may be unanticipated by-products of an effort tc
dnform.

The realm of science and technology has seen in recent
years a variety of government efforts at information diffusicr
with differing impacts. Such efforts have included study circles,
mass media campaigns, establishment or sponsorship of non-govern-
ment information groups and the promotion of self-study systers.
In spite of the above efforts, surveys consistently finé tha: a
large part of any population escapes contact with certain pieces
of information which are widely reported.

Before reviewing the relative advantages and shortcomings
of different diffusion strategies and relating these stratecies
to okjectives for the diffusion of information about chemicals,
it is necessary to describe some of the basic characteristics
common to diffusion programs.

There are three processes of information selectior:
exposure, perception and retention. The physical exposure to
the message is determined to a large extent by the choice of
channels for communication, although accessibility to a channel
may not necessarily imply exposure. Books, pamphlets, newspapers
and television reach millions of people; yet they are more likely
to reach those people with higher socio-economic status, educa-
tion and more community involvement, often in leadership positions
(Feldman, 1966). Much exposure to information will be indirect

and accrue through social interaction networks (Vertinsky et al.,

-
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1972). FKatz and Lazarsfeld (1955) have demonstrated, for exarple;
the relationship betweer social organization and the receptic-
of information from the mass-media.

Research suggests the existence of a multi-step flow cf
information in society in which one opinion leader may inforr
and influence other opinion leaders and they, in turn, infcrr-
and influence their followers (Defleur, 1970). Clearly, apgro-
priate use of the existing social organizations or the promcticr
of specialized social organizations is an important determinant
of the fate of information inputs to a social system. The fil-
tering of information through a social information network may
inappropriately magnify or discount certain dimensions of the
information.

Magnification, decay or subversion of information depenis
upon individual processes of selective perception and retention.
People tend to read, listen or watch primarily those things which
fit their preconceived notions about a subject. In sorting and
interpreting information, an individual tends to rely upor assump-
tions based on past experience which have proved to be generally
reliable. What is perceived tends to be governed by perscnal
interests,wants, concerns, fears, hopes and expectations -
motivating forces that are acgquired through experience (Vertinskyv
et al., 1972). It is not su-prising that environmental grours,
with lengthy experience with environmental problems, would tenc
to focus upon environmental cost information about a new compounc:
while those from the chemical industry would tend to focus on

information about the benefits. Similar processes affect the
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retention of new information and the process by which prior
information is revised.

The design of messages directly affects the process cf
selection. As has been indicated, the form, the intensity anz
the emotional associations of the message all contribute tc the
impact the message may have upon the knowledge and behavior of
the recipient of information.

Vertinsky (1979) suggests several strategies for irnforrma-

tion dissemination. When the information content concerns th

th

general nature of the problem and the specific goals are the
focusing of attention and the triggering of social interest,
then the target of diffusion should be the population in general
but opinion leaders in particular. The preferred media mix is
television anéd radio for conceptual messages and printed media
for details directed at opinion leaders. Continuity in diffusion
efforts should be emphasized over intensity in order to minirize
information overload. Detailed information should be directed
at community facilitators such as teachers and members of vcolun-
teer groups, with the population at large informed about the
availability and location of sources of information. 1In additicn
to traditional mass media channels (in particular the printec
media), specialized channels such as interactive computer preo-
grams are also recommended for dissemination of detailed
information. |
Vertinsky (1979) recommends education aimed at improvinc
general abilities for processing information and rational decision

making. The primary target populations for this long terr stratecy
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Experience with information campaigns in science
and technology is limited and mostly involves information concern-
ing energy issues. For example, in 1973, the Swedish government
initiated a major project of public information. The mechanisr
chosen was that of "study circles" (Nelkin, 1977). The Swedish
version of this mechanism was comprised of small study groups
run by educational committees of various organizations, such as
political parties, trade unions and religious organizations. The
government provided financial resources and documentation to
participating organizations. The Swedish government also
established a specialized communication channel in the form of
an independent resource group consisting of experts in the rele-
vant fields. The mass-media were used only as a means of focusing
attention on the problems and on the opportunities to acguire in-
formation. Not surprisingly, the majority of the 80,000 "parti-
cipants" came from the already well-educated, well informed,
politically-active population groups, not from the groups who
were, perhaps, most in the need of knowledge"™ (OECD, 1978, p. 2¢).

An alternative approach employing the printed media was
attempted in Sweden in 1977 by Centrala Driftlendningen - a
non-profit, quasi-governmental organization. This organization
published booklets on nuclear energy for distribution to schocls,
study circles, trade unions, companies and other organizations.

Environmental interest groups discredited these materials as »




- 9] -

"propaganda for nuclear power paid for with government fundeg"
(OBCE, 1978, p. 29).

