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ABSTRACT

The dewand For iting new haZardoUs waste disposal facilities has
grown ratiopally during the past decade while opposition to these
facilities has also increased. ALt the heart of this controveray Ls the
issue of rigk. The meaning of risk in thiz coanktext (5 subject to various
interpretations. The task of resolving these tontroversies has bean left
Lo the states. This paper discusses the preblem of defining risk In the
cotite¥t of hazardous waste fagility siting regulabicns, and proposes a
method of research for analyzing the proceas by which clak s defined and
the {mplicationa of this process for crganizational learning.
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INTRODUCT ION

The problem of hazardous waste management has frequently been
referrad to ad "{he single most threatening environmental imsue facing the
country,” {U.S. Gansral Aeccunting Office, 1982:8) or the "apyirgnmental
problem of the century" (Epstein et al., 1982:37). These characterizatlons
of the problem are =n acknowledgment of a serious predieament which this
iasue poses for a modern industrial soeiety. On the one hand, society has
come to depend on products and processes which require the ever-increasing
use of complex and dangerous chemicals that must somehow be safely
dispased of after they are no longer useful. However, In spite of the
inoreasing demand sach year For new hazardous waste digposal facilities
{HWDF) to be built, there has been continpusus opposition te the loecatlen
of thnese fauilitiles in almost every commnity across the nation.

At the heart of this sitinpg controversy is the issue of the risks
posed by these facilitias to the communities L whioh they would be
housed. The meaning Of the poncept of risk im this conteXt is subject to
various interpretatipns by all those who have a stake in the outcome of
the decisicn. In partigular, there have heen dimagreements over the
proper boundaries of the risk debate {(bhat is, the breadth an® nature of
risk in this conkext), 53 well as disagreementz about what is an
aeceptanle level of risk for a community to bear from these facllitles.
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The task of resolving these siting controversies has been left to the
states: who, for the most part, have responded to these issues by
developing regulations which codify what the states consider are
acceptable levels of risk from a proposed HWD facility to any given
community. In the course of developing the regulations governing the
loeation of these facilities, the states have been guided in their
decision making by certain norms, strategies and assumptions which are
deseriptive of and provide an explanation for their overall behavior
(Schon, 1983:117).

Given that the problem of decision making in this area is fraught
with uncertainties and incomplete information due to continuous changes in
the technological, economic, and political enviromments which affect
hazardous waste disposal, those responsible for developing HWDF siting
regulations are presented with a difficult situation. Decision makers are
not only confronted with the need to consider multiple and sometimes
conflicting perspectives on this issue, but they must also remain ready to
respond to the continuous challenges brought about by a changing
environment which may reguire a rethinking of their theories-of-action;
that is, the standard operating assumptions, strategies and norms which
guide their decision mzking on risk, The guestion remains whether or nat
states have the capacity to cope with a changing environment regarding
risk and thus make the necessary adaptations that are required for an
organization to learn and therefore to survive and flourish.

The Theoretical Debate

There is a debate currently taking place among scholars of risk
analysis and policy making regarding the proper seope and nature of the
concept of risk. Traditionally, risk has been defined as, "a compcund
measure of the probability and magnitude of adverse effect. Thus a
statement about risk is a description of the likelihood and consequences
of harmful effect" {Lowrance, 1980:6). This approach te the definition of
risk has been widely accepted in the past, but is currently being
challenged by a growing number of scholars who say that it is not
comprehensive enough to address issues which do not easily lend themselves
to quantification and measurement. It has been asserted that the
conventlonally-accepted definition of risk, while appropriate for an
engineering-type approach to risk, is inappropriate and, "misleading at
the broader, more intractable, level of risk management"” (Rayner,

1984:4). Along these lines, Nelkin and Pellak have also peinted out that
when risk is being discussed within the context of controversial
technologies it is not always viewed, "as a problem to be solved, but as a
controversial question requiring dialogue and negotiation" (1979:313}.

These scholars and others have pointed out the need for a new
emphasis in the approach to defining risk. Fischhoff et al., have noted
that becauge

the definition of risk.. is inherently controversial, [that is]
the choice of definition can affeet the outcome of policy
debates, the allocation of resources among safety measures, and
the distribution of political power in society..., a highly
flexible general approach to defining risk [is necessary}
(Fischhoff et al., 1984:124).

An approach is needed which is more responsive to multiple and, perhaps,
different meanings of risk grounded in different sets of values.

Hadden, (1984) states that the decision making process regarding
technological risk has been dominated by technieal consideraticns to such
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an extent that various political considerations have been considered
illegitimate, In particular, decision makers have tended to overlook the
impertance of gathering information on the meaning of risk from those who
are directly affected by it in favor of gathering more analytical
information.

Pomination of the risk aralysis field by economists,
psychologists, and toxicologists ras caused this simple truism tc
be lost in a forest of strategles for measuring risks and
treating them efficiently. Issues that are redistributive, that
are based on technical information that Is charactcrized by
uncertainty, and that affect individuals' own health and quality
of like are issues that must forever be political. Refinements
of political institutions should therefore be designed to improve
g§£;icipabion of affected parties and So elicit relevant
{nformation--in other words, to perfect the process by which all
public decisions are made...(Hadden, 1984:17}. Emphasis added.

Defining risk differently can lead to alternative ways of thinking
about the acceptability of various risks (Fischhoff et al., 1984). For
instance, Bayner (1984) has pointed out that althcugh public acceptance of
risks has always been

framed in terms of differential perceptions of prooabilities...
the choices between those probabilities are incomprehensible to
most of the public and...I would guecss that the truth is that the
public doesn't care about probabilities in choosing between btwo
courses of action when the differences in probability are so
small as they are in most of the risk-management decisions that
policy makers currently face (Rayner, 138L:8),

Starr (1984) has pointed out that what people are concerned about is
trust. Societal acceptability of risk depends on its confidence in the
capability of its institutions to manage various risks rather than on
rigorous, scientific assessments. What is being underscored by all of
these writers is the need for changes in the approach to risk asgsessment,
that is, changes in She process by which decisions are made about the
scepe and nature of risk.

The Meaning of Risk in the Hazardous Waste Context

It has been noted that there are at least three guestions which
concern the public most when it is confronted with a situation involving
societal risk.

1. Is the procedure by which collective consent is optalned for a course
of action acceptable to those who must bear its consequences?

2. Is the principle that will be used to apportion liabilities for an
undesired conseguence acceptable to those affected?

3. Are the institutions that make the decisions that manage and regulate
the technology worthy of fiduciary trust? (Rayner, 1984:9).

Judging by the type of issues that nave been raised regarding the
risks from hazardous waste disposal facilities, the above yuestions
accurately summarize the scope of public concerns. Although the reasons
for opposition to HWD faeilities vary from community to community, they
generally include some combination of the following factors.

1, Fear and uncertainty.,.about the safety of these facilities.

2. Both real and perceived impacts frem facility construction and
operation activities (noise, traffie, public service burdens, risks
and aesthetic impacts ete.)...
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A fear that property values will drop...

...[A) perceived stigma associated with becoming a 'hazardous waste

dump,*

5. ...[Distrust [of] industry and goverrment's ability to assure the long
run safety of these facilities.

6 ...[Inability] to fully comprehend the extent of the costs, risks and
benefits associated with these fagilities, and thus how they should
apprepriately respond to a proposal.

7  ...[The suitability of the site inecluding] soil permeability, seismic
stability, groundwater contamination and alternative uses: for a site.

B ...[A biased| siting process [favering developers at the expense of
local citizenms]...

9. The types of wastes to be treated or disposed of...

10 The information provided to communities is viewed as insufficient or

too technical for them to confidently make a deeision (Clark-

McGlennon, 1980:6).

