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ABSTRACT

Current frequenoy of chemical plant ineidents involving the public my
average one evary ten years for a fifty man department {one every millice
man hours,) Prior to Bhopal these resulted in from 1 to 400 complaints
per Locident with visits to a First aird station the most common reaccian,
What guides should now be applied to such exposures?

Self regualtion of loss exposures haa limitatiorns due to Igheorance,
poverty and self deception. Effective safety measures regquire both
minimum and maximum cpst levels oi Money. Synergism between small
exposures may require that each of us consider the implications of others
fellowing our safety guides anc lowers the ajlowable level of 1mpazed
risk.

KEEY WDOHDS: Bhopal. Negligible-risk. 3afe-enough, Stopping-ru.es,
Externalities, Synerglsm, acceptabie-risk-impos.tion.

OBJECTIVES OF THIS PAPER

The objectives of this paper are to 1nerease public understanding of
some prineciplea that have been useful in thne fiela of loss prevention with
nsured risks and With seif-Insured risks, and to suggest that self-
regulation of the chemical industry while necessary is in three (3}
partigular cases not sufficient to prevent smaterial and human loss.

PUBLIC UNDERSTANDING

PUBLIC UNDEESTANDING is pertinent -a amy d-scuss.orn of risk
analysis. Indeed, the words "public" and "understanding" each have
wmpiicationg for decision-making.

UNDERSTANDING is risk anaxysis 1s achieved when any concerned clbizen
would act with the same sense of urgengy or caution as the person who
glVes a warning o conveys relevant infermation. Of course. Chere can oe
disagresmerta about safety decisions--and [ will say more abaut that--bub
if there 1s UNDERSTANDING, both parties will appreciate why, how, or what
thoy are evaluating diffarently.

The other part of PUBLIC UNDERSTAKDING--the FUBLIZ-- ia too often



used in condescending manner. The public is the same person ¥5u Ze2 in
the mirror or acrass the breakfast table, It includes leglslators, State
or Federal regulators, medical and apademic opinior mskers, consumersz,
groducers, employees, retirees, and children, We all live on Spaceship
Earth.

MEGLIGIBLE RISK

Perhaps the easlsst point to make 1s that mero congentration, zera
exposure, and zero rizk do not exist. IERD may ke a skorthand term for
10-6, or even ong part per millior, but the only meaning te attack te a
remment thak there is "zero risk" is that the risk is negligible, toa
inconsequential to botker with, and simply not worth the cost of
meazuring.

Note that a negligible risk may still present a very small chance of
a very large leas., Croasing the street or standing on the sidewalk both
have such a risk from a car out of comtrsi. If the chance that the driver
af the anapming oar has lost contkpl is one in a thousand Lillien, and my
irjury is valued at onme miilion dollars, the resultant ezpected losz is
one tenth of a cernt. My werry about this problem with 1000 cars per hour
passing my corher may save a dollar's worth of expected loss but will
certainly drive me to an ipsanc asylum or cost me more than that in wasted
time, Frigh fromm’s obseryabionz on neuratic worry are jertinant. (See
highlighted box. !

AISK 4ND MEUERDGEIS

In the popular press, safety messages on risk-adverse and risk-
purpese usually are slanted teo praise the cautious individual. To even
the balance, the following guotes by the eminent psychoaralyst Erich Fromm
from an article in the New ¥Yzrk Times of 1t December 1§75 are
instructive:

"If someone will not touch a doorknab because he might cateh a
dangerous bacillua. We £all rhis person neuratic or his behaviour
irrational.

"Narmal thinking is based on the belief in a greater or lessor degree
of probability. Parancid-like thicking ls based on the assumptleon of a
logical pgpssibility and wants to have absolute cersainty that something
cald nat happen even in the most remete circumMStanCes.

#Tn individual life we khew the irrationality of people who strive
for absoiute gecurity.-people such as hypocheondriics whe spend most of
their enargy protecting thelr health, or overcautious people wha avoid zay
risk becausa it could interfere with their craving for absolute
security. "This oraving is irrational {1} because there iz no absolute
gecurity in life, {2) because onhce it is estgablished as the dominant goal
there iz no limit to the meass sought for te reach this goal, (3) bAcause
in the sgarch for this geal the person cripples himself and leses all
pleasure in living. I fact the chase after absolute zecurity is a
boomerang: It creates more inzecuriby than LG awveids.

"% goal af absolute security is equally damaging when it dominates
government pelicy. Eccnamiaally it impeverishes us, politically it
restricts freedam, psychologically it ecreates [ear anc apathy."