The federal government of West Germany has also ccriuctesd
an information campaign concerring nuclear energy. The agoce!l
was to disseminate information and initiate ar "opinior ferrmirc
process” (OECD, 1978, p. 32); Started in 1975, &Lhé CREEE@LTHL. wag
an exanrle of the utilization of mass media ané initiatior
ard motilization of social support structures. It cortinue:l
&vér a lone period of timé, Sfarting with the pFiming of
public interest. It provided detailed information to interest
groups ané individuals upon recuest; developed an outstancdinc
series of handbooks and other general information materials;
and uvtilized existing organizational infrastructures to
stimulate on-going discussions. Seminars were organizec for
special tarcet groups and information packages were preparec

for schools and other centers of educatiorn.

The dilemma which is common to these and other informaticn
campaigns is the uncertain identification of the boundary between
effective information dissemination anc manipulation. What may

appear to some as information made accessible, may appear to

others as propacanda filled with biases or oversimplificaticns.
In the design of information diffusion strategies, one must
consider not only the integrity of the communication process,
but also the appearance of intearity. Furthermore, a lon:

term view must be adopted in contrast to the characteristic

political myopia of governments which prefer short terrn
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remedies. An investment must be made to improve the abilities
of the public in general to receive and process techrical

information concernina risk.

& An Adaptive Dynamic Information Strateoy

The arena of decisions concerning regulation of chermicals
involves potentially large benefits and risks. Because of hich
costs of information and constraints which severely limit the
pace of information acquisition, the decision process is locke?
in a world of hypotheses (Holling, 1979; Hafele, 1%874). 2As a re-
sult, it is sometimes necessary to substitute value judcgments
for rigorous tests of particular assumptions. In other decisiorn
situations, one must adopt a trial and error methodology
to learn by doinc. Segmentation and separation of dimensions
of evaluation, which characterize the disjointed incrementel
modes of decisions in our society, may create paradoxical
situations where an extremely conservative cguest for safety
in one dimension leads to reckless risk takino in other
dimensions.

Wildavsky (1980), for example, has demonstrated that
safety tends to be positively related to wealth; i.e. "richer
is safer”. Although a broad generalizatiorn, this statement does
indicate that with greater wealth there are more opportunities
to acquire information and develop technologies to improve safety.
As a conseguence, information policy concerning chemical

risks should not prevent innovation, but direct it in a marner




which maximizes net social benefits. To achieve this goal,

it is imperative to obtain the maximum value from all existirc
information bases, to learn efficiently from new experiences,
eand to invest in the development of a capital stock of inforre-
tion so as to maximize future expected yields.

Full vtilization of availaktle information about chermicele
reguires the establishment of a network which interconnects the
many existing information systems to permit efficient re-
trieval. The network must be augmented by grdups of experte tc
facilitate integration of data and to act as human processors of
information. These groups should be equipped with a decisiorn
support system to reduce biases in assessment. Organizational
mechanisms such as science courts or mediation boards shouléd be

established to evaluate quality and validity of information in-

puts into the network and to resolve gquestions which are larcely
technical. Their function would be restricted to the correcticrn
of probability distributions associated with different hypothesecs.
They would not rule on the acceptance or rejection of these
hypotheses. Standardized protocols of testing and other

data acqguisition procedures should be developed to permit

the collection of consistent and comparable information.
Societal monitoring programs should be established as part of
the network to provide early warning and permit accumulation of
experience through guasi-experiments. For example, a cuasi-
experiment could include the introduction of compounds or
changes in their use as experimental interventions in what

Campbell and Stanley (1973) have called interrupted time-

series designs.
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A multi-tier system of information acquisition should
be implemented which is motivated by the criterion of maximizinc
the expected net value of information. Such factors as level
of exposure, persistence, suspected adverse impacts, perceivesd N
- benefits of a chemical, andé contrcl possibilities offered by
better information would simultaneously form the basis for
movement upwards in the tiers. Formal criteria should be
tempered by the employment of discretion to permit recocrnitior
of individual characteristics of compounds and their patterns
of use.

Since many of the guestions of information interpretaticr
and acguistion are guestions of values, forums for public
participation should be established. A communication stratecy
should be implemented with the obiectives of providing
information, triggering value identification and opiniorn
formation processes, and improving societal abilities to process
risk information. Since so little is known about the optiral
formats for information diffusion and public participation, it
1s necessary to experiment with a diversity of technicues in
order to find those formats which lead to societal consensus
without inhibiting technical progress or taking irreversitle
and unwarranted risks.

Movement toward an informed society reguires openness
in information systems. This mav impose significant costs
upon innovation and conflict with property rights which have
been considered basic to our economic system. Furthermore,
openness which threatens the vital interests of organizations

supplying information could lead to temptations to distort
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information inputs. To ensure the integrity of informa-
tion collection and preservation of rights, the confidentiality
of valuable information must be secured and compensation provides

for economically valuable information which is released withc:s

authorization. Mechanisms for the release of confidential
information in the public interest should insure that the rich:s
of all parties involved receive adequate protecticn.