=W

"Opposition to the siting of hazardous waste management
facilities...is in part a consequence of conflicting perceptions of how
best to manage the risks associated with hazardous waste" (Elliott,
1984:397). In most states, local citizens' interests and perceptions of
the problem differ from those of other stakeholders-namely, regulatory
agencies, hazardous waste generators, and operators of treatment and
disposal facilities. Those who have been arguing on behalf of the siting
and construction of neW treatment and dispesal facilities have often
utilized the Following types of arguments to neutralize the opposition of
their critics. It is often said that the risk from HWD facilities is no
greater than the risks from other commonly-accepted industrial opeérations
and therefore, these types of facilities should not be feared. A&
corollary statement that is also often put forth ls that because
individuals often valuntarily engage in activities that are far more
riskier than living near a hazardous waste treatment or disposal facility,
it is illegical for them to oppose the siting of such a faeility in thelr
community. Thus, involuntary risk is egquated with voluntary risk.
Finally, it is often argued that oppesition to hazardous waste facilities
is based on irrational fears and lack of information and education about
such Facilities; and that once opponents are educated about the
technological safety of the facility they will no longer oppose the siting
process.

Many of those who have been arguing in favor of the immediate siting
and construction of hazardous waste treatment and disposal facilities,
often have not been speaking the same language of risk as their
oppenents, Gaming research has shown that citizens involved in haZardous
waste facility siting issues, “are concerned with a richer array of risk
management options" than was previously realized (Elliott, 1984 :398).
That is, laypeople are often more concerned Witk strategies of risk
management which emphasize risk detection and mitigation versus risk
prediction and prevention. The former strategies stress such issues as:

If hazardous conditions develop, do we have the means to detzet
these changes? If so, will that data be collected and
serutinized so as to detect changes quickly? If sericus hazards
are detected, do we know how to reverse the dangers and the
negative impacts? Will these mitigation measures be applied with
suffiglent speed and skill to be effective? {Elliott, 19BL:398).

Previous approaches to risk management have not focused on these
types of issues, Rather, risk management has traditionally dealt with the
risks from hazardous waste facilities by means of improving systems far
predicting and preventing problems from oecurring, and relying on
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technological control mechanisms cather than on soclal conrtrel mechanisms
(Elllott, 1984).

A Proposal for Research

The very nature of the theoretical debate regarding the meanirg of
risk provides a compelling reason to examine the process by which risk has
seen defined in the context of developing hazardous waste facility siting
regulations, The sStates have the primary responsibility for determining
what the risks are from HWD facilities and what are acceptable levels of
risk for individuals and communities to bear. Given the variation in the
meanings of risk and the fact that in this issue area continuous changes
are occurring in the technology, economics and politiecs of hazardous waste
management, the following question needs to be researched. How have the
states responded to the need for a dynamlc decizsion making process
regarding the definition or risk?

The subject of the present research is a comparative anmalysis of the
process by winich risk has been defined in the hazardous waste Facility
siting regulations of Pennsylvania (by the Department of Environmental
rResources-DER}, and New Jersey (by the Department of Environmental
protection-CEP), to determine whether or not learning nas ocecurred within
these tWo organizations during the process cf developing the siting
regulations,

At the present time, approximately ona-half of the states have
regulations governing the siting of HWD facillities. States such as
Pennsylvania and New Jersey are among the largest generators of hazardous
waste and as such, have the greatest need for new disposal facilities to
be located and constructed. In response to this need Pennsylvania and New
Jersey passed comprehensive legislation in the early 1980's governing the
management of hazardous wastes. This legislation called for the
respective states to develop criteria and standards for siting HWDFs and
to review and amend these criteria on a regular basis.

The development of the siting criteria and standards (which were
fipalized as deparimental rules and regulations) was an iterative process
which took place over the course of Five years in Pennsylvania and Lwo
years in New Jersey. Decision makers im each of these states initially
drafted siting criteria le.g., wetlands, Flood hazard areas ete.) which
reflected thelr respective departments' assumptions about what they
considered were the greatest risks from hazardous waste disposal
facilities to the surrounding areas in which they would be located. The
initial siting standards, were a measureé of ah acceptable level of risk
from a propesed facility to any given criterion.

Once the initial siting criteria and standards were drafted, the
states allowed a public comment period, The comments represented a
variety of individual an¢ organizational views of risk; some of which,
Were based on an entirely different set of norms, strategies and
assumptions than those used by the states. Following this pericd of
public input, the DER in Pennsylvania and DEP in New Jersey considered the
camments and reviged the inmitfial sitimg eriteria and standards. This
process was repeated in each state until final siting regulations were
approved -- in fugust, 1985 for Pennsylvania in September, 1983 for New
Jersey.

A Method of Research for Organizational Learning

There are several major questions which research ¢n organizational
learning addresses: Has learning occurred, or Is it occurring? If so,
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what kind of learning is involved? I3 it organizational? What is its
quality? {Sehon, 1983; Argyris and Schon, 1974). To study these types of
questions, it is necessary to have aceess to at leagt three interrelated
phenomena.

1. Organizational theory-in-use at Time 1
2. Organizational inquiry
3. Organizational thecry-in-use at Time 2

&n organization's theory-in-use is implicit in the nerms, strategies
and assumptions that govern its regular task performance. Thus, an
organizations' theory-in-use may be inferred from the way in which it
detects and corrects errors (Schon, 1983}, In order to tell whether there
has been a change in theory-in-use, it is necessary to identify and
describe two successive states of the theory-in-use, In order to tell
whether the change is attributable to organizational learning, it is
necessary £o study the process of inquiry that mediates the shift from one
state of theory-in-use to the next.

For organizational learning to occur, the organization must first
engage in a process of inquiry; which has been described as a combination
of "thinking and doing" (Schon, 1983:121), Organizational inquiry is
preceded by the occurrence of some phénomenaon {in this case, the input
from the public hearings) which triggers the organization to, "...reflect
on previcusly unquestioned assumptions, gather new information, experiment
with new patterns of acticn, or argue over conflicting interpretations
rooted in different values" (Schon, 7983:121).

Although there are different types of organizational learning, Schon
{1983) draws a distinetion between two types; both of which invelve the
restructuring of an organization's theory of action. One involves changes
only in an organization's strategies whereas, the other involves a change
in both the organizations' strategies of action and the underlying
norms. This research wWill determine whether, and to what extent, the
various revised drafts of the HWDF siting eriteria reflected change in the
respective states' theories of action- That is, any change in their
norms, strategies and/or assumptions.

How States have responded to challenges to their operating
assumptions and norms during the course of preparing the siting
regulations may indicate their capacity for learning and suggest ways ta
improve it. Whether or not states have the capacity for organizational
learning is important in this context because it will affect the states'
ability to update and revise the siting regulations on an ongeing basis as
changes accur in the technology, economics and polities of hazardous
waste.
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ABSTRACT

Results from twe studies focusing on public risk judgment concerning
the ASARCO Smelter in Tacoma, Washington are reported. The first study
examines the factors affecting risk judgment among persons directly
exposed to emissions from the smelter. Two public samples were studied,
cne composed of participants in public hearings and one generated by a
telephone sampling of the general population of Tacoma. For these public
groups, risk judgments and risk tolerance were closely associated with
judged benefits of the hazard source, among other factors, and not with
level of technical information about the hazard nor to residential
distance from the smelter. The second study employed college students as
subjects in a "simulated hazard" where subjects were instructed to respond
" as {f they lived in an area of Tacoma affected by the smelter." Where
the primary purpose of the Pirst study was substantive, that of the seccnd
study was methodological, exploring the use of a longitudinal panel design
to study risk judgment. Data were collected from the same subjects abt
three points in time, a week separating the first from the second and the
second from the third, Information about the hazard was made available to
subjects during the breaks between sessions. In each testing period,
subjects provided information on judgments of risk, on their informaticn
seeking behavior and on risk mitigation. These data were ussd to test and
revise a structural model of the effects of infaormation on risk judgment
and risk mitigation.