"Hegligible risk should be tolerated, and severe riak should be
reduced until the ayvoidable resigusl risk posts {loss-cost plus] r.sk-cost
plus present yalue of ongoing control-costs Imposed on others) are
negligible.” HNote unavoidable costs or risks are comparsec with the
bereflts af an activity in determining if the sctivity should be
yndertaksn at all but have na searing oh control costs 1Lf She werd
uanavoldable :5 correct,

Tt may be the case that the marginal reduction in the risk irposec
has been reduced to the marginal cost of the last safety action and the
totals are still above an acceptee regligible level. Any continued
prpendibure by the firm 1s in effeet valuing risk at a aigher level than
~he public and Fequiring them to pay this higher rate if they wish the
product. (Everyone must buy a station wagon to avold the compact car
risk.) It geems more beneficlal to publicize the risk questions involved
znd make both preducts available so the public may choase.

The key questilan rs not: Should the cost of correction limit the
actions taken? Rather, the key question is: What values or trade offs
are used to factpr in such 1ntangibles as. che maortance of livelihood
wo an employee, of a life to each of us, or of the freedom of the jungle
versug the security af the zoo!

Some will deny that a life can be valued; tus every safely decision
implies a hidden value, and it 13 better that it be In the oper than
hidden 1n a computer. Inm this century, the changes in socilesy's valJabtion
of a 1i1fe can be 1liustrated by the Workers Compenmation awards for a
death. These awards have risen 10% per year frem $1000 to a current
ma<imutr of about $1,000,000. This 15 about 50 times greater than the 20
feld 1ncrease in annual wages and 100 Limes the lneregse in ecost af
living. As Aaron Wildavsky says: “Richer 1s Safer.”’ or as I would say
Lt: "Paverty Compels Rlak Taking."

EFFECTIVE SaFETY EXPEMDITURES

The willingness of any community to spend thousanas of acllars o
rescue a child who has fallen 1nto a well is an anather example of
societal values. The 2imib in this case ls the number of warkers who can
he 2Ffective in the rescus, not the dollar eosz. In many Industrial
situabilons and government programs you will Pind that safety ciperditurs
1s limited by the lack of apportunzi.es for effeetive expenditure as muen,
ar as often, as oy lack of Financial resources ar ignorance, The key work
1 thls safety decizion theory 15 "effective,” 4 reoedy 13 effective when
“he reducktion in expected loss-cost is more than the expenditure.

Even if this 13 not She case, the remedy may still be supported by
some 1n arcer to shift wealth or to reduce thkeir burden gy changing the
price of chiz or that commodity or servigce. A remedy alsc may be a
marketing or political pLay bo appear to be taking 'desisive" zgbicn, one,
that might not be justiftable on the basis of risk alone.

Yaaron Wildavsky, “Hicher 15 Safer...," the Public Interest 60, 23-30
1980.



You will note thar greed orf lack of cmpathy 1s net ineluded as a
major cause of inadequate safety. The reasoning is that self-interest in
these litigious rimes makes 1T mere profitaple to prevent than to pay for
injury to others. The point jou must not forget is that the trial lawyers
assoclation and the courts, not Congress or the regulating agencies are
setting safety standards in today's society.

When a risk 1s zppreciable but no effective remedy is known there is
a need for further stidy. The hardest problems may require us to go back
to the beginning. There may be equally efficacious but less hazardous
alternative products or prasesses avallable, The gquestion of when to
replace exiating facilities or produet iineg must be conaidered at leasat
annually; and also upon any sigmificant change in information. The
latter, of course, includes loss nistory: btoth your own ana that of your
competitors, Une of the Few advantages of the growth of conglomerates is
that it is easier for them to make a deecision in favor of change.

HOW SAFE IS SAFE ENCUGHT

Two paragraphs on risk in the field of product liability from the
National Business Council for Conmmwer AfFfalrs are alse applicable to
environmental rise and to employee rizk:

"Risks of bedily narm are not unreasonable when consumers
understanc that risks exisk, can appraise their probability and
severity, knod aow to cope with them, and voluntarily accept them
to get benefits that could mot be obtalned 1n less risky ways.
Wnen there is a risk of this character, consumers have reascnable
apportunity o protost themselves; and public autherities chould
hesitate to substituts thele value judgments about the
desirabilicy of the risk for those of the consumers who choose to

incur it.

But preventable ri13k 13 not reagcnable (a) when epnsumers do not
know that Lt exiat; or {8} when though aware of 1t, consumerz are
unable to estimaze iks freguency and severity; or {¢) when
consumers c¢o not know how ta cope with it, and hence are likely
to incur harm unnecessarily; or {d) when risk 1s unnecessary 1in
that it could be reduced or eliminated at a cost in mency or 1in
the performance of the product that consumers would will§ngly
ineur 1f they knew the facts and were given the cholce."

And as Ralph Nader says: "The burden of proof rests on the party that

25ee George Terbergh, [ypamic Equipment Policy, MeGraw Hill 7949 and
Daniel Goldman, "Follow.ng the Leaaer," Science 85 (October): 18, 20.

