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ABSTRALT

Risk management practices are the reaulkt of seilentifiec risk apalysis,
subjective risk evaluation, governmental poiicy. econamie concerns,
interest group pressure, and ecultural influencez. One way of analyzing
the relatlve influence of seientific, cultural and politieal fastors ia to
examine how deecislons for similar risks are made in ¢ifferent countries,
Cross-national compar13ons o3y suggest new or alternative approaches te
improving the interactian between risk asgessment and risk management.

In this paper we examine the risk canagement process in the United
States and Japan through four cases studies (lead, detergents, pesticides,
and seat beltg). This reguires identifieation of the involyed actors, and
an understanding of how they are involved; the role of risk aralysis in
risk management: and the underlying structure. Fircaily, we ask how
zimilar or dissimilar the U.3. and Japanese processes are ln these terms.



This analysis 1s based on the results of a two-year comparative study
of technolpgical risk management in the U.S. and Japan. The work waa
sponscred by the National 3Jelence Foundation, the Japan Soclery for the
Fromot.on of Science, ana the Environmencal ProtecClon Agency.

KEY WORDS: Risk management, fisk assessment, U.3. and Japan.

1. INTRODUCTION

Technological hazards are universal, but the means of dealing with
them are not universally the same. Differsnt countries will, based on
cultural, eponomie and political differences, manage the sama risks
differently. R small pumber of studies nave emplOyea a cross-national
perspactive to compare risk management approaches in several areas
(Brickman, Jasanoff, and Ilgen, 1985; Lawve and Menmkes, 1985).

The object of these cross-national studies is to, first, learn by
sharing experiences. The more long-term objective is te profiz from this
gharing, 1n arezs related to methodologies, data collection, analysis, ar
the utilization of the results, that might enhance the effectiveness of
future technological risk management practices.

This study, which was sponsored by the Natlional Science Foundzblon
and the Japan Speciety for tne Promotion of Science, examined risk
management practices [n the Ucited Stakes and Japan. The study was begun
in Oetober, 1983, includea a bilateral workshop with Leading U.S. and
Japanese participants in Octeber, 1984, and #ill seon eonclude with the
publicatlon of a Workshop Proceedings and a Fina] Report.

2. HISTORICAL PERSPECTIVE (Covello, et al., 1985}

In the ©.S. and Japan major changes have taken place in the nature af
the r1sks that sach society faces, as well as iln the soelal and poiitical
context for rigk analysis and risk management efforts. For example, there
has bean a significant snift in the nature aof the risks to which U.5. and
Japanese citizenz are subject. In 1904, the leading causes of death in
both countries were infectiocus diZeases--pneumonia, influenza, and
tuberculosiz. By mid-century, infectious diseages had been displacad ay
chronic degenerative diseases of adulthood--espeelally heart disease ana
canger {Naticnal Academy of Science, 1979; Foreign Press Center, 1982).

Although there has been no substamtial change in the rank of
accidenks as another leading cause of death, there has been a shift in Ehe
types of aecidents The rate of fatal accidents in wines, for sxample,
has fallen substantially as has the average annual rate of fatal aceldents
in factorles in the [.5. and Japan. Natural hazards still cause
substantial property damage in both countries, bab such events account for
only a small number of annual fatalities.

While these bype= of accidents have been declining in significance,
other types have increased. In 1HM), for exampie, the number of
automabile ascidents in the United States was inzignificant; however, in
1980 automobile accidents accounted for over 50 00% deaths (Claybrook,
1983). Aithough the number of automobile accidents in Japan L much
smaller {around 9,000 i1p 1982), the fatality rate per vehicle mile :n 1950
is 37% hicgher than thab in the U.Z. {Kasperson and Sakasnita, 198L).



Next, in the U.S. and Japan there has been an ipereasa 1n the role of
che contral government in managing risks. There have been cramatic
snereazes in: (1) the number of major environmental laws, and (2) the
numper of matiomal agencies charged with managing nealth, safety, zng
environmental risks. [n bhe J.3. attempzs bave recently been made wo
reverse the trend toward growth 1n federal regulatory involvement;
nowever, several factors have contributed to 1Lz centinuatian, ineluding
the increasing health, safety, and envirpnmental ccnscrousness of the
aztlon: a decline in the level of public confidence in business: the
emergence of the public interest movement; and the growth of a ¢omplex,
interdependent, highly technologleal soclety. Additional factorz leading
toward continued national regulatory invelvement include:

- An accelerating rate of teghnologieal change, resulting 10 enormous
increases 1n the physical and temporal scale ana complexity of risks
[for example, appraximataly T0,000 chemicals are in current uss, with
perbaps 1,000 new chemicals being lntroduced each year}l;

- fn inerease 1l the speed of scientific and tachnelogieal developments,
leading to shorter and shorter time lags between seientific
experimentation, development, and entrepreneurial production;

- The inoreasing role of government as a producer of risks through 1ts
sponsorship of scientific and technologleal research anc davelopment;

- Tha r1gzing cost of technologleal risk control ana damages.

In Japan, many af the fagtors have been pronounced. The rate of
technological change in Japan egualled 1f not exceeded bhat of the United
States. In Japan the devastation of World War II required capan te
rebaizd her tachnologieal and industrial base (Ikeda, 19843, Japan hnas
been transformed into 3 technologleal and ecanctnic superpower, bringing in
1ts wake the concomitant problems of advanced Industrial society.