Where risks are imposed on a population, society has the
rigcht to be informed. This right implies an obligation or
those who are the sources of risk to ensure that those who
are exposed, or may be exposed, to such risks are kept fully
informeé. Only with these safeguards will each member of
society be able to make intelligent and informed decisions

on matters of importance and concern to all.

XII. The Canadian Point of View and Some Specific Guidelines for
Implementation of a Chemical Information Policv in Canale

A. Questionnaire Results and Some Specific Guidelines

The likelihood of implementing a chemical information pclicy
in Canada depends in part upon the social acceptance of its prin-
ciples. A policy upon which there is a national consensus ic
likely to be implemented without delay if the government bureau-
cracy strongly supports it (Thompson and Stanbury, 1979). A policy
which is likely to mobilize strong opposition from industry would

tend to have a low probability of implementation.
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To assess the positions of different groups in Canada
¢oncerning information policy, a questionnaire was designed
and distributed to all members of the Caradian Chemical Procducers
Association (CCPA), a sample of members of the Canadian
Manufacturers of Chemical Specialties Association (CMCSAH),
senior environmental regulators in the Federal Government
and in two provincial governments (Ontario and British Columtia:l,

and environmental protection groups.

Seventy chemical producers, 1B regulators and 10 interest
groups responded to the cuestionnaire. The questions dezlt
with information access and exchance policies as well as
treatment of confidential information. Participants in the
survey were asked to indicate their agreement or disagreemert
with policy statements using a 7-point Likert scale. A brief

summary of the results is given below.

There is a consensus that information relating to puktlic
health risks from hazardous chemicals should be generally acces-
sitle. Regulators and public interest groups tend to faver
stronger involvement of public interest groups in the process
of examining information as well as providing informatior about
public preferences to the decision process. The positions of
industry tend overall to mildly support public participation,

but there is a high variance in attitudes within industry.

Regulators and public interest groups strongly suppcrt
government funding of resource centers to help the public
and interest groups to gain access to information as well as

process information which is retrieved. There is only milcd
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overall support for this position in industry with opinions
largely divided between those who are indifferent to the policy
and those who support it. Only interest groups strongly surport
direct funcding of interest group information retrieval and

‘processing activities. Regulators are sharply divided or this

issue. Industry strongly objects to direct financial suppecrt
f lpullif IntE@reéet Groups.

There is a consensus that both government and industry
have the responsibility to provide information to people whe
are exposel to risk. Not surprisingly, chemical producers
tend to strongly support direct industry involvement in the
dissemination of risk informatior as opposed to dissemination
of information through government channels. There is a consensus
that the right of provision of risk information to those
exposed to the risk supersedes industry's rights for security.
There is also a consensus that information about government
decision making should be provided to the public. In particuler,
the main arguments which influenced arrival at a decisicn
should be explained to the public.

The major area of disagreement among the different parties
is the treatment of confidential information. The difference lies
particularly in the area of information sharing amonc different
organizations engaged in regulatory decision making and imple-
mentation.

While interest groups and regulators feel that confidential
data provided by industry should be shared with other federal
agencies, industry tends to object to such arrangements unless
the provider of information has control and satisfactory guaran-

tees that gecurity will be maintained in the receiving agency.
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The strength of positions held by industrialists depends upcr.
the importance that innovation plays in obtaining a competitive
edge in their type of business. Manufacturers of fertilizers,

for example, are less concerned with information security

than manufacturers of bulk chemicals. Interviews with sore
chemical manufacturers indicated that security of confidential
and economically valuable information is their prime concern
with respect to potential changes in regulatiorn of the indus:iry.
Furthermore, interviews indicated that without adeguate guararntees
of security, information inputs to government would tend to be
minimal. Similar attitudes exist about federal-provincial ex-
changes of informatiorn. Some federal and provincial regulators,
however, are not inclined to be strong advocates of such
exchanges, perhaps reflecting the differences among governments
in security arrangements.

Sharing confidential data with outside contractors 1is
strongly opposed by the chemical industry but is supported by
public interest groups. Regulators are divided on this issue,
with the majority in support of confidential data-sharing with
contractors. Similar patterns of attitudes exist about sharinc
confidential data with those exposed to chemicals. Industry
strongly objects to information sharing, regulators are divided
on the issue, and public interest groups support government

information sharing with those exposed.

Clearly, release of information to those exposed to a
chemical will hinder the prservation of security. The positicn

of industry in this case is based on the argument that
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information which does not directly bear upon health or
safetv should be presumed irrelevant unless shown otherwise

(e.g. through a judicial process).