3National Business Council for Consumer Affairs, Action_Guide Lines,
(dace?} p. 218.




inltiates the risk, tkekt peolika From the risk, and that has the greatest
pesources to do something about the risk."d

If the enterralities are going to be internalized ty the courts,
acif-regulation will tend to becoze autocmatic, Another faetor promoting
ae]f control {2 that intermal plant loea may be much greater than loss
outside the fence. The 19713 Three Mile island nuclear loss, for example,
affected the public only wia menta! uncertainty and travel costs. Yet the
cost to shareholders of muclear utiiicles nas run into the tens of
pillions. For nuclear as for many other risks, the cost to the imitiater
13 many times that to the public. T would argue that this market
incentive For self-regulation i3 more elficient, effestive, and reliahle
than governmental regulation.

Unfortunately ik dees not follow that one can do without the
latter. There are at least three broad ecatagories of clreumstances where
self regulation is wanting, OCme, the more easily corrected of the three
15 ignorance. If I the ehief executive do not know of the failings or
shorteemings in mafaty practiees af the plant thay may continue untll
disaster strikes. ©Or if I do not appreciate the risk and lack knowledge
of the long range effects of chemical (X) or of 1ts synergistic
combinatlons with the Life style of the neighborhood; I may condone the
storage of large quantities ete,

The second elass of oircumstancas where self regulation may fail are
characterized by Powerty. I have bought less than adeguate equipment, my
wage scale keeps only “he least cavabla workers or supervisors and profits
are so questionable that eontinued operation for any length of time is
doubtful, A false claim af inabi1liky to pay is always possible but
refusal to pay is more often based cn exaggerated cost estimates or
remedizs and mimmezation of beneflt gsklmates than on claims of
noverty. Hote that the claim awards and punative damage awards made such
cacties a very poar strategy.

The final case 1§ =~ Self Decentien. All parties invelved, managers,
supervisors and workers may know batter but there is a tacit agreement not
to rock the boat or ralge embarragaing guestions. [See Lhe disquaaion
pages 18 & 20 in the "ctober 1ssue off Soience B5 by Daniel Goldman)

The answers to ignorance, prowerty and self deception are ret found
at this conference hut cne can hope tnat a culture or climate which
fosters open dimcussion of rigka and requires a periodic assessment by the
rlak oreator of the hazapds and remenles avallable cab reduce the
shorteomings of seif regulatlon to that level where outsiders be they
government regulators, envirenmental groups or the insurers of the plant
car cope with the risks that are left.

SAFETY EXPENDITURES WETH CAPITAL BATIONING

Thi general rule 13 fhat a7y improvement where the expenditure s
less than the present valug &f the benefit by reduetion .n future losses
ought to be made. However, where Shere are multipie candidates which pass

LRalpn Nader, "Prafessional Hespansibillyvy Revisited," from the
Proceedings of the fonferecee an Scletce, Technology, and the Public
Interest held by the Ereokings Institution in Washingten, D.C., on 8
October 1973.



this sereen or where therp are inmufficient funds to undertake the deaired
action further guides are needed. One such guide .s a list of procedures
to be followed in khlLs less than perfeet world for employment,
environmental and nroduct nazards.

When evsr A MnoWn PLs¥, or ong which should be known, 13 imposed by A
on B the first act muat be dizelosure of all the faets known by A, The
second should be educabior of 2 so that an informed consent can be given,
to any agreed upon conbinuation. When, as i1n the reeent airline union
negotiations, there is urderstanding by the secoend party that continued
employment for enjoyment of some benefit) requires aceeptance of a wage
out (or of some other hasardd, ke or she will eleck that option with
the minimum risk or maximum benefit. However; the understanding must
result in a convictlon ssrong encugh to support the required action.

The major disagresments arise from the unwillingness of one side to
permit the other to make any conmcribution in the decision proecess. In
almost all eases both parties at a round table could agree on what is
needed and what must te postponed ko a more affluent year but neither {3
willing ko abide by the cthers' umilateral deecision. Thus even though the
EP4 may write the rules for fAir Pollutant control, they will have
difficulty in acceptirg a solutilen which is cost effective for plant 4 and
1ts stakeholders in the community.

Similar problemz arose J4Lbh the "Pinte” gas Lank. In the caleulation
of the cost of change, who is the customer who approves the trade off.
The product safety desigrn gulde does not reguire each car to have the
crash resistance of tne M1 Tank but 1t is expected to meet or surpass the
standards of a similar product now in use. Since this would never permit
any reduction in safeby an alternakive test is that a buyer fully informed
would rather beap the risk than spemd the money to have the hazard reduced
to a lower level.