The turning point 1o Japan's governmental involwement 1n risk
assessment awd management ean probably be traced to the 1970 "pollution
met," a speclal session during wnich 14 poilutilon pills were passed
{Reed, 1981}, Japan's Basic law Was revised, for the firat time assigning
greater priority to environmental protestion than to economic growth. On
July 7 of the next year, the Japaness government created the Environment
Agency, which assumed the leading role in momitoring and regulating
anvironmentai issues (Kelly et al., 1976). The changed emphasii on
anvironmental quality. even at the expense of economic growth. wWas
maintained even through the cil orisia, and was 1n fact only relaxed in
1978 in order to create a 3ituatlon of "peaceful coexistence" between
econamic growth and environmental protectiom requiorements (Reed, 1981).

Finally, In tne U.S. and Japan there has been an Increase In thne
participation of apecial inkterest groups [n the secietal risk management
process. Risk analyslis and rilsk Danagement actlvities have becoms
wnereasingly politicized, with virtually every major health, safely, and
environmental decision subject to intense lebbyiog by Inberest groups
representing Lndustry, workers, environmentalists, scientifle
organizations, and other groups {Edwards and von Winterfeldt, 1984}, WNet
only has there been an incresss ln the number of such groups and their
members, bub also subatantial growth in their scientific sophistication
and modes of operatien.

In pantrast to the Ameriecan experience, interest groups on
environmental 1s$sues 1n Japan have tended to be localized or 1g3ue-



spepific. There are in Japan no broadly based envircnmental or puolle
health srzaplzations similar to t4e Sierra Cluo or Environmental Defenze
Fund 1n the U.5.

In Japan, "kogai" (public nuisance) became a furdazantal pelitreal
18sue during the 1960's and 70's, .zaclng te the rlze of "Anti-Koga1”
citizen's movements {Jumir unda} consisting of individuals directly or
indirectly 1mpacted, or likely to be impacted, by devalopmant prolects
{Ikeda, 1984}, These Jumin unde urged the government to take promph
remedial measures to mediate the growing canflicts between economic
interests and damage o the environment. Using tacties rdanging from
"humble requests® to sitdowns. demonstrations, ang cha.ilanges through the
OuUrt System, they have helped block induatry expansion {Kelley et al.,
1976) and in some cases [such as Winamsra Uisease) helped secure vietim
compensation.

3, SUMMARY OF RISK MANAGEMENT APFROACHES IN FOUR CASE STUDIES

Cage Study Zelection

We approached the task of camparing risk management in both countries
through comparison of zeveral scarefully selected cases of kechnolegical
risk menagement. Among the issues which affected caze stidy selection

wers:
1} Similarity of the issue 1n both countries.
2) The representativeness aof current rizk management practices.
3) Suffleient 1ssue duration.
4) Extensiveness.
51 dwa_lability of data.
Based upor these criter-a, Four case shudy topies were seleched:
Y1 risks from detergeonts;
2) 3eat belts;
3} risks from lead; and
4} pesticides,

Detergents

The detergents case shows close similarities betueer toe U.S. amn
Japan. In both cases 1t is local, rather =nan ratiznal, gevernments that
have generated the most string=ct enforcement

in poth Japan and the U.S. problems were similar: oW bta manage
gutrophication risks in bodies of water, risks which might be inereased by
the use of phosphates i1nm synthetic detergents? In large part the answers
were the same, with tke Japanese respense predicated on the U.3.
exper:ence.  In the U.5., the detergect incustry originally attempted to
substitute NTA; guestions about its safety led to a second strategy of
reducing phosphorus use. The prospherus centent of dstergentz drooped
froe 9-12% im 1970 te about 6% 1n those areas of the [.3. Waich aad net
imstituted a phosphorus ban.



There is conmiderable variance in the ampunt of wastewater Which s
treated in the two sountries. In the U.S., most wastewater is treated in
socme form. A5 Implementation of wastewater technolegy in the U.3.
continues to increase, more U.3. wastewalber will be treated for phosphate
removal.

Ir Japan, = significantly lower percentage of wastewater, about 30%,
i treated. In the wake of the Eutrophicaktion Prevention Ordinance, the
design of the sewerage plant lovated closest to Lake Biwa, the largest
~ake and a principal water supply source in Japan, was altered to inciude
nutrient removal. This plant began service in April, 1982, seyeral yegars
after the problem had become serious.

There are varying perceptions of the rolg of government ip the VU.3.
and Japam. Supeishi and Nishimura deseribe the "ohushuxu” system, which
suggests that the Japanese government takes a paternal role, and there is
a reluctance on the part of government officials to deal franmkly With
issues which appear to be ocutside of governtental contrel. Ip The
detergent area, the role of governmental eonkral 13 manifested in
information availability. Im the i.5.., research findings arc often
dizseminated ated generally fully disclesed. In Japan, on the ather hand,
there appears to be an absence of tnformatlian-sharing sucside ol the
governthent.

Seab Beltks

In both the U.S. and Japan, traffie fatalities irores=zed in the
1960’3, By 1970, 16,765 fatalities ceeurred in Japan. This trend
reversed in the 1970's, and in 1979 there were only about halZ as mary
traffic fatalities as in 1970. However, fatalities bagan Lo intrease
agzin in the early 1980's.

The number of annual traffic fatalities in the U.5. passen 50,C0Q in
the middle of the 1960's and stayed areunsg 58,0400 or 43,000 until 1972
when Lraffic fatalitles reacnec an sll-time high of 54,583. However,
traftic fatalitles dscreased by almost ¥,000 due partially to the
federally mandated 55-mph speed limit., Traffic fatalities gradually
increased afterward and in 1979, traffic orashes wers respensible for the
death of 51,093 Americans and the disapling injuries of an aaditional two
million.