KEY WORDS: Risk Judgment, Risk Communication, Hazard Information, ASARCO
Smelter

The publie information activities undertaken by the Environmental
Protection Agency as part of the hazard management process for the ASARCO
smelter in Tacoma, Washingtoh, provided a rare opportunity to study the
effects of formal risk estimates on public risk judgments. Two such
studies are described in this report. The first study is a fieid study,

*This research was supported in part by the Technology Assessment anc
Risk Analysis Program of the National Science Foundation and the Division
of Civil and Environmental Engineering of the National Science Foundation
under Grant PRA-8312309.
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examining the faetors affecting risk judgments among persons directly
exposed Lo emissions from the smelter. The results of this study raise
doubts about the direct effecls of Formal risk estimates {l.e.,
caloulated, scientific or techunical estimates of the ill effects of a
hazard). The second study is a laboratory study, exploring the factors
affecting the .s¢ of razarn infor-atlon by college-stugent subfects acting
as if tnay were res:femc8 of Tagoma, & l2eal eartniuige hazarld L& U8 as
a comparison case tg help demonstrate those conditicms that iead Lo the
seaking out and use of hazard information.

FIELD STUDY
INTRUPUCTION

Other participants in th.s symposium have addressed the many
technical problems assceiates with estimating and attempting to manage the
risks of the ASAXC0 smelter. The complexity of those prob.ems and the
uncertainties that accompany them would in themselves make determination
of the best course of regulatory action a difficuit task. In the ASARCO
case, as in most risk marsgesont gases, the technical and scientifice
difficulzies are gompoundes by complex soclal questions and by the legal
and ethical right of the aflected public to have an influence on Lhé risk
management process.

From a social science porspective the ASARCO case presented a unique
opportunity for researen. 14 ralsed the difficult guestions of ris<s
versus ~onefits, and, at the same time, involved a ratural population of
potential subjecls who were : zn

recily exposed Lo LnE L3 anc nad 2
opporcunity to influence their levei of exposure. Along with these
characteristics, the Enviranmental Protectlion Agency's efforts to
publicize its formal risk astimates and proposed controls made it possible
tg examine the effects of such infermation on public reactions. In light
of the other papers describing elements of the formal risk cstimation
process, this paper will emphasize findings relating te the effects, or as
the case may be, the lack of effeqts of fermal risi s3timates on public

cpinicns and risk tolerance.
Mathod

Tane findings to be reported here are based on data ccliected from
questionnaires distributed at the EPA-sponsored publie hearings in Tacoma,
and from a concurrent systematic telephone survey of persons living within
a twelve mile radius of tre umelter., A total of 347 compieted
questionnaires were coliéctod as the hearings, an estimated 30% of the
hearing attendees who were residents of the affected area. Two hundred
and sixty-six persons completed the telephone survey.

Questionnaire ltems were assentially the same for doth the rearing
and phong samples. They were designed to measure such variables as
responcents' informal risk estimates, judgments of the risks versus
benefits of the smelter, voluntariness of uthe risk axposures,
environmental ideology, and factyal knowledge of the formal risk estimaces
and proposed regulations. A variety of demographic factors were also
aexamined, the most important of these ineluding distance of residence from
the smelter, length of residence in the area, age and family member
employment at the smelter.

Trothe Zata aralyszes all ¢f ths varian.es Just desaricec «e
considered in relatien to respondents’ atiltudes Loward adaiiion
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contrpls for the smeiter given the possibility that st eontrois night
1ead to the smeltep's closure and the resnltant losa af jabs.  Based on
cheir attltudes toward additional controla, respondents were identified s
either Morg Tolerant (less controls) or Les: Tolerapt {(more eonbrols) of

e ARkl B Lo

e smelter risks,

g5..73 a"g 2lamassion

2

In repurting the study's results, data ovtained from respondents at
tne nearlog must be distinguished from data obtained from the telsphone
survey. Because redpondents who attended tho hearings shnwed themselves
Lo be more interested and informed about the ASARCO issue, and in view ol
tne fact that many ln thig group provided inpul direetly to the ER&,
results from -ne hearing will be giyet more: attentjon here. At the same
time, -owWever, it is important & %esp in mind that because Lhe azzard ia
nuRstion affected ali of the residents of 'na area, 02t lust thos2 uno
attended the nearings, she epinions of the genaral prpalatign also warrant
attention. Thue. along with the main findings from en@ hearing, key
findings from tne ce€lephone survey wili alss se reported whare
appropriate.

Jecause “he purpwde of the hearings was to obrair public input about
che need for addifions: ppliutien contrsls far the smeliter, (b 1S
apprapriate to cansider First how respanderls felt apout this quastiosr.
Table 1 presents the results of two questians, the first asking simp.y iF
additional pollutien eontrolu Were favared for the smelter, bhe spcabhd [F
saditional contrelg Kere favored if it meanl. the smelbér might nave Lo
closs and 'cba would ve lpst. 4s ean ke seon in tne tabie, che expliall
rre posyibillby of plant closure ans job less produecd
nokable ¢nanges in the response perc@htages 727 aotn ffaring art 000
suryey respondents. While a msjority of those at the hearing =t.ll
favored additional cantrois even if they mignt lead 1o s.osure, among
pkone survey respandonts the weight of apinton shifted from a plurality
suppert for centrols to a plurality in opposition, The aliferent
respenses 5o the two gueations Llluskrate Lhe importance of the Jobs
verslls health guestion on public risk bolerance, The differsnces between
the oainions of nesring and phone survey resgondents sbggests Lhat input
PE2SLV8S A1 SUCN Tuulin REArLRgs Cay Mot te reproguntative af tne

gentiments of the puaiic ab isrge.

P “
reoergnesd ot

Turning t¢ factors ¢hat may nave shaped the opinions just examined,
Table 2 presents selectes correlatlonal results from the Hearing data,
showing the 9 ftems having the highest correlations with risk tolrrance as
reflected ic Zesirts Jor additional controls. Conzistent with what we
nave just seen, césgondent's ‘udgments ol Lng relative costs versus

Table !

Attitudes Toward 2cditizna. Pallution Controls

Support additional centrols Supperr additipnal control

{no mentien of closure) {if chosure might result)

Yes Mo pon’t Know Yey tio Don 't Know
Hearing 58% 34t 0% 1% az% 11
Brgre a4 7 E e kras &% it
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Table 2

Correlation With Risk Tolerance

Item Pearson r*
Harmful effects vs benefits of smelter .863
Do you think the smelter is a health hazard .B18
“Real risks" (in 5's judgement) are

higher or lower than EPA estimates .807
“Personal immunity to cancer caused by ASARCO emissions 525
Yoluntarfnes of exposure to ASARCO emissions .470
Should standards be based on affordability 454
Personal immunity to general environmentailly

caused cancer .387
Agencies should not wait for certainty

before acting to reduce risks .386
Costs versus benefits of pollution controls in general 374

*A11 correlations presented are significant at less than
the 001 level.

benefits of the smelter provided the best predictor of tolerance for the
smelter risks. As one would expect, those who rated the benefits as
greater than the risks were more willing to tolerate the existing risk
levels, while those who viewed the risks as greater than the benefits were
mere likely to demand further risk reductions.

Just behind cost-benefit judgments, tolerance for the smelter risks
is most closely related to three items associated with subjects'
"informal® risk judgments. The first of these asked for subjects’
impressions of whether or not the smelter is a "health hazard.” The
second reflects subjects comparisons of their personal estimates of the
smelter risks with the formal EPA risk estimates, The third item tapped
the process of perscnal risk denial.