But we are still left with the problem of the marginal producer or
employer. Should a safety requirement drive him out of business or do the
sunk costs and benefits of tne ongoing operation offset some possible
temporary external.Sies., Remember we are talking about continuation with
full disclosure zo there 13 willing acceptance DY the stakeholders - the
employees, the neignbors, the castemers and the investors. Those who were
unwilling have been {or rcguld have been) cempensated with the consent of
the creditors and of the remaining stakeholders. It 1s an axiom of a free
society that one ear e.sct a course of action which does not interfare
with the rights of cthers and wken the conbinuation aidg the loweat inoome
group among the stakehalders nob _ust the pockets of the ouwners it 1s
presumptious of the crusader to say safety first. The argument that this
or that hazard shou.d not be oermitted here or overseas 1s most often made
by those yong ideallsts who wou_d nab accept their own parents’ adviee on
risks involving only the:r own zmusement but still have tne arrogance to
constrain others on the essential of a livelihood or food and shelter.

The Indian aceeptance of the hazard at Bhopal was partly ignorance of
the magnitude of the passible aceident but also the result of their much
larger risk of starwvation i la Ethopia. Just as DDT is banned 1in the US
and necessary elsewhere, the herbicides and pesticides can perform their
needed work to eed the starving LF we only learn to manage the inevitable
rizks of "Living."

To say that a plant should be Isclated from a large city to reduce
the exposure ignores thnes cransportation problem for workers without cars
while the partial remedy of buses operated by the plant dees not prevent



tne movement of gguatiers to bhe fence 1ine ag occurred in the £l Pase
1ead pellution problets.

STOPPING RULES

The ritle that a ri1sk 1mposed on othera must be negliglble 1s not
sufficient for reasans related to bthe Tragedy of the Commons. If you as
one of the 5000 drivers in your Sown were to compute the cest of the added
accident risk to a single one of your 10,000 neighbors for the first or
should I say the last bime you failed to stop at a traffie light or
prceded the posted speed to beat the light change, the amount 13
undoubtedly negligible. Let us suppose 1t is one ten thousandth of a
penny to each of your neighbors or one cent added third party liability to
you. This may also be an approximation of the direct injury risk to
yourself, (You are definitely at the scene of your unsafe driving
practices.)

But tiz number is mulbipliad oy the 100,000 intersectlonsz you pasa in
a year and by 5000 ta compube an annual cost ih Just your town, [F YOU
GRANT EACH OTHER DRIVER THE RIGHT TO DD AS YOU DO. Adding up the costs in
each of 20,000 other nelghborhoods makes the countrywide total ten billion
dollars for even a ohe cent estimate on a single unsafe practice.

Morsover; the aboue caleulating omibs the synergistic effects found
in multiple exposuras, That is the compounding of risk that will result as
more than ene driver faills to stop at intersections {or mere than one
factory fails to limit staock emisslons). It is thus an understatement of
the eosts of a negligible risk change. While such multiplication was most
grominent with asbestos and smoking, 1t 13 the practice in almost all
private risk caleulus ko ecnsider eurrent life styles as constant and
project the effects of the proposed action with no other changes. The
problems of synerglsm are Ineorrectiy left to EPA and Congress. The moral
obligation to act only as you would permit all others to act has
particular significarce when repetition of an act (N) times does much more
than (N} times the sogietzl injury {or yield more than N times the
advantage ta otherz) .5

Sinee the (N} in the case cf the U.S. population is of the oraer of
100,000,000 working adults ar car drivers or families, the argument 1s
that one should consider the repecition of your proposed action this
numbelk of times and weigh tho conseguencea from the multiple interactions
of that many repetiticns.

As discussed anove in the case of the speeding auto driver, whenever
the Interaction of Lwo acts leads to greater loss (2 drivers fail to slou
up at the same intersectiom) the botal social cost will 1nerease
exponentially and ail of us bave a moral obligation to aveid this
overloading of the commons amd increasing of the risk lead on the common
man .

In the attached list of aften overlooked costs involved in low
probability-high consequence events a fair estimate of the cost from each

55ee pages 272-275 “Foundatians of Inductive Logic" by Roy Harrod
Harcourt, Brace and Company 1956-7. This book has also the best
discusslon of probakiliby I have ever read.



item may be 2PL. (Where P 1s the probability of saceeding loss size L.}
Howewer; 1 there are interactionsz of this type, between the costs of my
taking this action and everyone else following suit the cost of
externalities will sxceed the sum of all others.

All of the above should be combined with the following new
postulate. {An axiom that can only be justified by the utility of the
reaultants}:

TAE ANNUAL EXPECTED PUBLIC COSTS FOR A FACTCRY CREATED EXPOSURE SHALL NOT
BE GREATER THAN 100 DOLLARS PER EMPLOYEE

IF my exposure is reaching 1000 nelphbors and I have 50 employess-
the ilmposed risk iz 4$5. per capita per year or 10 cents a week- definitely
negligible and mare than offset by the reduction Lln the property tax or
other benefits of thls operatian,

The plant with 20 depts of 50 smployees =ach may split its safety
butiget To Sacure the greatest returns by extra care oh the hazargous
operation. It must be remembered that the overall risk includes product
liability as well and that this 15 a eonstraint on the maximum risk
allowed from the entire operation. Where ever possible the plant will
thru its safety, environment and guality deptsa reduce the outgside
impact. i.e., when ever an action will cut theé expected loms by mere than
the cost af bhe action.