1t should be rmoted, however, that the anmual ferality rate in Japan
declined from 8.0 per 100 millien wehicle miles in 1975 In 4.8 in 1980.
Ty comparison, in bhe U.S. the annual fatality rate showed little change
from 3.35 per 100 million vehlele miles in 1975 te 3.3d In 1380.

Zeat pelt usage is low in bath the U.5. and Japan: averagé usage is
under 20 percent. Japan requires the driver ta fasten the seat pelt and
Lo "zteivem tg have passengets fasten Theirs when driving on naticoal
expressyays. The U.5. now requireg child safety seabts in all 50 states
and has pagsed mandatary seat belk usage laws in a few states,

Lead

In Japan, the Uabipeme-v¥angicha incident in Tokyo {(May, 1979),
acknowledged the risk of exposure te lead. Although health offizcials
found ro significant evidence of elevated blood lead levels in tne
residents tested, the issue become significant So tke unions and local
political groups. Pesponses ay the ¥inistry of Intermaticnal Trade and
Industry (MITI} called for a lowering of the lead content in gasolice fromw
B.96 gm/1 to 3.28 gm/L in June, 1970. An edpert ccumibtes was agsembled
in hugust, 1970, arid the committes outlined » sebeduie Tov raductian af
lead content in gasolire Wafch resulted In the Jevel of lead in gasoline



being 0.15 gm/l by April, 1975. 4 total ban of lead was consldered, but
leadad gasoline remalned availzble as premium gasoline for older cars
which required lead For mechanleal reasons. Government subsidies amsisted
refineries to increase the production of unleaded gasarine,

In 1975, the Epvironmentzl ratectlon Agency was sued to list lead ag
a poliutant under the Clean Air Aect. This action was challenged, but lead
was listed as a pellutant in 1976, and alr qQual:cy eriteria and the
propased standard were develeped, The air quality etsterid decument
determined that over 88% of the ambient air lead resulted from the
combustion of leaded gasoline. A phasedown 1 lead #as cutlined, bub the
oil erisis of 1978 delayed the reduction of the lead content in gasoline.

The target population at risk from the health effects of lead in the
blood were children under six years of age. Oecupational exposure alse
resulted in ambient air quality limiks 1p the workplace. Miafueling,
additional information caongern.ng health effects, and greater consdmption
than antleipated hMave rasclted 1o additional reduction of lead tn
gasaline, from 1.10 gm/gal {0.29 gm/L} ta O.1 gmsgal (0.026 gn/l).

In both cases, Che impact of leaded gascline on the catalytie
converters in automoblles played 2 majer rale im reducing lead in
gasoline. Catalytic converters were installes to reducs non-lead
pollutants, but the lead fouled the catalyst making the converters
ineffeccive. In Japan, air qualify was a major coheern A3 well Ag the
sconomic significance of the export market to the U.5, Technolegileal
developments provided engines that did not regquire vatalytle converters to
achieve the afr quality emission standards.

restielaes
resticides

Specially synthesized organic compounds became commercia-.y avallawole
for pesticide appilcaticns (1msecticides, herbicideg, fungicides, anti-
microbials, and other special applicatlens) beginning iz the 1940%a.

These comppunds--organic chemicals such as DDT, parathicn, BEL--gpreved ta
we highly povent for pest contrdl and relatively rapidly displaced many
older, less affective inorganic pesticide formulations. Tn agriculbure,
they opened new avenues for mapnaging praduction, by stabiiizing crops
agalnst pest gestructleon, mproving yields, and underwriting a shift
toward less labor-intenslve production, Other important uses have
inciuded food ana graln gtorage.

The use of synthetilc organic pesticides inereased rapidly in poth
Japan and the United States from the late 1940's onward. In Japan, the
use of pesticides has increased dramatically even a= agrisultural land has
slightly declined. The irea of agrieultural Zand 1n Japan averaged 6.2
millian hegtares in the 1960's but was marginally lower, at 5.8 million
hactares i1p the 19707s5. Pesticide Lse meanwhile climbed from 130 miilion
pounds of on-l:ine pesticide ingredients in 1364, te 180 millien pounds by
1970, and mare tham 2350 million pounds by 71380.

While the magnitude of pestiglde use 1n the U.3, is sizeable and
growing, the intensity of use has been markedly less tkan 1n Japan. U.s.
apricusltural land averaged 438.9 million hectares in the 1960%s and 433.2
millien hectares im the 187073, In 1960 over 304 million pounds of
pesticides were being applisd anmually. Pesticide use increased to 515
million pounds on average during the 1970's =and by 1380, wasg about 605
million pounds. During the 1970's, then, Japanese farmers were LESLINE Scome
37 pounds of pestleides per hectare; by comparison, the American farmér
was using an average 1.19 pounds per hactare.



Trere are nuperous parallels 1n the situaticn encounterad and the
regulatory progedures evolved ag Japan and the .S. have sought %o cope
With chemipal pesticide=. The content of technical studies undertaken o
each country's management process 18 largely the zame. Each country
usillzes basically & two-step management process. Prior to commercisl
sale and use, pesticide compounds are subjected to registratien review and
assessment (ineluding necessary technical studies). Second, post-
regLstration review and assessment continue as Warranted; registration
status and congltions may be revised or ultimately rescinded 43 new
evidence on effectiveness and the impacts of use becomes available.