Industry's position can be summarized by the followirc
policy position: "information developed and paid for by 2 cor-
pany and designated as confidential is company property. There-
fore, the campary should have sole control over its distributior

even after it is disclosed to a government agency". This pclic:

position was strongly opposed by public groups anc covernment

regulators. (It is interesting to note that while this pclicy
contradicts the existinc doctrine of crown privilege, it fits

well with the adninistrative practice of maintaininc secrecy.)
Interviews with industrv revealed that industry is largelv

satisfied with current security arrangements and the mainterance

of confidentiality by governments in Canada. The threat of a
change in practice which is not guarded by formal guarantees
is a source of concern to industry.

Traditions of informal information sharing and maintenance
of secrecy by government may impede attempts in Canada tc move
into an era with formal integrated information networks. A move

into a formal information system recuires a change ir the

legal infrastructure to formally protect rights to ccnfiderntiality

and access. These rights are presently maintained throuch

the exercise of administrative traditions and the cooperat:ve

framework of interactions between industry and government (Doern.

1977). Formal information systems would require formal security

arrangements.
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Recent attempts to broaden the consultative process to
include representatives of public interest groups seem to arouse

little antagonism on the part of industry. However, resources as

the éisposal of public interest groups in Canada are small arnd
limit their effectiveness both in representing the public or
issues of values and in providing information to the public.
Since there is some objection to direct governmental financial
support of interest groups, a first step to ensure informztior
flow would be to establish independent chemical risk and benefit
information resource centers with tripartite advisory boards
representing governments, industry and public interest arours.
The method of financing these centers must ensure their indeper-

dence from external pressures on particular issues.

B. The American Influence

The Canadian information strategy must differ from a
U.S. strategy not only because the political and social traditions
and structures are different in Canada, but also because of
smaller population size and more limited resources. Canada
cannot invest the resources on the scale contemplated by the
United States in order to improve the information base on
chemical risks. Thus, Canada, to a certain degree, will
continue to depend on the United States for informatiorn
services. Since the geography and the economic and social
structures of Canada are different from those of the Unitec
States, not all the information which is relevant to decisior
making in the United States is relevant to Canada. There is

resulting need to filter information obtained from the United
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States and to adjust it to reflect Canadian conditions. Thics
would supplement local data collection recuired for decisior

making.

One must also consider the impact of unintended infor-
.mation spillovers which me!' misinform the public and some
decision makers. The intense exposure to U.S. mass-media arnd
the misperceptions they may induce must be corrected by
approrriate counter-inferMation which explains 'differences ir
conditions and values between the two countries (as well as
pointing out similarities) and their implications for the
management of chemicals in the environmernt. The locus of such
activities should be the proposed tripartite information
resource centers.

In sum, Canada can profit from information and expertise
of other eountries butyrultimately, the Fegulation '©f" toxic
chemicals in Canada must be based on distinctly Canadiar

problems and values.
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Introduction

This paper analyzes the influence of Canadian legal and insti-
tutional structures upon environmental regulation of the chemical in-
dustry. First, the paper reviews the theorétical objectives (or ra-
tionales) for the environmental regulation of industry. It then ex-
plores the opportunities and constraints which are imposed by the Can-~
adian legal system. Starting with constitutional limitations on the
powers of different governments, the paper then describes major exist-—
ing environmental legislation which affects chemical producers. Most
of the legislation provides only general guidelines for the exercise
of delegated powers. Therefore, the actual process of developing and
imposing specific restrictions upon industry determines, to a large
extent, the effectiveness of regulation in attaining social objec~
tives. The process of developing specific regulations consists of the
subprocesses of evaluation and inter-institutional coordination. The
actual and perceived efficacy of these subprocesses 1is assessed to
provide a partial answer to the questions: (1) Is the system inclined
to produce "over” or "under"” protection of the environment? (2) Is the
structure of the system a cause of burdensome jurisdictional over-
laps? (3) Is the system likely to produce unnecessary restrictions
on industrial behavior?

The paper then deals with the implementation of regulations.

The potential effects of implementation depend upon the ability of
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goverments and the public to 1impose sanctions upon violators. The
ma jor legal issues involved in determining the avallability of legal
sanctions include 1liability, legal standing and the burden of proof.
The paper concludes with prescriptions for institutional and legal
modifications which may reduce the burden of overlap and ensure a so-

clally desirable level of environmental protection.

Objectives or Rationale for Environmental Regulation

There 1s evidence 1linking health problems with chemical
contamination of the environment (Higginson, 1968, Bridges, 1976).
While cancer has received great public notoriety, there are other
pathologies caused by chemicals 1in the environment such as dete-
rioration of the nervous system, pulmonary function, cardiovascular
efficiency and activities of other essential organs in the body.

The market f;ils to appropriately balance the social costs and
benefits in determining the production and consumption patterns of
dangerous chemicals. The major reason for market failure lies in the
existence of negative externalities (or spillovers) which fall upon
members of soclety not directly involved in the production or consump-
tion of toxic chemicals. Since the market usually does not offer
incentives to deter the imposition of externalities, there is a case
for government intervention. Furthermore, when such externalities
impose an irreversible penalty on future generations (e.g., mutagens

which may change the gene pool of generations as yet unborn), it can be
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argued that it is the role of the government to protect the rights of
future generations not presently represented in the market place.