For present purposes, the most interesting element of all three items
as well as the risk benefit item just examined is that they show informal
risk estimates to be perhaps the key variable in shaping risk tolerance.

Lest this conclusion sound self reflexive, it is important to realize
that in the ASARCO case, as in most “real world" risk management
situations, people evidently do not experience the question as that of
tolerating one level of clearly specified statistical risk versus another
higher or lower statistical risk. Instead, they ask themseives what they
think the existing risk is from a speeific hazard and if they will
toierate the risk or would like it lowered. Thus, peoples' infermal
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judgments of a risk will naturally have a profound impact on their
tolerance for that risk "as they estimate it."

Because informal risk estimates are shown to have such an important
influence on risk tolerance, it is appropriate at this peint to consider
the relationship between informal estimates, tolerance, and factual
knowledge of formal estimates and regulations., Table 3 presents the
response percentages for two guestions demanding factual knoWwledge. Tre
first asked respondents to give che EPA's estimate of the lifetime risk of
arsenic-causing lung cancer among the 1000 people living nearest the
estimate was actually 2, but answers ranging from 1 £o 5 were scored as
correet. The second item asked respondents simply to indlcate whether or
not proposed regulations would establish an ambient air standard for
arsenic.

Examining this Table, the first tning %e note is that in spite of the
extraordinary efforts the EPA made to inform the public, and
notwithstanding the fact that the purpcse of the hearings was to abtain
public comment on the risk estimates and proposed regulations, barely haif
of the respondents demonstrated accurate knowledge of the risk estimate,
wnile less than forty percent were knowledgable about a key element of the
proposed regulations, The corresponding figures from the telephone survey
are not shown in Table 3, but they revea. :tihe vast majority of the public
to nave oeen virtuaily ignorant of the factual information. Only 9% of
the telephone survey respondents provided a risk estimate within the range
scored as correct, while only 12% correctly indicated that the proposed
regulations would not establish an ambient air standard.

In the case of the telephone survey results 1t is immediately
apparert that factual information probabiy exerted little Influence on
pecpiz's attitudes toward the smelter risks, If searcely anyone in the
general public knew what the formal risk estimates were, those estimates
could not have been an impartant factor in shaping their informal risk
estimates or tolerance decisicns. The situation is somewhat different For

Table 3

Results of ractuai Knowledge Questions
for Hearing Respondents

Risk Estimate Question Regulation Question
Correct Incorrect{l} Correct Incorrect
Less Risk Tojerant 621 38% 47% 53%
More Risk Tolerant 41% 593 263 748
Overall Percentage 521 482 373 63%
1. Percentages cited as incorrect include those who gave incorrect anwers
as well as those who did not answer or selected the lon't Know response

option.

2. Chi square analyses reveal the differences between MT and LT groups to
be significant at less than the ,001 level for both questions.
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respondents at the hearings, but the conclusion is similar.

Looking again at Table 3, it can be seen that the percentage of
knowledzahle respondents is significantly higher among Less Tolerant than
among More Tolerant respondents. Yet simply noting that greater
percentages of one group were knowledgeable than another does not indicate
whether factual information or lack of it was a key factor in shaping
tolerance. A better insight into this question is gained from strength
association measures when knowledge items are compared with the risk
tolerance item. In this case the association between knowledge and
tolerance is not found to be strong. The squared correlation coefficient
between the tolerance and formal risk estimate item was .04, while another
measure of association, Asymmetric Lamda, with tolerance dependent on
knowiedge of the risk estimate was only .125. Thus, knowledge of the
factual information was not found to be closely related to or highly
predicative of risk toleranee, and it seems improbable that such
information had a large effect on shaping the opinions of most
respondents.

Considering the time, energy, and money that were devoted to
estaplishing and publiclzing the risk estimates amd proposed regulations
in the ASARCO case, policy makers may find it disheartening to discover
that such information played at most a relatively small role in shaping
public reactions. The next questions that need to be asked then are: Why
was the information about formal risk estimates not more important? and,
IF formal risk estimates and regulatery information do not influence
public reactions te risk what does?

To account for the non-effects of factual infarmation it is possible
to identify three contributing factors which became apparent during the
course of the present study. These are, first, a general lack of
knowledge of the factual information, second, difficulties the public
faces in trying to make sense of whatever information was known, and
third, the influence of non-informational charaeteristics on shaping
reactions to factual information.

Tha first reason for information's lack of impact has already been
mentioned, that is, information cannot influence peaple's decisions unleas
it is known, and most people know very little about formal risk
estimates. Confronted by -his finding it would be possible, but
unfortunate, to simply write it off as evidence of ignorance or apathy on
the part of the public. A preferable response is to ask what factors
contribute to the apparent lack of knowledge.

For example, it may be thit in cases such as this people consciously
or unconsciously choose not to becoms informed lest information threaten
their established beliefs and raise the possibility that they might feel a
need to change their gpinions or, more threatening still, change such
important parts of their lives as where they live or work. If this is the
case, apathy and ignorance are not at the root of the probklem; fear of
change, uncertainty or responsibility are. 4n alternative possibility is
that people want to be informed, but the selected means of informing the
public were not appropriate to the task. This would be analogous to a
marketing problem with the formal information as the product {see Earle
and Cretkovich, 1984},

Turning from the problem of not having information to the closely
related problem of not understanding informaticn, the present study
indicates that an important contributor to the non-effects of information
is the fact that normal people do not know what to make of the language
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and numbers of formal risk analysis. While professional selentists and
administrators become accustomed to the principles, statistics, and
language of risk analysis, to most pecple such things are meaningless at
pest and frustratingly confusing at worst. This was revealed in the
ASARCO case through responses to open ended questions asking Wwnat could ve
done to better {nform the public. Comments such as "Cut out the
Jargon!!", were frequently scribbled angrily in the space provided below
this question. Otnher evidence that formai risk estimates are 2part fren
normal publie thinking comes from responses ta telephone survey regquests
“to indleate the EPA risk estimates. In response to this question it was
not uncommon for people to offer comments such as "Ch, I don't think the
risk is very high, Maybe only about 10 or 15% of the people will get
cancer because of the smelter." It is obvicus to members of the risk
analysis community that such informal risk estimates are several orders of
magnitude greater than the levels whiech are debated as acceptable bases
for policies, but the fact that some members of the general public are
able to view such extreme risks as "not very high" reveals Just how allen
risk analysis and the magnitude of the probabilities it involves are.

The final process to be discussed here concerns how people who do
wnow the formal risk estimates interpret those estimates and make their
tolerance decisions in relation to them. This process reflects the other
side of the coin of information's non-effects. Much as information cannot
affect people's reactions unless it is known, when people are equally
knowledgable of formal risk estimates, but still react differently to the
risks, the risk estimate information alone cannot be the key variable
shaping the different reactions.

fne of the ways this {s demonstrated is in the linding that although
anly 52% of the hearing respondents knew the correes figure for thne EP&'s
risk estimate, 96% of the respondents offered an opinion about the
accuracy of that estimate, and only 22% considered it to be roughly
correst. Thus, whether they knew what the formal estimate was or not,
most people were willing to offer an opinion about its accuracy, and eved
among knowledgeable respondents, only a small minerity considered the
formal estimates to be correct. In suech circumstances it is not
surprising that knowledge of the formal estimates had little effect on
risk tolerance. Instead, it appears that other factors, such as
respondents’ attitudes toward health, Jebs, industry, the environment,
ethics, the EPA, and perhaps te statistics themselves, shaped noth how
they made infermal judgments of the risks and how they reacted to
information about the formal risk estimates.