Foremost among the differences ig the formal status accorded to
risk/benefit evaluations in pesticide assessmenc. In the 1.5., the
special Review procedure formalizes quantitative risk/benefit studies in
the management process. There 15, however, no parallel for this procedure
in Japan. Quaptitative risk/benefit studies arg not formalized in the
Japanese pesticlde management procass. Suen analyses, when eonducted,
tend to be rather judgmental in character.

U, CONCLUDING REMARKS

Realizing that thers are exceptions to any generalizations, and that
Four oase studies and a workshop do not prowvide a oroad foundation, 1t may
nonetheless be usefl to compare rlsk management ih the U.5. and Japan
along gseveral gimensienz. We found 1t useful te compare the approach to,
and the structure of, risk management and draw o0vious and non-obviaus
1rplications.

Lpprosch to Risk Managemenb. MWe can compare the Japanese approach,
which tends toward negotlation and admiristrative guidance, with the U.5,
appraach of smnagement by regulation. Much has heen mage of the Japanesé
ability to operate by zonsensuz rather than law. In some cases, This
tendency is regaraed envigusly, as 1t the tendency to regard management-
lapor relations and business-government relations in Japan a5 operatlng
more smeobhly than "adversarial® relations in the U.3.

We found that informal coordination was practiced more widely 1ip
Japan than in the United States, so there & 3ome basis for accepting
these generalizavions for both the U.5. and Jspan. Tne Japangse oo
practice a more coardindtive appraach Lo risk management, while we need
remind no one of the adverzarial and sometimes acrimonivus relations
bebwiren regulakors apd regulated in the H,5.

Risk Management Structure. Japan has an informal approvach to risg
management that utilizes an ad_hoc committee evaloation. The committee 15
comprised of experts in the given area, and tae carmLttee's resulbs are
not publiely gizclosea, The risk management structure, in Japan, Cends oo
be centralized.

Zy congrast, un the U.5., risk management 13 more formal, open, and
information iz widely disseminated. A&lthough much of the strugture 1s
sentralized in the federal govermment, many of the federal laws encourage
decentralization of authority to state agenciea. Furthermcre, local or
state Jjuriadictions emact regulations that may be more ztriet than federal
regulations.

Riask analyais and wanagement are insbitutionalized processes in the
United States. For example, 1n the case of pesticidea, the FPAR process
not only provides for risk analysis, but also for risk/benefit analysis,



There is no institutional analogue in Japan. The same goes for users of
restricted pesticides: certifleatlion [s required 1n the YU.%5., bek not m

Japan.

Centrallzabion/decentralizacion 1% also lmportant 1n the doevelopment
of risk issues. 1in Jdpan. loeal interest groups, supperted by the masa
mediz, tend to bring risk issues into the pgovernment's awiren?ss as
gemonstrazed by the blood lead porsening ingident of newspaper werkars, in
the lesd case study, and the water guality of Lawe Piwa in the detergents
case study. In the U.S., issues tend to gain rational recognition through
organized natiomal interest groups, such as the Environmental Resouraewn
Defense Fund whieh [nikiated the aw sults resulting in lead regulatiam
under the Clean Alr Act.

Obvious Implicatians. Given that Japan reliss en negotiatlan and
coordimation to manage technaloglcal risks, Japan appears to have a system
which is effielwnt 1n the pooncmic sense. [ssues would not tend to become
a matter of publie debate, but instead be a matter of negotiarion between
parties which are relatlvely "expert,” that 13, risk prodicers anc risk
regulacora,

In contrast, the U.S, appears adverzarial and tkerefore inafficient.
Relations between risk produgers and pisk regulators tend to become
confrontational, Many lasues oseame 3 matter of publie debate, and afbes
interest grouns have become involved, there may be some rlsk that
soientifis 1nput Ioses Lnfluence (n the public debate.

Non-Opvioug Implicatigns. At the amme time, e need to azk whether
thnere are noN-cOViOUE 1MpLIBaticns 1n = vonsensual versus ap adversarisl
approach. It appears there may be. We found that Japanese participants
in the worKshoos continued to mentioh the lack of public eonfidernce tnak
the Japanes2 government was doing a geod job of protecting them from
rlsks. Because the debate was most aften "pehind clesad doors,” nathung
appeared to be happening. Therefore, publip percepr.on was that riaks
were belng elther miid-managz=c ot SLMplY not managed at all.

By cocttast, an open, more adversarial approach in the U.5. at Zeazc
created the public perception that rizks were being dealt wiZa. Of course
there iz always the strong possibility that rlsks would ae percelved as
being mismanaged. but less posslbility of a pub.ie perceptlon rhat nothing
at all was being danz.,

This study comparing technological risk management 1n the U.5. and
Japan is patrt of a small, bub growing literatura on cross-national risk
management comparisoh. As mentionad sarlier, Lester lava and Joshua
Menkes have expiored risk management .n the (L3, and west Germany. 1In
addition, Ron Brickman, 3heila ~asanaff, and Thomas Ilgen have completed a
study which compares policies for regulating toxic chemieals in tke U.3_,
Britaln, France and West Germany,

These studies are useful but just scratch thie surface. There 1z a
need for both research breadth (more countries entered inte a comparative
framework) and depth (=@ore tases, and a more Flnely-structured framedork
with whlch to analyze tases!.