Market failure also occurs when there is inadequate information
for rational decision making by consumers. “In a world of increasing
specialization and complex technologies, information for intelligent
decision making about a wide variety of goods and services cannot be
summed up 1in their observable characteristics™ (ECC, 1979, p. 48).
The mere provision of 1information by the government may not be
sufficient, since the capacity of individuals to receive and process
information is limited. Furthermore, the provision of information and
its processing by individuals may involve high costs. In these cases
there is a justification for government regulation.

While one could envisage the introduction of a market mechanism
to regulate classical pollutants (e.g., by defining appropriate prope~
rty rights), it wo&ld be infeasible to deal through the market with
what Page (1978) has called the "new" pollutants. New pollutants are
different from classical pollutants in several ways. First, they are
very potent -—-- concentrations measured Iin parts per billion or less
can cause harm. For example, the World Health Organization (1967)
considered mercury levels of over fifty parts per billion in air and
water to be unacceptable. Second, the time span between exposure to
these pollutants and evidence of 11l effects can be very long; skin
cancer from coal tar has a latency period of ten to twenty vyears

(Heuper, 1959). Third, the effects of new pollutants may be irrever-

sible and difficult to detect.
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These properties of the new pollutants not only ensure “market
failure” but raise doubt even about the ability of government regula-

tions td ensure socially desired levels of protection.

The Canadian Legal System

Despite the fact that "Constitutional limitations are often
mentioned as a reason why governments are not able to combat environ-
mental problems as they might wish™, Franson and Lucas (1977, p. 13)
conclude that this 1is not the case. "Even if one level of government
were forced to 'go it alone', it would probably find that it has ample
constitutional power at its disposal to accomplish its objectives”
(pe 13)%

The British North America Act of 1867 which divides legislative
power between the federal Parliament and proviacial legislatures is
the principal documént of the Canadian constitution. This Act enumer-
ates general and specific areas of federal and provincial jurisdic-
tion.

Environment, as a general field, is not covered by the B.N.A.
Act; but the courts have developed legal doctrines to allocate
legislative authority in unspecified fields. "For any particular
statute to be within the power of the legislature enacting it, it must
deal with a matter which falls within the subjects over which the
legislature has authority. As long as the true character of

legislative concern is a matter which is within the competence of the
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legislative body enacting it, the legislation will always be wvalid.
There 1s, thus, a two-step »process: (1) to determine the true
character of the legislation -- its matter, and (2) to determine
whether that matter falls within those subjects over which the
particular legislature has control” (Ince, 1976, p. 15).

Often, a particular problem may lie within the jurisdiction of
both levels of government, each of whom view it from a different
perspective. For example, in a particular case of water pollution,
the federal government may view regulation as a matter of protecting
the fisheries while the provincial government may view it as
protecting the public's health. It should be noted that
municipalities are also involved in environmental control but, since

they are created by provincial legislation, they act principally as

delegates of provincial legislatures.

Section 91 of the B.N.A. Act, 1867 grants the federal govern-

ment the constitutional authority "to make laws for the peace, order
and good government of Canada“. Gibson (1973) suggests that powers
under this clause provide the federal government with the authority to
deal with all forms of pollution which cross provincial boundaries and
international borders and to handle an environmental emergency such as
a large scale escape of poisonous substances to the environment.

Of the powers enumerated in Section 9! of the B.N.A. Act,
Franson and Lucas (1977) find those associated with criminal law and
trade and commerce the most likely to be of use in dealing with haz-

ardous substances.
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However, there are several limitations on the ability of the
federal government to use the criminal law to regulate chemicals in
the environment. Federal criminal 1law may not be used in a
“colourable” attempt to encroach upon traditional areas of provincial
jurisdiction which are protected by the Court. Also, the use of
criminal law restricts the type of avallable remedies and sanctions

(MacDonald, Railquip Enterprises v. Vapor Canada (1976), 7 N.,R. 477;

66. DoL.R. (3d) J1.). The courts oversee the appropriateness of
sanctions in new legislation to determine if it is a valid application

of the criminal law power.

Three sectlions of the Canadian Criminal Code have relevance to

environmental protection (sections 176, 174 and 175). Under section
176 the Code makes it an offence to commit a common nuisance. For
someone to be convicted under that section, however, the court must be
satisfied that the~conduct was a violation of some additional law.
This makes the application of section 176 unlikely.

Section 174 prohibits the throwing, injecting or depositing of
offensive, volatile substances that are likely to alarm,
inconvenience, discommode, or discomfort any person or cause damage to
property. Section 175 gives a Justice of the Peace or magistrate wide
powers to prevent a person from injuring others. Ince (1976, prp.
43-44) comments that “"such broad discretionary powers would be invoked
in only the most serious cases, and therefore, this section has

limited wusefulness in an environmental context, yet it may be
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applicable where the environmental threat poses immediate and serious
danger to life and property”.