The figure of §100 per empleoyee per year as the maximm acceptable
expected accident cost for any effect outsida the plant fence tiay also be
applicable {(nside. Certainly many flrms have A lower cost today both
ingide and out., Unfortunacely not all and the best measure of the
management we can thirk of is the ratio of their costs on such measures ko
that of their competitorz. Many firms have improved but othera over the
years fail badly due to salf deceptioh, to proverty levels of spending on
saf'ety and due to ignorance of the interacticns between their acts and
those of the rest of society.

SOME MAJOR COSTS OMITTED TH JUDGECNG LOW PROBABILITY RISKS

1. Expected Loss when {P) 15 the annual probabillty of exceeding
loss glze (L), is in the range UFL to BPL per wyea~ ar 4 to BOPL per
I1ifetime.

2. Damucility of large loss up to 95% of current wealth (W} has an
equlivalent utiility walue of approximately 3PL per yaar or 30 per lifetime.

3. Regret cost egquals the value of pegrfeet information, of always
maklng the right decision. Might alsoe be called reputation cost.

Sunk costg of other unusable investments if the event occcurs.
Liguidity ecost of reserves equal ta che maximum pessible less,
. Crimipal liabhility for wrong or injury done to scoieby.

Cost of frequency reducticn measures.

Cost of szeverity peduction measures both By you and by others.
Cost of risk management: analys:s, 1aplemestation, audit and
insurance carriers overhead.

10, east of information acquisition and of experimentatiemn.

11, Externalities including those which will be tranaferred back by
the courts.

12. Reversibility ecosts 1f we deglde we don'f want this rilsk.

13. Duration cogts; how long do we bear tnis risk?

14, Costs of uncertainties 1n the valugs of the parameters and in our
fusure risk oortfolio.

*G8. UMEHNOWN UNKNOWNS.

WOl SR i



ENHANCING RISK MANACEMENT RY FOCUSING ON THE LOCAL LEVEL:

AN INTEGRATED APPRDACH®
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ABSTRACT

An integrated appreach to risk management that focuses on the leocal
lavel will lead to a more satisfactory and timely reselution of loealized
risk situations suwsh as chemical contamination of groundwater that serves
as a source of drinking water. More impertantly this approach will resulit
in additional positive long-ranges effeets -- increased local capabilities
to deal with future chemical risk problems and improved preventicn of =some
types of chemical cantaminatien of geoundwater. Conceptualizing the
management of risks as having lpputs (the rizk situation, iaws and
palicies, btechnical contexk, and community context}, process, and outeomes
illustrates that neither outside intervenors nor the iooal community
ghould appreoach a risk sltuation without regard for all of the inputs ar
without understanding the dynamics of the process of managltg risks at the
local level,

KEY WORDS: Risk management, community reaponse, groundwater chemical
contamlnation, drinking water quality
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INTRODUCT £ON

On the occasion of receiving the Soeciety for Risk Analysis
distinguished contribution award last year, Chauncey Starr (1985}
suggested that the operations established for the management of risk were
as important as the quantitative description derived from the risk. In
our research on chemically contaminated groungwater, we have seen that
risk management approaches designed far away from the risk locale have too
often resulted in unsatisfactory outcomes from the perspectives of both
the community and the risk managers. Our results suggest that the
management of risk might be ephanced in terms of both the short-term and
long-range effectiveness by taking an integrated, multidiseiplinary
approach and by focusing on the local level. We consider a sucecessful
cutcome to be one that not only resolves the particular risk situation,
but also provides for increased community competence to prevent and, as
needed, to respond to any future chemical contamination problems. An
example of prevention would be the establishment of groundwater protection
programs, {e.g., establishing aquifer protection zomes). We suggest that
risk management planners and 1mplementers need to utllize more
multidiseiplinary, integrated approaches and increase their sensitivity to
the local community at risk.

When considering risk management operations that could be enhanced by
focusing on the local level, groundwater chemical contamination problems
serve as a highly 1llustrative paradigm. Groundwater contamination can
result from a multiplicity of causes and human activities. To
successfully deal with these problems, an involvement of many disciplines
is necessary. Also, the adoption and implementation of any solution often
requires the collective efforts of individuals, communities, industries
and government agencies.

In this series of papers different members of our research group will
illustrate the importance of considering several aspects of risk
management: (1) integration of dimensions of risk management operations,
(2) the community context of the risk, and (3) the risk management process
itself. The papers reflect our belief that an integrated approach that
focuses on the local level could enhance protection of the public health
and the environment.

is the introductory paper in the series we first will present brief
background information on the chemical contaminatien of groundwater and
associated publie health risks. We then will describe a conceptual
framework for risk management at the local level, that we have found
helpful in our efforts to understand risk management at the local level.