Atbempts are being made to deveiop a secona L.5.-Japan workshop that
woultl examine the technieal aspects of risk asgessment nm noth
countries. With this study of risk management as a background,
examination of technlcues regarding r1sk assessment would provide the
basiz for further zciensifiz and technical exchange between Ehe tw2
couakries.,
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KISE SVALUATION OF HAZARDOUS wastE DISPOSAL

SITES USING FUZ2ZY SET ANALYSIS

Randy D. Horsak Sam A. Damico

NUS Corporation S.4. Damicoc & Bascciates, Ine,
Houston, Texaz Hauston, Texas

Evaluatian and ranking of econtrolled hazardeus wazte sites can be
made using a relatively new technique referred toc ags Fuzzy Set Analysis.
The methodology predented is appiitable ko multiple alternative decision
making, when criteria are of wnequal importance, and is based on the
concept of establishing a subjective value for each alternative according
to cach eriterion, and then raising the subjective waliue to a power
commensurate with the relative importance of the criterion. This
exponential weight s caleulated ot the basis of a preferentlal analysis
of criteria comparisoas. #&part from ranking the alternatives, Fuzzy Set
fnalystis provides a gquantitative representation of the community oapinian
of the order of importance af the criteria, ragardless of the sites being
conzidered. Based on the importance factors averapged from a cross section
of the community, publie aoncern eould also be ranked.

KEY WORJS: Bisk, Hazardous Waste, Fuzzy Set, Ranking, Subjective
Variable, Alternative Decision Making

INTRODUCT IOH

Under the Hazardous and Solid Wastc Amendzents of 1384 (Section 3019
of RCRA}, owners of hazardous waste dispasal sites using landfill
operations or surlace impoundments are required to amend RCRA Part B
permit applications to inelude informatiom en the potential for the publie
to he exposed Ho hazardous wastez as a result of thelr operatigns,

fccording ta the EPA's puidance manual, the owner should draw
gonclusions regarding the potentlal for and possible magnitude of human
gaxposure fram both normal operations and accidents at or near the urit(s}
of poncert, for each unit and for each pathway. The ouwner snould alsa
discuss the potentlal for direct humsn exposure and the potential for
human exposure from the contamination of fuod chain erops. In particular,
the owner should deserlbe the site-specifie location, design, and
oparating facters that reduce the potentlal for releases as well as
factors that increase the potential for guposure.

To comply witn EZP4 guidelines, an analysiz should be performed for
each of the following potential esposure pethways:



groundwater

surfdce water

sonl

air

subsurface JAs re.sases
transporatlon-related releases
worker-management practices

L3 was the case for the implememtation uf CERCLA (i.e., Superfund],
the EPA may be reguired vo 1dentify the facilities warranting the highest
priority far remedial aetion. When setzing priorities, oriteria may be
established pased on relative riszk through the Hazard Panking System (HRS3)
or 4 similar model. The ramifications of submitting exposure Intarmztion
could range From "no action® by the EPA to complete shutdown of the
facility.

Matriz Evaluation Analysis

Numerical matrii approaches, such as the HRS, have been used to
evaluate and rank magardous waste sikes in order to prioritize remediacion
efforts. Due to the non-guantifiable mature af the criteria, these
gatr.ces are Aullt using subjective values whose unitless natures recuire
khat bthe walues be weighted according te the importance or significance of
the eriterion, Consequently, he values are adjusted to account for the
inequaliby of the er:serla. Several techniques are wsed to welght criterla
values, and each attempts to reach a decision Witk a mimimum degree of
o1as. Thes use of a priori assignment of weighting factors has been wadely
usea in repent years. This approach involves asaigning tho priterin
waights by the study ream based upon experience and knowledge of the
eriteria.

fmother popular approach is the "Delphi Technique” of gachering a
diverse assemoly of individuals whi, as a group, assign weights Lo the
eriteria. Follawing the criter:za weighting, the values for each
alternative are adjusted accordingly, and the sitez are then compared,
MEensitivity tests" are perfarmed by changing the aoriteria weights or
oriceria values, or both, to determine if the final site randlog is
changed by these slight adjustments. The purpose of the sensltlvity test
15 to lntroduce tke aj=ment oF tolerance limitz to the 3nalysas.

Regardless of the 1nherent shortcomings, 1t ls apparent that
auhjert.vely-baged, welghted matrix analysis represents the state of the
art for alsposal site evaluation 1n boday's regulatery environment. Thus,
it remains Industry's responsibility to seek uéw approaches to lmprove the
methodalogy to provide better and more rellaole declszana.

Fugzy Jcb Analvsis

At best, the decisior tg dlstingulsh one site from several
alternatives can be a tertuous and time cowsuming =fPect.  Advances 1n
decisicn theery and the availability of computers to stare and manipulate
large amounts of information can sumplify this effort.

One metnodology (Yager, 1977) recetilly develvped for multiple
alternative decision making, when oriteria zre of unequal impertance, is
based on the concept of astablishing a subjective value for each
alternabive agecrding to each criterion, and then raising the sublacbive
value to a power commensurate with Lhe relative importance of the
oriterion. This exponential weight is caloulated on the basis of a
preferential analysis of eriteria comparisona.



b detailad review of Fuzzy bHes dna_ysis can be found in Zadeh {1973)
and Kaufman (197o). Briefly, Fuzzy Set imalysis refers Lo 3 oouslderation
oF mulLiple altornatives according o multiple cr:Zarid, khen rhe number
of elternablves and eriteria 1s small, the human mind is cdpap.s ol
tgoeping things in order': kousver, when the alrernatilves or criteria are
pumerous, the "fuzzinews"™ af Tie matrix 13 pronounced so thal significant
ynformatilon 1s either suppressed or {ghored. 7o 'e&medy thi.. the relative
jmporcacee of the criteria 1s determined in a separact mabrix analysis and
,s applisd as a veotor welghting to Lhe alternatives. Yager's procoducs
to determine the relabtive wmpertanees of the criteria is Lo calcusale the
gigenvector aof the maximum elgenvalue o' a matrig of paired comparisons;
this is done acecording to the importance ol ane critericzn ayer another,
Jher only tho2e tho criteria are considered.