The federal trade and commerce power has been recently inter-
preted more broadly. For example, the courts have allowed the
expansion of federal regulation of interprovincial trade (Franson &
Lucas, 1977, p. 16). Franson and Lucas (1977, p. 16~17) conclude that
the "trade and commerce power adds another justification [to the
criminal law power and general power] that might be offered.
Certainly some commodity standards are motivated by econonic
considerations and would be beyond question. With respect to more
doubtful cases, it must be borne in mind that the person challenging
any legislation  has the burden  of showing that it is
unconstitutional. It would be hard to mount such a challenge because
of the difficulty of determining the real aim or objective of the
legislation and beéause Parliamentary debates, speeches, and other
extrinsic alds probably could not be resorted to before the courts”.

The B.N.A. Act gives both the federal and provincial govern-
ments powers with respect to agriculture. However, the section ex-—
pressly states that any provinclal act concerning agriculture shall
have effect only if it does not contradict any federal law (Ince,
1976). Both 1levels of government can use this power to authorize
legislation dealing with fertilizers, feed products, and pesticides.

Section 92 of the B.N.A. Act, 1867 gives the provinces wide

domains of Jjurisdiction. Provincial legislatures have authority
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within their provinces over matters of manufacturing, municipal
institutions, property and civil rights, the working environment and
waste disposal. Clearly, provincial authority {s limited to the
boundaries of the province. Ince (1976, p. 23) observes: “Because
[provincial powers of legislation] are framed in such general terms,
it 1s very difficult to 1limit provincial powers. Over the past
century the courts have, quite understandably, interpreted these
powers very broadly which has enabled the provincial legislatures to
deal with a vast number of areas. On the basis of the provinces'
powers to control property, civil rights and local matters, a great
deal of environmental legislation is authorized. We can safely say
that these powers allow the province to legislate on land, air, water
and noise pollution, 1land wuse control, parks and industrial
regulation”. However, by the doctrine of paramountcy, provincial
legislation does hot take effect whenever {t conflicts in an
operational sense with valid federal legislation (Local Prohibition
Case [1896] AC 348).

The federal Parliament also has power over the census and
collection of statistics. These powers ensure the ability of the
federal government to force the release of any information it needs.
Provincial governments do not have similar general powers to obtain
information. They must rely upon other powers within their control to
indirectly obtain information they require <(e.g., by making the

granting of a licence dependent upon the provision of some specified

information).
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Federal Legislation

The major environmental acts which may affect the behavior of
chemical producers are as follows:

(1) the Fisheries Act;

(2) the Canada Water Act;

(3) the Clean Air Act;

(4) the Environmental Contaminants Act;

and (5) the Pest Control Products Act.

The Fisheries Act, the Canada Water Act and the Clean Alr Act

are general pollution control statutes. The Fisheries Act is based

upon the specifically designated federal power to deal with sea coast
and inland fisheries. The act prohibits the deposit of deleterious
substances of any type in water frequented by fish or in any place
under any conditions where these or other substances which result may
enter such water. .Deleterious substances are considered to be those
which, when added to water, render it "deleterious to fish or to the
use by man of fish that frequent that water”. Furthermore, the
federal Cabinet may prescribe, by regulation, substances which are
considered deleterious to fish under the Act. Cabinet may also iden-
tify conditions under which substances can be legally deposited. The
provisions of this Act are very general, making almost any discharge
to water frequented by fish a violation of the Act. Indeed, the Act

1s so wide ranging that it cannot be implemented without regulations
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specifying what discharges to water are permitted. In fact, the
federal government has not prosecuted industries under this Act where
specific regulations have not yet been developed. There 1is one area
of the Act, however, that does not permit any exceptions: discharge
to spawning grounds. The Act states that "The eggs or fry of fish on
the spawning grounds shall not at any time be destroyed.”

The Canada Water Act authorizes the establishment of water qua-

lity management areas by the federal government in collaboration with
provincial governments. For water bodies which are under sole federal
control, inter jurisdictional waters, or when an urgent national need
exists, the Act permits unilateral action by the federal government.
The major task of agencies which manage water quality areas is to
maintain waste treatment facilities and to achieve effective water
quality management. Some of the steps to ensure effective management
include monitoring,‘research, and the establishment of a water quality
management plan. Such a plan would include:
(1) recommendations concerning water quality standards and a
schedule of implementation;
(2) recommendations about the types of wastes and quantities
(if any) that may be deposited into the water and the con-
ditions under which the wastes can be deposited;
(3) recommendations as to the type of treatment facilities

necessary to achieve the prescribed standards; and




(4) recommendations as to appropriate effluent discharge fees

and appropriate waste treatment charges for government
treatment facilitles and waste sample analysis charges for
inspection of other facilities.