GROUNDWATER, CHEMICAL CONTAMINATION, PUBLIC HEALTH

The water supply for over half of the U.S. population comes f{rom
groundwater. In many rural areas, over 95% of residents are dependent an
groundwater as an economically irreplaceable source of drinking water,
Unfortunately, the purity of groundwater can no longer be assumed.
Chemicals contaminate groundwater across the U.S. New risk situations are
reported to the public almost daily. More tnan twenuy pesticide residues
and hundreds of synthetic organie chemicals have been found in public and
private drinking water supplies from groundwater. The length of time and
full extent of such contamination 1s unknown.

Chemical contamination of groundwater is often a localized problem,
and contaminants may come from multiple sources -- underground storage



Table 1

Attitudes Toward &dditional Pollution Controls

Support additioral controls
[no mention of closure)

Yes Ne Don't Know
Hear{ng L 34 8%
Phaone 40% 293 {12

Table 2

Support additional control
{1f closure mght result)

Yes No Don 't Enow
5% 42% 7%
323 473 21%

Correlation With Risk Tolerance

Item Pearson ™
Harmful effects vs benefits of smelter 863
Bo you think the smelter §5 & health hazard 818
"Real risks" (ip 5's judgement) are

higher or Tower than EPA estimates LBOY
Personal imeunity to cancer caused by ASARCO emissions 525
Yaluntarines of exposure to ASARCD emissions 470
Should standards be based on aFfardability 454
Personal immunity to general environmentally

caused cancer . 387
Agencies should not wait for certainty

before acting to reduce risks 386
Costs versus benefits of pollution controls im general Yy )

=Al1 correlatigns presented are signfficant at less than

the 001 Jevel.



Table 3

Results of Factual ¥Knowledge Taesticns
for Hearing Respondents

Risk Estimate Question Regulation Quastion

Correct Incorrect{l) Correct  Incorrect
Lass &isk Tolerant 62% K} 475 53%
More Risk Tolerant 41% 505 26% 74%
Overall Percentage 52% 48% ] 633

1. Percentages Cited as incorrect fRclude those who gave incorrect amswers
as w211 as those who did not answer or selected the [on't Know respanse option.

2. Chi sguare analyses reveal the differences betweeh MT and LT groups to
be significant at less than the D0 level for both questions.

Table Y4

Risk Decision Aspects Used in Ttem Gensration
Risk

Mortality
S5e1f
(thers
Gereral Publiic
Workers
Future generztions

Morbidfty
Self
Others
General PFublic
Workers
Future generatfons

Knawledge of hazard

Self

Science and government
Dread of hazard

Self

Others

Benefits

Economic
Self
Others
Nor=aconomuic
Self
Others

Costs

Proparty damage
Incoee toss

Environmenta) effects

Flants apd animals
Hon-1iving environment



rank3a, hazardous wastes, sanitary landfllls, [ertilizers and pesticlces,
mining wastes, household cleaning agents, leaking public sewage systemsz
and private septic aystems, chemical apills, even highway deicing salt.
Just onme aspect of the potential problem, leaking underground storage
tanks, is illustrated by some figures i1n upstate Mew igrk. Of the more
than 120,000 underground fuel skorage tanks, 20% or 24,000 currently are
welieved to be leawing. Hationwide there may be as many as 200,000
leaking underground storage tanks.

Because of its coemplexiky, once groundwater 1s contaminated. 1t is
poth technologically @ifficult and very expensive to decontaminate.
Chemical contaminants in groundwater maowe anywhers from Inches to [eet per
year. They move in plumes with only limited dijution {rom the peint of
applicaticn to dlscharge., The amounkt and concentration of the conbaminant
in the groundwater, a8 well as the time it takes for the contaminabt Lo
get to the saturated water zene or aquifer, depgnag on the intrinaie
propertles of the chamical, the supsurface scil, and the amount and
distributign of precipitatien in the aquifer recharge area. TFor ekxample.
1n Minnescta, arsenic useqd as a pesticide im Ghe 1930's 15 only now
showing up in the groundwater {(Steenhais, 1985). On the other hand,
aldicark pesticide residue was found in Long Island groundwater within
four years of the pestiecide's First use (Pacenka and Porter, 1983},

The health effects From drinking, cooking with, and bathing in
chemlically centaminated water generally are unkhown. At tha
concentrations commonly found in groundwater many chemicala may pose
Iitcle or no health threat. Others such as toluena, trichlproecthylene and
tetrachloroethane may cause i1mmediate or zcute health effects such as gkin
rashes, dizziness, headaches, even heart arrhythmlas. In add:tion,
chemicals may pose risks of chronic health prchlems zich as cancer, or
neurologieal, imounological and reproductive dysfunctioms. Any health
risk 1s dependent not only on the properties of the chemicals and the
conditions of the exposure, but also on the exposure to other chemicals,
irdividual susceptibility and Lifestvle. The risk to the health of any
single individual is just pet known. ‘Toxieolegists can, at best, with
much Lncerbainty, estimate the risk to some statistically healthy
population.