TABRLE 1

S8ITE EVATUATICH CRITERIA

« Groundwater

 Surface Water

* Aip

w Spll

« Subsurface Gas HReleate
» Transyortation Release

» Worker Practice

Case Study

To 1llustrate how ¥Fuzzy Set fnalysis may be .sed, ronsider the
follewing kvpothetical example. Hazwaskte Disopsal Company (HDC) owns and
operates J1ve commercial landfills. As a result of the RCRA :eqiirement
for exposure inPormation, HOC submitted reportz te the EPA for wielr
aonsideration. However, HOC “as also elected to further caplore the
nature of the risk at each of their frwe landfill=. Because of limited
tize and money, HDC hopes te detvermine the pature af tke v_sk at each
s1te, prioritize the risks among gites, and then undertake a orograr of
corrective aection, of necessary.

Table 1 lists the site evaluation criteria, and Taale ¢ summarizes
the parametars analyzed within cach eriterion. The numerlcal ratings
shidn 1n Tzole 3 are the result of extensive analysis perforaua oy
technical experts In their respsctive flelds. In many instances, computer
models were usen Lo predict pc.lutant concentration levels at wvarious
receptor polnts in arder to realistieslly compabs s1tes.



I'aBLE 2

SUMMARY OF PARAMETERS FOR EACH EXPOSURE PATHWAY

AIR

Observed teleases
Waste Characteristics
Waste Yalume

Demographic Distribution

Target Receptors
Land Use

GROUNDWATER

Obsetved Releases
Depth to Aquifer
Precipitation
Permeability
Physical State
Containment

Meteoralegy - Wind Spe=d and IHapersion Waste Characteristics

Waste Yolume

SURFACE WATER

Observed Releases
Terramn
Precipitation
Flaoding

Distance to Surface Water

Physical State
Contanment

Waste Characteristics
Waste Volume

Target Fecepters
Surface Water Use
Ecosystems

SUBSURFACE GAS

Observed Releages

Wasts CharacLeriatcs
Waste Volume
Demographic Dustribarian
Target Recepiors
Meteorology

Water Well Use
Subsurface Soil
Characteristics
Target Receptors

SOIL

Observed Releases
Terrain

Permeability

Physical State
Containment

Waste Characterlstics
Waste Volume

Area Land Use

Target Receptors

TRANSPORTATION

Observed Accidents

Waste Characteristcs

Waste Volume

Routes

Demographic Dustribution
Target Receptors

Land Use

Transfers

Containmeant

Management Tramng Practices

WORKER

Dbserved fooidents

Waste Claracteristics

‘Waste Volune

Accessibiliey

Containment

Target Receptars

Marumgement Trawning Practices



TAELE 3

SUMMARY OF SITE RATINGS

Exposure Willew Road Broadileld Osage Weston Fairfield

Pathway Site Site Site Site Site

Alr .7 A . .6 g

Groundwater B T S A &

Surface 7 7 4 5 4
Water

Soll ) & .3 .9 -3

Subsurface J B .6 9 3
Gas

Transportation & & 2 9 KA

Worker 2 .9 9 9 9

a1 5l 3 kN 5.1

To determine an average cpinion of the relative importance value for
each of the T criteria, 19 imdividuals were selected as a representative
cross sectilon of a typlcai commnikty. Each individual was asked to relate
his or her preferences in paired compariscns of the criteria. The
ergenvector of the maximum =i1genwvaloes for the matrix of paired
comparisons was calculated, and b mean vaiue for each criterlon was used
as an exponential weighting factor for the data listed in Table 3. By
weilghting the ratings for sach slke acceording to the the importance
factors of the selecticn c¢riteria, no single criterion may de consiaered
more important than ancther when censidering the merits of an individual
slte., Therefore, any oriterion from = 3ite may ke compared to the sama
{or any other criterien for anobher site) on a numerical basis.

As an illustration, 1f wa consider that the worst chain is the chaln
with the weakest link, then the same logic can apply to the site
ranking. Tn other worda, we Will review only the lowest weighted valugs
for each site, and rank them aceordlng.y. The results of the combined
analysig are presented in Table 4,

For the flve sites, the corresponding decision vaiues 1ndicate that
the "worst" site is Weston, followed by Fairfield., Wiilow Road, Osage, and
Broadfield.

Apart from concluding tha rank of each site, Fuzzy 3et Analysls
provides a quantitatiwe representation of the community opinion of the
order of importance of Lke criteria. regardless of the sites being
consldered. Based cn the _mportance factors averaged from a c¢ross section
of the community, public cancern wWould be ranked acecording to the order
presented in Takle 5.