LABORATORY STUDY

Results from the fleld study deseribed above indicate that, in the
ASARCO case, scientific hazard information had little effect on pubiic
Judgment and tolerance of health risks. In this section of our report we
describe a laboratery study that was designea In part to idencify facters
that may centribute to increasing the impact af sglentific and other
hazard information on public risk judgments and on risk mitigating and
reducing behaviors.

Method
The aim of cur research procedures was to simulate in a controlled
setting the essential elements of public risk judgment processes. One

central element of risk judgment is that it is a dynamic process. That I3,
an individual's risk judgment at a particular point in time [s the result
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of preceding events, particularly experience with the hazard In question
and the processing of information about that hazard. Also, subsequent
avents and informatlon may modify an individual's judgment of risk. In
order to capture the dynamic character of risk Judgment processes, a
longitudinal research design must be used. A panel design was used Iin
this study, with the same group of 132 subjects providing data at three
points in time. This type of design faeilitates a causal analysis of the
relations among the variables measured, We can therefore identify whnich
factors, if any, lead to Inereases in risk judgments, for example, or
information seeking and risk mitigation activities.

One week separated the first wave of data cellecticn from the second
and the second from the third, The 132 subjects were recruited from the
subject pool of the Psychology Department of Western Washington
University. At the end of the first two data collection sessions,
information regardingz the two hazards under study {the ASARCO smelter and
the seismic hazard in Whatcom County, Washington, the location of WWU),
was made available on an optional basis to the subjects. The informaticn
consisted, for example, of reproductions of Tacoma News Tribune articles
on the ASBRCO case {detailing E€PA's role, ete.} and pamphlets describing
the local seismic hazard and how to deal with it. Subjects were
instructed that they were free to take or leave the information provided;
they were also free to seek out any other information they desired during
the weeks separating the data collection sessions.

In responding to the questionnaires, subjects were asked to roleplay
their responses to certain items. With regard to the Whatcom County
earthquake hazard, respondents were asked to "respond as an individual
{yourself) living in a single-family house located somewhere in the
general WWU area of Bellingham..." For the ASARCO hazard, subjects were
instructed to "respond as if you lived in an area of Tacoma that is
affected by the emissions from the ASARCO smelter. Aside from where you
live, all other aspects of your life would remain the same: You shauld
respond as you would if you lived in an area affected by ASARCO. .."
Measures designed to evaluate these simulation procedures indicated that
they were effective.

The contents of the questicnnaires were derived from our dynamic
model of risk judgment (Earle and Cvatkovich, 1983). In brief, this model
includes subject background variables (e.g. seientific training), risk
judgment variables {described belew), hazard information variables {e.g.
information seeking and information gontent) and risk mitigation variables
(e.g. what has or should be done to reduce the effects of the hazard).

The risk judgment variables were derived from the work of Fischhoff and
his colleagues {Fischhoff, Slovic and Lichtensiein, 1983; Fischhoff,
Watson and Hope, 1983) who make two basic points: 1) there is no single
definition of risk suitable for all problems (and this is true for both
scientists and the public); 2) the choice of definition in any individual
case is a political one, in the sense that it expresses someone's values
about the importance of different adverse effects.

Risk is thus multidimensional and variably defined both within and
among individuals. And, further, risk is just one of several factors
considered by individuals when making risk decisions. People don't
ordinarily judge abstract levels of risk. Instead, they engage in risk
decisions, choosing among several alternatives (among employment
opportunities, for example). Risk is only one among several possible
significant aspects of the alternatives. The other important aspects may
inelude costs and benefits, each of which is alse, of course, sub jectively
defined. Appliecation of this approach to a "real-life hazard” would
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require a preliminary determination of an aceeptable general structuring
of the risk decision for the particular hazard and group of respondents.

This laboratory study is the first use of these procedures.

process was simplified somewhat, therefore, through the provision of
general, pre-structured sets of judgments for the twe hazard cases.

To illustrate the item-generation process, an outline of the major

risk decision aspects is given in Table i,
acdapted to the two hazards.

This general structure was

the morbidity of workers were included; none were included for the

earthquake hazard.

Table 4

Aside from such necessary differences, the items
referring to the ASARCO hazards were the same as those referring to the

Risk Decision Aspects Used in Item Generation

Risk

Mortality
Self
Others

General Public

Workers

Future generations

Morbidity
Self

Others

General Public

Workers

Future generations

Knowledge of hazard
Self

Science and government

Dread of hazard
Self
Others

Benefits

Economic
Self
Others
Non-economic
Self
Others

Costs

Property damage
Income toss

Environmental effects

Plants and anfmals
Non-11ving envircnment

The research

With ASARCO, for example, items referring to
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Table 5

Risk Decision Variables Included in Analysis

Endogenous variabies

Risk
ASARCO Mortality/morbidity: Self
Mortality/morbidity: Other
Earthquake Mortality/morbidity: Al
Benefits
ASARCO Benefits: All
Earthquake Benefits: Economic
Senef{ts: Non-economic

Information seeking

{Same for both hazards)

Risk mitigation/reduction

(Same for both hazards)

Expgencus variables

Scientific background

Attitude toward science/technology

Attitude toward government

Concern in hazard information

seismic hazard, Examples of the ASARCO items are: "How likely is it that
some employee of ASARCO will die as a result of emissions from the
smelter?" (Risk-mortality-others-workers.) Answered on a five-pocint scale
ranging from Very Unlikely to Very Likely); "To what extent do you gain
economically by living in an area exposed to emissiens from the ASARCO
smeiter?" {Benefit-economic-self. Answered on a five-point scale ranging
from No Economic Gain to Great Economie Gain.),

Results and Discussicn

Results on a selected subset of variables are reported here, with
focus on the effects of hazard information on risk judgments and risk
mitigation activities. The variables analyzed are listed in Table 5.
These variables were derived form the original questionnaire items through
a factor analysis data reduction procedure. Al1 of the questionnaire
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items relating to risk, for example, were factor-analyzed to determine the
rumber and make-up of the risk dimensions generated by the respondents.
With respect to the ASARCO case, four factors were generated:
mortality/morbidity: self; mortality/morbidity: other; knowledge of the
hazard; and dread of the hazard. (Note that only the first two of these
factors are included in the present analyses)}. In the case of the
earthquake, only three factors emerged due to subfects distinguishing less
between themselves and others on mertality/merbidity than they did with
the ASARCO hazard. A similar situation accurred with the benefit items.
For ASARCO, subjects related all of the items to a single benefits
dimension while dividing benefits into economic and non-economic For the
earthquake, These simple results demonstrate the important basic idea
that different types of hazards may be elassifisd or otherwise dea.t with
cognitively in significantly different ways. Knowing how particular
individuals classify specific hazards may point the way to improved hazard
communication.

The variables in Table 5 are divided into endogenous and exogenous.
The endogenous variables are the "dependent varizbles" in our structural
equation models of the risk judgment process. The exogenous variaoles are
the "independent variables." since our models cover three time pericds,
an endogenous variable that is "dependent" in Wave I will be a prediectar
variable for later endegenous variables. An endogencus variable can aiso
be both dependent and a predictor, In addition to the risk ang benefit
varlab.es, the endogencus variables for the present analysis also include
information seeking {a measure of the time and effort spent obtaining
information about the hazard) and risk miti{gaticn/reduction (a weasure of
the number of steps subjeets say they or the government have taken plus
the number of steps subjects say they or the government should take).

Four exogenous variables are [ncluded in this analysis: scientifie
pbackground (a measure of the science courses completed in high school and
college); attitude toward seience and technology (a high score on this
variable indicates a negative attitude); attitude toward government (a
high score indicates a negative attitude); and concern in hazard
infermation (a measure of the level of concern experienced by a subject as
the resuit of processing information about the hazard). This last
exogenous variable, concern, is a key variable in our analyses since it
sums up the emotlenal impact on subjects of the information they have
sought cut and used. Estimates of the relations between this variable and
the other variables in the model provide an indicaticn of some of the
effects of hazard information on hazard-related judgments and behaviers.