AN INTEGRATED APPROACH TO AISK MAMAGEMENT

Cver the past five years our interdisciplinary project at Cerneil has
been consldering the problems of management of risks at the local level
associated with chemigally contaminated groundwater used ag a source of
drinking water. We have as our overall goal the expansion of risk
management capabilities of communities amd indivicuals with respeet to
groundwater and chemical contaminatien. Our muibtidisciplinary research
team is utilizing its diverse expertise to study non-metropolitan
communities, primarily in New York State (Lemley, et al., 193%; Hughes, et
al., 1982; Fitchen, et al., forthcoming). In ihese commnlties we are
looking into such Factors as: the enJtironmental fate of the chemical, the
hydrogeologieal features of the area, evaluation of potential health
risks, the community's level of knowlegge mbaub the tontaminated water
situation, and the decisigns and responzes of individuals and
institutional feators.

The concaptual framework we have used to study the mamagement of
risks from chemically contaminated groundwater was adapted from the
nuttition communication medel of Gillespie and Yarbrough (19BL). Showc 1n
Figure 1, this conceptual framework has besn useful 1n wdentifying various



Table 5

Risk Decision Variables Included in Analyais

Endogencus variabies
Risk

ASARCO Mortal fty/morbidity: Self

Mortality/morbidity: Other
Earthguake Mortality/morbidity: Al
Benefits
ASARCO Benefits: Al)
Earthquake Benefits: Economic
Benefits: Non-econtsic

Information seeking

{Same for both hazards)

Risk mitigatipn/freduction

(Same for both hazards)

Exogenous variables

Scientific background

Attitude toward science/technology

Attitude toward government

Cencern in hazard information




LOCAL AND . SHORT-TERM LONG-RANGE
INTERVENOR [ FROWF3S ouTcoMes " oUTCOMES

INPUTS

Figure 1

Ri=k Management

aspects of risk management that are eritical to optimal resclution of a
gituation and in need of more attenktiom from both researchers and the
public poliicy makers.

Aecording to our conceptual framework, the managemenc of risks ab the
local level has three major components: inpuks, process, and outoomes.
The inputs include (1) the oharacteristics of the actual risk situation
such ag the nature of the ohewmical and the number of people or wells
affected; (2) the laws and policies invaked by that risk situation, and
{3) the technical conbext swch as tha rechnolegical options and
limitaklons for traating the contaminants. To regoive groundwater
contaminatien problems, expertize from a variety of disciplines s
needed. However, Few teehnical experts hava the full compaement of
knowleage, skills, and experience 1n all of the Lechnical areas needed to
address groundwater contamination problems. Thus, a veristy of technical
eiperts are often involived, Our studies have shown tnat integration is
needed among the technical experts 1neluding engineers, toxicologists and
hydrogeologists.

Our studies indicate that a second type of integratien also 1s needed
it risk manzgement -- integration between the technical and human
dimensions of the problem. This series of papers will Focus on the need
to recognize the human dimension of risk management and actively
incorporate thia dimension 1nta rizk management, Risk managers must be
sensitive to the leeal community oontext of the risk situation such as
economice, demographics, cammqnity atritudes, beliefs and values and
socig-palitlcal institutions.' We have segen that interveners have aften
ignored this input entirely.

Janet Fitehen, a eultural anthropologist, in the next paper will
present regearch that supports our contentlgn that local response to the
risk and the risk managemsnt process 1s shaped by the lecal sontext.
Fitchen's paper examihés the dynamics of the interactions between risk
management and the ecmemnity. She identifies ten local context factors
that appear most important in shaping community response. Sinte loeal
response will affect both short-term and long-range effectiveness of riak
management, 1t 13 argued that risk management planners and impiemsnters
need to pay more attention to the local community context {Fitchnen, 1986).

Inputs are brought to the risk management process by outside

lzer the purpose of our research we have defined community as the
loeal populablon and its local institutions involved or affeeted by the
risk and its management.