These recommendations would be widely published (including 1in the

Canada Gazette).

Where these plans are approved by the federal Cabinet for fed-
eral waters, and by the federal Cabinet and the appropriate provincial
government for jointly managed waters, an agency managing a water
quality area will have wide power to implement its plan. Cabinet may
make regulations to prescribe substances and quantities that may be
deposited in management areas and to set forth the conditions for
their deposit. Cabinet may make regulations to prescribe the pro-
cedure followed by each agency in its management of the water bodies
under 1its jurisdic{ion. Cabinet may then prescribe criteria for the
determination of discharge fees and the manner in which such fees are
to be paid. All regulations are in force if they are made on the rec-
ommendation of the agency, or on the joint recommendation of the fed-
eral and provincial cabinets where the cabinets are parties to the
water management agreement.

There are still no areas designated as water management areas
and therefore the general restrictions imposed by section 8 of the Act
are not yet in force. The Act offers only a potential for the co-

ordinated efforts of the federal and provincial governments. The
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second part of the Act dealing with nutrients especially affects the
manufacture of laundry detergents and other cleaning agents with con-
stituents which may cause eutrophication. The Act forbids the manu-
facture or importation of any cleaning agent or water conditioner that
contains a nutrient in a concentration that is greater than the pre-
scribed maximum. Cabinet has the power to choose the nutrients and to
set maximum concentrations.

The Clean Air Act, like the Canada Water Act, is cast in gener-

al terms and its implementation depends upon further government action
=- 1in this case, the promulgation of specific emission standards.
This act gives Cabinet the power to establish maximum limits on emis-
sions from stationary sources to the ambient air i1f such emissions im-
pose risks on health or are in violation of an international agree-
ment. The Act also permits the establishment of an air pollution mon-
itoring system. UAder the Act, the Minister responsible for {ts ad-
ministration is authorized to formulate national ambient air quality
objectives. Objectives suggest the atmospheric concentrations of
specific substances which are considered desirable, acceptable or tol-
erable by the government. These objectives are only guidelines and
are not legally enforceable. The objectives provide a signal to in-
dustry about potential federal regulation as well as notifying prov-
inces to incorporate the objectives into their own regulations. The

Act provides broad powers of inspection and information collection.
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The Environmental Contaminants Act overlaps, 1in part, the do-

main of the other general pollution control acts. "Environment Canada
officials maintain ... [that the act] ... is designed for a supplemen-
tary role. It is intended to cover problems that cannot be dealt with
effectively under other environmental legislation” (Franson and Lucas
1977, p. 48). This act 1is specifically designed to deal with the
“new” pollutants identified by Page (1970). It is jointly adminis-
tered by the federal ministers of the Environment and National Health
and Welfare. Where they have reason to believe that a substance may
enter the environment in quantities or concentrations that may consti-
tute a danger to human health or the environment, the ministers are
authorized to (1) require commercial producers of that substance or
class of substances to notify the government of such activities and
provide information about the substances, and (2) require producers
and importers of th; substance, or any product containing 1it, to con-
duct any tests which the ministers may reasonably require.

Where a person manufactures or imports for the first time a
chemical compound in excess of,five hundred kilograms, he must, within
three months, notify the government of the name of the compound, the
quantity manufactured or iwmported during that year, and any infor-
mation in his possession about any danger to human health or to the
environment posed by the compound. After consultation with industry

and the provinces, the federal government may prepare proposals for

regulation. These proposals must be published in the Canada Gazette.
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There is a period of 6U days after publication during which objections
tu the proposed regulation can be filed. Objections are reviewed by a
special - Environmental Contaminants Board of Review which 1is estab-
lished especially for this purpose. The board makes recommendations
to the Minister of the Environment who is not legally obligated to ac-
cept them. After these procedures are followed, Cabinet may make the
final regulations effective. The Act provides broad powers of inspec-
tion and seizure to ensure that regulations are obeyed. In emergency
cases, Cabinet may suspend this lengthy procedure and make regulations
effective immediately. One should note that the right to object and
involve the governmant in an expensive review process effectively de-
ters government from introducing regulations without an extensive con-
sultation process.

Like many other federal environmental control statutes, the Act
is an enabling st;tute which becomes meaningful only when specific
regulations are made under it. In a later section we therefore pay
special attention to the process through which specific federal regu-
lations are developed. The wide powers of enabling acts, however,
have an 1important psychological value == they create industry
expectations which result, at times, in voluntary compliance without
the need for formal regulation. The broad powers which are delegated

by an enabling act, however, also create uncertainties which may

inhibit some of their useful economic functions.
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The Pest Control Products Act requires the registration of all

pesticides and adherence to restrictions on_ storage, packaging, and
labelling. The registration process is prescribed by regulations un-
der the Act.

Other federal legislation which may be invoked to protect the
environment and which directly affects the production of chemicals in-

cludes the Hazardous Products Act and various acts which affect the

transportation of chemicals by land or water.