TABLE 4

SUMMARY OF DECTSTOM VALJES

Exposure Wiljow Road Broadlield Osage Teston Fairfield

Pathway Site Site Site Site Site

Asr J30e 5277 5277 2384 3599

Groundwater B337 T3 3422 2423 4537

Sutface B532 8532 7967 J34e 7967
Water

Saal 9231 8059 L9031 9031 31

Saybsurface 3998 Je2Y4 3595 .9691 3361
Gas

Transportation J1E2 3632 LA632 G379 142

Worker 9171 9771 AL R-E 9771

TABLE 5

URDER OF IMPORTANCE OF CRITERTA

CRITERION IMPORTANCE FACTCOR
AIR 2.865
GROUNDWATER 1.547
SOILS 0.967
TRANSPORTATION 0.652
SURFACL WATER 0.585
SUBSURFACE GAS 3296
WORKER PRACTICE D.220

SUMMARY

Fuzzy Set Apnalysis can be used not only to rank the various waste
disposal =ites in terms of risk, hut also to Focus on the key parameters
that affect geeision making. HDC can use this technique Lw freus on
potential riska and also to prepare o strategy for site remediatinn,
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ON THE EVOLUTION CF RISK AS3ESSMENMT AND RISK

HANAGEMENT AMD THE FUTURE NEEDS

Fred Hoerger

Regulatory ana Policy Comsultant
Health and Environmental Sciences
The Dow Chemical Company

Midland, Michigan 485T4

Only a quarter céntury ago, health and ecological concerns were dealt
wish almnst exclusively by experts -« sclentists and technolepists who
re_ied upan their experience, 1ntuition, judgment, empirieal rulss of
thuro, and a semse of safe va. unsafe.

Since then, advances in medicine, toxlcoleogy, related biclogleal
sciences, ecology and analytical chemistry have resultad iIn recognition of
risk agsessment as a multidisciplinary andeawar.

Coneurrently, publie expectations for health and environmental
guallty, as well as direct and indirect publie participation, have
increased, Thus, today rigk management 1s multivalue oriented.

The case study of the arsenic smelter at Tacoma, Washington, not only
illuatrates the multidisecipline/multivalue nature of risk assessment and
rigk management, but also underscores the importance of commun:caticg and
understanding risks. Teday's roles of hazard assessor, ¢ipesure assessor,
risk analyst and risk manager, may in the future be augmented by the role
of communicatpr. The need for improving the baszes for risk assessment,
risk management, and communication of risk information is well recognized
by today's leaders in these professlons. Howewer, existing cfforts in
research, pllet programg, and think thanks are limited and fragmentary.

It is propozed that significant progress carn coce in each of the three
fliglds by a collective identifiecation of actign ariented programs

The papers presented 1z this session on the arsenic smalter 1n Tacoma
provide a vivid, and rather comprenensive, portrayal of the state-of-the-
art of the risk assessment and =1:k management processes as appiled In
cantemporary society. My purpese a8 wrap-up speaker will be thresfold:
to briefly review how aur U.5. society came to 1ts present status of rosk
assessment and risk management; to characterize some important aspects af
present apalygis snd policy making; and to auggest a few factors <h_pn
W1l skape fukture policies and practices,



The Past is Prolegue

Over the centuries, as societiea have progressed from survival to
affluent lifestyles, thelr concerns for risk hawve beccoe morc and more
complex, sophisticated and varied, Food adulterstion, water and food
=manitationr, parbiculates 1n air and drug efficacy were the major concerns
Fram the mid-nineteenth to mid-twentieth century. (1} Many croducts of
today -- pesticides, plasties. brake flvids, solvents, antibioties,
surfaetants, giues, synthetip [1bers and aerosol personal care aids, for
example -- simply d1d nat exist Lo 1945, (32} At that time only the
experts and scicnce fiction subis envisioned nuslear power, ilnteratate
highway systems, television, electronics, the space age technologies and
the medical practices of today.

The technological advances sinece 1945, however, have spurred great
expectabions 1m terms, not only of material goods and services, but.also
in the interests of kealth, ecolegical balances and environmental
gsthetics.

The eontroversies, debates and deoisions ower nuolear energy,
automotive safety, worker health practices, the "chemical of the menth,”
alr, water and land pollutlon, all invelved identifleation of new hazards
{real or potential) and a ratcheting down of public norms of =safety
expectations.

Concurrent with these recent rechnological advances and the
heightened sophistication of risk concern=z, we have significantly
increased sur reliance oh government For desling with these health and
environmental matters -- and our whole style af decisionmaking has shifted
-~ until about 1965 the relatively few regulatery officials wers regarded
as experts. The agencies were staffed largely with seientists, analysts,
and technolegicsl engineers who relied up judgment to determine the safe
ar the unsafe; quasl-scientifie rules of thumb such az empirical safety
factors, augmented Simple data basea and analogy to related phenomena and
intuition, As 1ssues became more compley, Logle and decision-analysis
decislonmakers and/or means of rationalizablen. #& considerable bedy of
literature emergad 1n the seventies dealing with federal analysiz for
decisianmaking.

The increasing role of government has drastically inareased the
complexity of our decislcm process, The numercus laws have decreased the
flexibility of the decisionmaker. The Delaney Amendment to the Food, Drug
and Cosmetic Ack prescribes a way of managing the risks of carelnogens
intenticnally added te the food supply; the Clean Air fet prescribes a
standard of protection for hazardous air pollutants, the Occupational
Safety and Health Act presgribes standards to be baseq on feaslbilily.
The rongressicnal and pelitical pressures have assumed a smignilicant
portion of the risk management function. Perhaps even more moteworthy has
been the evolution of the publip participation function in regulatory
proceedings. ({1) Self mocivated, nonstakeholder Individuals and groups
have evolved, public kearings are prescribed by law, and stakeholders
berome advocates and adversaries.