The relations among the variables in our models were estimated using
the LISREL procedure developed by Joreskog and Sorbom (1981). The
parameter estimates for our meodel of the ASARRCO casé are given in Table
6. The endogencus variable names are coded in this way: MMO =
mortality/morbidity: other; MMS = mortality/morbidity: self; BEN =
benefits: MIT = risk mitigation/reduction activities; and INFO =
infermation seeking. The exogenous codes are: SCI - scientifice
background; STA = attitude toward science and technology: GOVA = attitude
toward government; and CON = concern in hazard informatien, The parameter
estimates for cur model of the earthguake case are given in Table 7. The
endogencus codes are: MMA - mortality/morbidity: all; EBEN = economie
benefits; and NBEN - non-economic benefita. The remaining codes are the
same a3 in the ASARCO model. In both models, the numerieal suffixes
indicate the wave on which the variable was measured.

Many points of comparison can Se made between the ASARCO model and
the earthquake model. It can be noted, for example, that the background
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variables (SCI, STA and GOVA) were important predictors cf
mortality/morbidity judgments in the ASARCO case but not in the earthquake
case. In the ASARCO model, subjects with stromger scientific backgrounds
and positive attitudes toward science/technology and government tended ta
give lower judgments of mortality/morbidity. These individuals apparently
believed that the ASARCO hazard could be well managed by government
officials, and their scientific training contributed to their faith in
that management. The earthquake, on the other hand, was apparently seen
as an "unmanageable" hazard, with judgments of mortality/morbidity
independent of the activities of technologists and government officials.
While such substantive findings in comparisons between the two models are
intriguing and suggestive, they will not be pursued in this report, OQur
focus here is primarily methodological, with the aim being to demonstrate
a method by which the effects of hazard information can be studied,

One method of demonstrating the effects of hazard information in
these risk ludgment models is o compare a model that includes estimates
of the parameters associated with the information variables with a model
that sets those parameters equal tao zero. For the ASARCO case, this
comparisen can be seen in Table £ in the two columns of R°s, oane far a
model with hazard information (ths variables INFO and CON) and one for a
model without. The decrease in R® as the result of lnformation removaﬁ
demonstrates its effects. See, for example, MIT1 which goes from an R® of
0.19 to 0.00. Similar comparisons can be made in Table 7 for the
earthquake case. Removal of hazard information effects fr05 the earthquake
model, however, results in relatively small decreases in Rs, It can be
concluded, then, that hazarc Information had significant effects in the
ASARCO case but not in the earthguake case.

The comparison of R%s between models is not a very clear way of
demonstrating information effects because the effects become hidden in the
changes in the variables over time, A more dramatic demonstraticn
involves the calculation of the total effects of information content on
each of the endogenous variables over time, These total effects are given
in the final columns of Tables 6 and 7. There are two key sets of
comparisons here. The first is on the MIT variables: For ASARCO, concern
had significant effects on mitigation activities; conecern had no effect on
MIT for the earthguake. (Interestingly, benefit judgments predict MIT for
the earthquake.) The second set of key comparisons s an the INFO
variables: [n both cases, information seeking was strongly affected by
soncern in hazard information. It seems, therefore, that concern about a
hazard will lead to the seeking and use of hazard information, and the
concern generated by that information will tend to lead to risk
mitigation/reduction activities when the hazard is considered te be
manageable.

SUMMARY AND CONCLUSIONS

Two studies of the effects of hazard information on risk Judgments
have been described. The First was a field study of the ASARCO smelter
case in Tacoma which demonstrated that formal EPA risk estimates had
little effect on the risk judgments or tolerances of persons living in the
affected area. The second study was a laboratory study that demonstrated
a method for the studying of hazard information effects over time. By
comparing the risk judgment models faor the ASARCO and earthquake hazards,
it was shown that hazard information can have strong effects on hazard-
related judgments and behavior.
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The question, then, is why there were no information effects in the
field study while there were large effects in the laboratory study. There
no doubt are many reasons for this, including aspects of methodology,
ete. We wish to emphasize another set of factors, however. These factors
are developed elsewhere {Earle, 1984) and present a useful guide to
effective hazard communication. In brief, hazard information will affect
hazard-related judgments and behavior when: a) individuals are involved
(interested) in the hazard; b) they are motivated (i.e. concerned} to
process information; and d) the information available meets their

Figure 1

A Conceptual Framework for Integrated Risk Management at the Local Level

( h

INPPUTS

prinsememesn 14

RISK SITUATION, LAWS & POLICIES
TECHNICAL CONTEXT
COMMUNITY CONTEXT

INTERVENOR LOCAL

EXPERTISE EXPERIENCE
ATTITUDES ATTITUDES
BELIEFS BELIEFS
YALUES YALUES

RISE MANAGEMENT PROTESS

INTERACTIVE
ITERATIVE
LAYERED IN TIME
PARTICIPANT OVERLAP

\, W,
( INTERMEDIATE OUTCCRMEIS )

b
LONGE RAMNGE OUTCOMES
S—— RESOLUTION

PREVENTION
RESPONSE CAPABILITY

individual needs (i.e. there are large individual differences and
customized information is necessary)., With respect to the field study, we
know that the persons at the public hearings were involved and

motivated. It would seem, therefore, that the formal EPA risk estimates
failed to affect the publie because of information processing
difficulties: How is a person In Tacoma to integrate such a feormal
estimate into hershis risk decision processes?
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In noting the "non-effects™ of the formal EPA risk estimates, it must

be emphasized that we are nat claiming that all EPA risk management
activities had no signifilcant effects on publie risk judgment in the
ASARCO case. Results from the laboratory study suggest that government
risk management activities outside the realm of formal risk estimates can
have strong effects on public risk judgment. These "informal® risk
management activities affect publiec confidence in the govermment's ability
to manage, and this confidence may, in the long run, be more significant
for publiec risk Judgment than formal estimates of risk.
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RISK ASSESSMENT ANC RISK MANAGEMENT: 4 SURVEY OF GRECZMI' MODELS
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The raticnal management of health and envirornmental risks ideally
requires a weil defined structured approach in order that risk may be
dealt with 1h & complete and equitable fashian. In this paper, formal
mode.s of the process of risk assessment and risk management which have
peen proposed in the lltepature in recent years are reviewed. Common
elements amongst these models are identified, and the petential impact of
theae approaches on prackical decision making is ezamined.

KEY WORDS: Plsk Asazeasment, Risk Management, Hazard Identification, Risk
Egtimation, Risk Evaluation,

INTRGOCCTION

In recent yearsz, growing puhlic awarenegs hss led to lncreasad
concern cover potential risks to human health ang the erwvironment,
Centroversy surrounding health risk has often been Zusled by aensational
media reporta concerning the pending dangers of adverse lifestyles, food
additives, drugs, pesticides, and contaainanta in air, water, and the
general €nviranment,

The selection of envirommenktel hazards for government attencian has
often been handled in an ag bee rfashion in the past, usually in & reactive
manner rather than as part of a carefully planned strategy. [asues which
attract the public's interest have often been the focus of aocietal
resources, at the exprnae of more serioua but less popular problems.

Despite the pressures on regulatory agenci=sz to respond to extermal
‘nitistives and shifting priorities, saveral factors indicate the reed for
3 more pragmatic approach to the management of health risks. These
include the desirability of balancing risks and benefits acrass =ociety in
an acceptable way and the need to consider sociatal pricritles other than
human health. The reed Far an opderly and systematic approach to risk
managemant i3 further supported by the eilstence of reagurce constraints,
which prevent maximum control of all risks.