Some recent proposals for provincial and federal legislation
concerning transportation of hazardous goods raise questions of pEiins
ciple as to the degree of industry's liability and means of compensa-

tion. These questions are dealt with separately in a later section of

this paper.

Provincial Legislation

“General pollution comtrol statutes exist ‘in all the prov-
inces. These establish regulatory schemes based on permits or approv-
als to regulate the discharge of contaminants into air, water or land"
(Franson and Lucas, 1977 p. 27).

The B.C. Pollution Control Act (1967), for example, established

a Pollution Control Board appointed by the provincial government to
oversee the operation of the Pollution Control Branch. The Board,
after public hearings, develops a set of objectives for different in-

dustries. These objectives are unenforceable guidelines.
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The emissions by industry to air, land or water are controlled
by a system of site-specific permits. These permits are issued by the
Director of the Pollution Control Branch who enjoys considerable dis-
cretion in issuing permits. The Director may also issue an approval
for a temporary discharge instead of issuing a permit, and Cabinet may
exempt certain classes of polluters from the provisions of the Act.
The Director also has wide powers to change and cancel permits once
they are granted. Discharge without approval is an offence.

The Act provides adequate powers to investigate possible viola-
tions, but the penalties are not severe. Ince claims “"it is doubtful
whether such penalties are effective deterrents in all cases. It is
concelvable that large corporate polluters could find it economically
profitable to violate the Act and pay $500 per day fine" (1976, p.
54). Of course, the permit might be revoked if there were a
continuing violatioé.

Objections to applications for permits can be filed by those
whose interests may be directly affected. However, members of the
public who are not eligible to file objections directly may file
indirectly through the Pollution Control Board which then decides
whether the public interest requires the Director to consider the
objection. The Director has complete discretion to hold or not to
hold a hearing about an objection, but the courts have ruled that 1in

exercising his discretion the Director must act in a judicial manner

(Ince, 1976).
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Appeals concerning the decisions of the Director may be filed
with the Board, and appeals concerning Board decisions can be filed
with Cabinet or the Supreme Court of B.C., as the appellant may de-

cide.

The Environmental Protection Act (1971, amended 1972) of

Ontario is the principal instrument in that province for controlling
discharges 1into the environment. The Act prohibits discharge into
the natural environment of any contaminant in an amount or concentra-
tion in excess of that prescribed by regulations. The Ministry of the
Environment may issue a stop order to those who discharge emissions
which constitute an immediate danger to human life. The Act states
that discharges to the natural environment are prohibited that may:
(1) damage the quality of the natural environment, (2) cause damage to
property, or to plant or animal life, (3) are likely to cause harm or
material discomfort‘to any person, (4) adversely affect the health of
any person or impair his safety, or (5) make any property or plant or
animal unfit for use by man.

The Act requires approval by the Ministry for contaminant dis-
charges into air. The approvals are based on ambient air quality cri-
teria established by regulation. These ambient criteria are not
linked to an offence or to compliance order provisions. Consequently,
they are not legally enforceable except to the extent that they are
incorporated as terms or conditions in approvals issued by the Minis-

try of the Environment. “Regulation under ... [the Act] ..., however,
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establishes point of impingement (stack) standards (as opposed to am~
bient criteria) which are enforceable through criminal prosecutions”
(Franson and Lucas, 1977, p. 28).

The Ministry may also issue an order to limit or control the
rate of emission or discharge of a contaminant to the natural environ-
ment or to specify other actions which are designed to control the
emission. An appeal procedure 1s available when applications for cer-
tificates or approval are denied, modified, or granted conditionally.
The Act also develops a system of approvals for waste management or
disposal sites.

Water pollution in Ontario, however, is primarily dealt with by

regulations developed under the Ontario Water Resources Act (1970,

amended 1972). The Act prohibits the discharge of any substance which
may impair the quality of water. This 1mpairment is considered to
have occurred if makerials deposited or discharged cause or may cause
injury to any person, animal, bird or other living thing as a result
of the use, consumption or contact with the water. Breach of the Act
i{s punishable on summary conviction by a fine, imprisonment or both.
The Ministry of the Environment may also demand corrective action fron
industry (e.g., installation of pollution control equipment). The Act
requires approval for the establishment of sewage works as well as
notification of all accidental discharges of contaminants. Under the
Act, regulations can be developed to prescribe standards of quality

for sewage and industrial waste effluents, receiving streams and water

courses.
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Most provinces have similar pollution control statutes which
cover all media of discharge (water, air and land).  Alberta and
Saskatchewan have separate water and air pollution control acts. The
basic legislative models for provincial environmental protection typi-
cally include a system of permits and regulations or guidelines which
specify different parameters of quality. In addition, provincial leg-
islation grants powers to the appropriate agencies to issue orders to
modify or stop emissions. Legislation authorizes information collec-
tion for both general research and specific monitoring purposes.
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