ATTEMPTS

DECISION TO AFFECT DECISION
QUESTION PECISION OUTCOME
IDENTIFIED PARTIES OUTCOME REACHED

Figure 2

‘The Process

intervenors and laecgl people. 0Qutside intervenors are defined as
technical experts or representatives of imstitutions that are invelved
with the community because of their technical éxpertise or statutory
authority. These intervenors inelude, but are not limited te, engireers,
regulators, lawyers, educatars, toxicologists, and publie healtn
speclalists. They provide kechnical input into the risk managément
process in terms of their specialized kmowladge, skills and experiences.
Intervenors alse bring beliefa, attitudes and vwalues about groundwater,
lts protectian, chemical risks, regulations, other technical experts and
the community at risk. Intervenor inputs affect haw intervenars (1] relate
to the community and cther interwéncrs, (2} are perceived by the community
and other intervenors, and {3) participate in the risk management process,
Often we have found intervenors enter a risk management cperaticn with
preset options and predetermined strategies that may or may not be
applicable to the specific community at risk. The deminant risk
management approeach seems to be the one-sided intervention of technieal
experts (e.g., govermment perscnnel or consultants) with technological
solutians to be implemented in the losal communiby under the directicn of
the osutside intervenor.

The many individuals who Iive and work in the locality bring ancther
3t of critieal inputs to the risk management process, regardless of
whether or not these inpubs are acknowledged by intervenors. Local
participants bring a variety of credentialed and nan-oredentialed
efpertise to the risk management process such as knowledge about past use
af am area, successful local management experience, and loeal foll
Wisdom. Unfartunately, intervemgrs too often ignore guch local experience
as jrrelevant to the managemenkt of the riak. Alsec, loeal participants
bpring beiiefs, attitudes, and values related te themselwves, thelr
community and their risks. How they participate in the risk management
procesa, whether they accept or reject lntervenor technical information
and adwvice, and how they will reaet to the putcome(s) are all allected
by these peliefs, attitudes, and values.

Many intervenors seem to believe the loecala "ean't raally understand
the =ituation." Bonney Hughesz, a graduate student In environmental
Lozlealogy, di=zcusses citizens' knowledge, beliefs, and actions related o
chemical ceatamination of groundwater (Hughes and Bisogni, 1986). One
approach to enhanced risk management at the lecal level is through



snereasing the knowledge of local oitizens related to groundwater and
gremical eontaminatlon. However, for educational programs be be effective
ar meaningful so ditizens, educators must consider clT1zens' eilsting
peliefs, attitudes, and practices,

Our research shows that regardless of the beliefs of intervencors,
jocal eitizens do provide critical inputs and da contribube T2 the
effecbiveness of risk management, Management of risks from chemically
contaminated groundwater 1s not conducted exeiusjvely by federa. ar stats
governments, but imvelyes inputs from all governmental levels and the
private sector, Whlle the risk wenagement processes at the local level
vary across the more than a dozen communities bhat we have studied, we
suggest that some features are common. The risk managemehit process iz
dynamie. [t 1s interactive involving many gecisions spread ouk over
pime. The process also 18 lterative. The results in a number of
intermediate or shert-term outcomes can feedback to influence both
concurrent and future decislon-waking as well as the inputs of the
sntervencrs and the local participants.

Jenifar Heath, a graduate student i1n environmental toxlcology. has
focused specifically on the interactive nature of the risk manmagement
process. Some detalls of the progess identified as important In
influencing short-term and long-range risk management effsctivencss are
presented in the third paper in thig series {Beath and Fessenden-Raden,
148a7).

The final paper in this series 13 by Hank Bughes, a waker resopurce
specialist. He will provide Avidence that Intervenors can work with
communities in produetive ways i1n which each lsarn (Haghes, 1986). In
gack praject, members of the community have warked with the Water
feaources staff from Cornell in identifying valid options, in araluating
the technical mer:ts of the pptioms zbd in selecting the preferred IfTLORS
for community impiementation.

CONCLUSION

We conceptualize management of risks from chemlcal,y contaminated
groundwater as involving inputs, process and outcomes. Neitner the
outside intervenors nor the lecal community sheuld approach a risk
gitLation without regard for all the inputs or Without understanding for
the aynamics ef the risk managesment process.

We take the position that the local community [s not merely a passive
setting within which outside teckhnical experts briefly perform their
specialties in the management of a given risk. The gommunity is an
interactive sekting 1n which Goth the risk and tne management of the rizk
abe embadded. We vontend that ko enhance risk management, an lhtegraled,
multidisceiplinary appreach footusing on the local level where ing risk -s
being experienced, is heeded. Improved communication and use of
scientlfic and technical Information ralated ke chemical contamination of
grounduater, public health, and risk assessment L5 also essentlal.
Technical responses from engineering to health must be better integrated
With each other. The technical response as a whols heeds to be integrabed
with the iopal inputs. For an optimal outcomeé of any risk management
operation, there should be learning by both the intervenors and the local
community. The local community should acquire seme ccipelence to {1) more
resdily deal wich any future chemicali risk proklems, amd t2) act to
prevent such problems as much as is possible. The communlty showld bebter
know where to go for wnformation and help when it 1% needec. Tdeaily
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the leng-range impact of a successful risk managemsnt operation alse would
provide for improved intervenor response elsewhere, and perhaps even
improved pubiic policy.
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