& number of formal models far risk assesament and risk management
wavie bheen proposed In recent yearz. These models are of greab waiug in
zlarifying the main elements of risk assesament and risk management, and
have served to establisk a well defined Framework within whish risk may be
addregsed.

In sectien 2 of this article, we discuss the different medels which
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have been proposed in the literature. These models are then compared and
a pumber of common elements identified {section 3). We concluge with a
vrief discussion of the key components of the models and their role in
understanding and improving the averall process aof risk assessment ang
risk management [section 4),

BISK ASSESSMENT AND RISK MANAGEMENT

Splentific Committee on Problems of the Envirorment (SCOFE)

The First farmal model of the risk assessment and management process
appesrs Lo have been formulated by SCOFE (Whyte & Burtor, 1980} . They
outlined a three stage risk assessment process consisting of rlsk
identification, risk estimaticn and risk evaluation. The flrst step
invelves recegnizing that a hazard exists. A quantitative gstimate of the
magnitude of tha associated risk is then prepared by scientifically
determining [t3 characteristics. This is followed by an evaluation of the
significance and acceptability of risk probabllities and consequencea.
Following risk sssessment, seme degigion regarding whether or not to
intervene takes place. This i3 informally termed "risk management."

National Fgsearcn Council {1983).

Tha NRC (1983) model consists of two stages: risk assessment, ana
risk management. Rizk assessment refers to the use of a factual base Lo
define the health effects of expasure of lndividuals or peopulations ta
hazaraous materiala or situations. The information obtained at this stage
may be used to set priorities for regulation and for further toxicity
tegting. Hisk management consists of the development of and zelaction
reguiatory cptions,

kisk assessment Ls subdivided into four components: hazard
{dentification, dose respocnse assessment, exposure asseéssment, and rigk
characterization. Hazard identification is the determinatlon of a cause-
effect relationship betiwssr. a particular chemical and a declina Lr health
status uaing epidemiological atudies of human populations, animal bicasszay
data, mutageniciby :teésts, and examination of meiegular atructure. Dose
response gssessment invoives examination of the relaticn of the magnitude
of expasure and probability of oceurpence of the health effects Ln
question using extrapolation methods for high to low doses and for animals
to humans as the prlmary research toals. Exposure azsessment Lnvolves
study of the extant of human exposure before or after appllcation of
regulatory oontrols. Risk characterization incluges hazard
identification, dose response assessmént and exposure aggassment, and
invalves a description of the nature and magnitude of human risk,
Ineleding attendant uncertainty.

At the risk management stage, regulatory options are developed and
evaluated, Selection of a particular regulatory option inmvaolves
consideration of the public health, econcmic, seeial, and pelitical
consequences of implementatipn. Other factors of signiflicance include the
technical feasibility of the proposed solution, desired Zevei af centrol,
ability to enforee regulations, uncertainty in sclentific data and the
corresponding inferential hridges used to f1ll gaps in knowledes, and the
public perception and level of information,

The :mplemectaticn of one Specific courae of action requires
efficient rescurce utilization, and should be accompanied hy communicableh
to affected parties regarding the rellability of the information used to
make the deecision, trade-offs, the values applied, and the relation of
these factors in arriving at a specifie poliey.
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The NRC made) was subgeguently adopted by the Jnited Sbakes
Envircnmental Protecktion agency (1984} with no significant structural or
det'initivnal changes.

The Royal Society

The Rayal %ociety mode] {Royal Soeiety Study Group, "9L3) Is composea
of only twp stages:; riSk assessment and risk management. The tormer is
furtner subdivided inte risk estimation and risk evaluation.

Rigk agsessment is the general term used by the Royal Saciety to
describe the study of decialgna having uncertain consequences. FRisk
estimation refers to identification and estimation of the probadility ane
magnitude of the conzequences of a hazardous event, Risk evaiuatlon Is
the complex process of determining the significance cr value of' the
identified hazards and #stimated risks to those congerned with or affected
by che propesed decizion. Embedded within this stage are the interrelated
processes of deveioping alternative courses of action and cecisien
analysis. These component® take inko consideration public awarerness and
perception, the scceptabiliky of risk, and the analysis of risks, ccsts.
and benefits. These latter fFecters [ncluge ponsideration of the level of
justifiable risk, economic and technical Ffeasibility, and resource
requirements.

Based on this evaluatlon of risk, risk manhagement is the making of
decisions concerning risks apd their subsequent implementation. Decisian
making itself involves consuliationa between industry, governmert, zhe
publi¢, and other apecial interest groups affected by the deeisiorn.
‘mplementation of a de¢ision, its monitoring, esvaluatlon, and revision,
are considered integral part of the pracess.

Intgrdeparktmental Committee on Toxie Chemicals {ICTC)

The ICTC model developed by tne Interdepartmental Working Grodp on
Toxic Chemicals (198Y4) represents an elaboration of the SCOPE model, The
first step in the process Is hazard identification baged on ease raports,
gpidemialogical studles of human populatiorns, and toxicologinoal
experiments conducted in the laboratory. Anciner potential approgch for
the ldentificatfon of chemimal risks is a comparison of molecular
structure and biological activity with that of known toxicants.

The next step is t& obtain an estimate of the magnisude of the risk
in question, This invelwes the statistical analyeis of epidemiolegical
and toxicological data to determine the level of risk assaclated with
gpecific hazards and to establish acceptacle criteria fur s¥pasure o
environmental hazards. This process g subject to considerable
uneertainty and may require steong assumptions, as in the conversion of
animal pesults to the human situation.

The First step towards selecting a sktrategy for deallng Wwith a given
gnvironmental risk is the development of a number of alternative courses
of action, A4vailable options can range from adviscry Lo economic to
strict regulatory control, In order to ensure a ceonzistent approagn to
risk management, the set of sptions =melected for further evaluatior should
be compatible with existing emvironmental health program objectives and
remain cognizant of any overall risk management pplicy guidelines.

The declslen as to the most appropriate course of acklon cepends on 2
host of Fapkors, ineluding a balaneing of health risks against health
wenefits in some cases. Consideration may also be given To the public's
poreeption of risk, which may not always correspond to the agtual risk
determined by objective anaiysis. The techrical feasidblity of 2ach



proposed course of action should be demonstrated, including the ability to
enforce any proposed regulations. Economic effects are often important in
evaluating alternatives, both in terms of program-related cests ang the
impact on productive output., 3Socio-political factors invelving equity
considerations and repercussions at the international level shouid not be
overlooked.

Implementation of the selected risk management strategy will usually
require some commitment of rescurces and should be accompanied by attempts
to communicate the nature of the chosen contral mechanism to all affected
parties. Once the control mechanism is in place, continued menitoring is
recommended. Continual evaluation and review of new health risk
information may suggest modification to the risk management strategy
currently in place.

World Health QOrganization {WHO)

The WHO {1985} considered a four stage process comprised of hazard
identification, risk estimation, risk evaluation, and risk management.
The process as a whole (s influenced by a number of participating bodies
ineluding scientists, industry, special interest groups, the publie,
media, and politicians.

Hazard identification requires the cellection of chemiecal,
toxicological, ecotoxicological, clinical and epidemioclogical data. In
addition, extrapolations from animal to man and from high dose/short time
to low dose/leng time may be required to evaluate the heaith effects.
Toxieity and exposure information are obtained at this first stage.

Risk estimation characterizes the extent of harm and the probability
of its cccurrence. This stage utilizes the information gained in hazard
identification, and exposure information, to predict the severity, extent,
and distribution of the increased incidence of disease, disability, or
defects caused by exposure to a hazard.

The risk evaluation stage involves camparative analysis between the
risk in question and accepted risks, veluntary risks, and other risks, as
well as examination of the acceptability of the risk in question. The
latter process involves consideration of politieal factors, public
perception, and industrial and public liability.

The risk management stage consists of decision making with a view to
reducing or eliminating the risk in question. Decision making must take
inte account cultural, socio-economic, and political factors, and the type
and nature of the rigk in question. The possibility of reducing or
eliminating the risk through control measures, technology changes,
pravention or reduction of expgsure, and preduct substitution must be
considered in terms of feasibility, costs/benefits and magnitude and
distribution. The deeisions resulting from such analysis form the basis
for regulatory action,

Other models

Various individuals and regional organizations have also proposed
medels for risk assessment and risk management. Baram's (1981} framework
consists of six steps: hazard identification, risk measurement, risk
management options selection, economic and technical feasibility analysis,
ordering of risk management initiatives, and deployment of risk management

options.

Lave's (1982) model contains eight stages: hazard identification,

402



risk assessment, identification of regulatory alternatives, decision
analysis, regulatory decision, legal or political challenge, implemen-
tation, and monitoring. This model closely resembles that adepted by the
ICTC.

Rodrieks & Tardiff (1984} consider only two broad stages: risk
assessment and risk managemert. Tre former is subdivideu inle tnree
phases! hazard ldentiflcation and gvaluation, dose rasporse evaluation,
and identification of conditions of exposure. The latter stage also
consists of three phases: examination of alternative courses of action,
decision analysis, and implementation.

The model developed by the Ontario Advisory Council on Occupational
Yealth and Occupational Safety (1984} ia divided into four stages: hazard
igentification, risk estimation, risk evaiuation (development of
alternative actions, and decision analysis), and risk management
(implementation}.

Shrader-Frechette's (1985) framework includes three stages: risk
identification, risk estimation, and risk evaluation. Although the
rramework lacks a risk management stage, its three stages closely parallel
those of the SCOPE model.

COMPARISON OF MODELS

The models for risk assessment and risk management presented in
section 2 follow the general framework devised by Whyte & Burton (1980),
although the degree of similarity and level cof detail presented in each of
tne moiels varigs. n addition to delineating the steps comprising the
risk assessment and risk management process, each model distinguishes
petween the scientific and extrascientific components of the overall
process. A comparison aof the major models examined in section 2, using
the general framework established by Whyte & Burton is provided in Figure
1.

With the exception of the Royal Seciety model, eagh of these models
expiicitly designates hazard identi{fleation as the initial step. The
NRC/EPA model emphasizes the yse of seientific research as the basic tool
for identifying risks. Several models correctly refer to this initial
phase as hazard identification rather than risk identification since the
probability of an adverse effect occurring is generally not calculated at
this stage. In current usage, the term hazard is used to describe the
aature of the adverse effact, whereas risk invelves bath hazard and the
orovasility of its cccurraence (Kaplan & Carr:ick, 13813,

With the exception of the Royal Society mocel, there aiso appears to
be general agreement that hazard identification should be followed by risk
estimation. {The Royal Society includes both hazard identification and
risk estimation in their definition of risk estimaticn, but does not
clearly identify these as distinect sequential steps.) In the NRC/EPA
framework the term risk characterization is eflectively ecuivalent to risx
escimacion.

411 modeis cite the use of toxicological and epidemiological data as
the primary sources of information for health hazard identification and
risk estimation {Office of Technology Assessment, 1981). In the case of
chemical hazards, structure/activity analysis may also be used.

is with the original SCOPE model, all models then proceed to some
form of risk evaluation. At this stage, scientific method is subsumed by
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(dotted line indicatas division between risk assesdment
and risk management)

public palicy considerations. The subsequent models are generally
describeq in mere detail than is the secpe model, and with the exceptlion
of the Royai 3ociaty model, differentipte hebtween fdentifying
alternatives, and the decision analysis tpols used to choose amongst
them, flternative options may be af an advisory, economie cr rogilatory
mature, and many factors need toc be conaidered in selecting a areferred
macagement strategy. These Lheluda the use of formal ecomomic tools for
program evaluation (Torrance & Krewski, 1985), tempéred by the public's
perception of the ri=k Inwolved as well as prevaillng socio-politiecal
factors, Again, a;thﬁugn not highlighted as disTinetb cemponents, simllar
consideratlons are inciuded within the Royal Secizty's risk management
phase.

The flta. stage, informally termed risk management in the SCOPE
model, involves the implementation of the control strategy selected. Each
of the mocels, except the NRC/EPA, and WHO mocels, [ stresses the need far
risk monitering and feliow-up, With a view Lo modifying the risk
masiagement strategy currently in pleRge should this be considered in
agpropriate, All models, exespt the SCOPE model algzo strass the
impottance of communication ak the implementation stage ao that arfected
parties are properiy informed as to both the risks and risk management
strategy adopted.
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{me point which remaina obscure 1a the locatien of the division
pecwWeen rigsk assessment and risk management. The eriginal 3COPE medel
geems to consider risk assessment aa encompassing both the scientifie
enterprizes of hazard Ldentificaticn and rigk estimation as well as kthe
more pellticized function of risk evaluation. In this madel, the term
risk management is thus reservec for the final implzmentation anz follow-
up stage. This point of view is also adopted in the Royal Society, ICTC
apd WHOD models, The NRC/EPA, on the other nand, define risk assessment as
consisting only of hazard ldentifipation and risk estlmaticn.

Taking inte account differences in termineiogy, ail medels
essentially agree om the diviszion of the sefentific and scclal aspects of
the rlsk asgessment and risk managemant process. Hazard identlfication
and risk estimation are clearly in the scientific realm, whereas risk
evaluation and risk managsment fall within the domain of seelal
degisionmaking. Thus, tha respansibility for risk analysis rests largely
with She seientific communiby, whereas those responsible far the
esktabliskment and implementation of risk manegemsnt decisions play che
ieading roie in extrascientific matters {Ruckelshaus, 1983},

Althaugh there is gemeral agreement that the risk assessment/
management frameworl can be divided into seientific anc polioy concerns,
pavis (1983) maintains that both science and values play a role in risk
assessment and that the steps in the risk coptrol proceas are more
irreractive than sequential, During the risk assessment process, znaiysts
may overlook hazards, deem them unimportant, or ignore them because they
ara difficult to asgess. Dmeisions are often influenced by judgments ar
policy due to gaps in selentific information,

CONGLUSTONS

In thig article, we have reviewed the malor noZels for the risk
asgessment anc risk management proces3. All of thess models reflect wne
basic elements of ariginal SCOPE model (risk identifieatlien, risk
estimation, risk evaluation, and risk management) as described >y Whyte &
Gurten {1580). Subseguent medels more caorrsetly refer to the initial step
as hazard rather than risy identification, reflecting the faet that risk
esgimation requires a quantitative rather than qualitative description of
adverse kealth effects.

flibough atl modals involve zeientific and public poliey
considerations, the only model which equates these two dimensions with
snpse of risk assesshment and risk mapagement 1s that of the NRC/CPA.  In
the remaining models, the spoial evaluation is included in the risx
agmessment phaze, leaving only the implementation of the chosen cortrol
strategies to the risk management phasge.

The application of the models of risk assessment and risk management
discussed here, to practieal decision making Situations should facilitate
identifieation and elariFicatiocn af the many important conslderabions in
the cotplex procass of risk assessment and risk managerent. This is
particularly true of some of the more recent madels which desuribe the
component stepa in dekail, including the distinctive devslopment of a
range of viable risk mapagement options ang the criteria and tools to be
app.ied in cheosing among these options. Other considerations which may
atherwise be overlocked Inmclude the need for continual monitoring and
review a5 well as communication af informatioh on risks and risk decision
te all affected parties.
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