The final aspect of our historiecal perspective which I would 1ike to
pention 1s the rale of technology itself in increasing our abillty to
datect iong-term or low-level hazard petentials.

finalytical chemistry permits the detection of substances at the part
per billion, part per trillion, and even the part per quadrillion level,
However, toxicolapy and the related blologleal sclences are relatively
new, still largely empirical seiences without an underlying base of



integrating theory. Epldemiolegy and exposure monitoring lovelve
laborious studies. Censequently, our study of adverse health effects has
rocused on identification of possible risis and this capacity far exkceeds
our ability to elucidate and interpret the significance of the
possibilities.

The case study of the arzenic smelter further illustrates the
unfolding saga of society attempting to deal with risks. The smelber
firat became operatiomal im B8990 to fulfill a raw material need and
reflected the go-west and frdustrial revolution mentality of simply
producing a product and having jobs. It is interesting that the first
study of the health effects of arsenic was reported in the English
literature about the same time that the Tacoma smelter Was built. (3)
aeezpabional health, particulate control, and finally chronic nealth
evalved as concerns largely sinee 1945, coingident with advances in aur
acilence and underatanding of health and environmental effects. The roles
of EPA, OSHA, and state government certainly beeame g{gnificant since
1970. And more recently, public particlpation has been direct at the
local level, and indirect through influence on formation of nabional
policy on alr regulations.

In sumsary, evelution of U.S. administrative procedures and
pongressicmal mardates during the past two decades has directed the
regulatory agencies toward probabilistic ztatements of risk. However, much
of the concurrent public amd media discussion has been in terms of risk or
no-risk with limited facus on the significance of low probabilities,

The Present Status of Risk Assessment and Risk Management

I wish to review several selected aspects of risk assessment and risk
managament in order to properly characterize our complex decisian
process. My points of emphasis are those which I believe set the stags
for improvements in our predesics.

1, Risk assessment is distinguishable from risk management, Today we
utilize risk assessment and risk management as a framewcrk for thinking
about decizions. The National Academy of Sciences (HAZ} highlighted this
distinckion tm 1983, (4) I believe the distinotion is an Iimportant ome.
Fisk assessment involves the generation, collection and evaluation af
aalencifie apmd fastual information in order to characterize risk as
objectively as possible, Risk mgnagement, in contrast, involves declsions
in a broader context -— smocial, econmemic and risk values. The two but
interactive, Figure 1 illustrates the interrelationship of risk
assessment, laws and social values as inputs to a risk management

Figure 1



or by upper bound and lower bound escimates of risk, I'11 hedge my views
on the future by presentlng three scenmarios of the future but let you
place your estimabtes on each acenarlo,

The first scenario lnvolves a snall's pace evolubtien from Lhe stabos
que by simply trying to refine and add on to our present approaches. The
diseipline of risk analysis will inca Forward; more screening for hazards,
empirical Fitting of mathematigal models to empirical data, improved peer
review, and slow tranafer of findings from molecular niplogy to risk
assessment problems will be Involved, Risk macagsment will wvacillate in
its re.iance upon the politieal process in contrast to the gxpartise ang
wigdom of science, engineeripg, and egoncmics, Bub the trend will be
toward Lnnavative approaches such as unilaceral corporate declsions to
minimize risk, negotiation and resolution among stakeholders or at the
community level, and adminlstretive tribupals to lighten the loads on the
courts.

‘The trend to an informed public will continue, but in a haphazard
manner. Information availability, media sensatlonalism, communication and
promotion by adwecates, and bhe wark of educators may well increase, but
it wi1ll be capped by two factora -- the availability of resources and the
publie’s ability to rely on commen sense in terms of the relative waight
to be givenm values and in thelr ability te decipher the relevant fram the
trrelevant.

In this muddled =zeenaric of the future, perhaps the greatest progress
will come {rom the enkanced ability to manage informatice provided by the
camputer systems. The ability to file information, to retriewe LE, to
analyze vertically, horizentally, amd for specific criteria and properties
are only now coming of age for the data bases used by risk analysts.

These tools will praovide new typothesea and focus mucn more discussion op
inconsistencies in estimates, logle paths and Lhe messages of the
pammunicator,

My second scenario inciudes the peobatllizy eof disecontinuities. Fiest
the topics of the risk agenda could change dramatically. Have the raisk
assessors of today amalyzed the probability of oll from the Middle East
veing shut off far a six month peripg or a twe year period? It seemz that
Eh1s year has s@en a very notlceable inerease in the number of air
transportabion fatalit.es and the damage from storms apd earthquakes. Are
these apparent 1ncreases random deviation=, or flaws in our pagt
statistical counting ard estimating? Or, consider tne plausibility of
terrorists tinkering wikth our storage depots, communication and electrical
swibehlng polnts, or our waler reservelirs.

On the eptimistic side, 1t 13 plausible that sigmificant
breakthroughs will come in the biological scisnces -- cancer researchers
continue to be optlImistic on finding curez or real prevention sftrategies;
genetic engineers ahd investars have gleams in their eyes for naw
pharmsceuticals, safe pestleides and microorganiams that solve waste
elean-up problems. The Health ané Human Service® [apartment has recently
formulated a natlonal pelicy which stresses problem solving in
anvircnmental health ressarch; .nterpretation of problems might eatch up
with our rate of probliem i1dentification.

If any of the above events occurs, we will ses a shift in our agenaa
of risks -~ For the glaoky possibilities, many of Today's low level risk
dabates will fade into @blivion. For the mgre optimistie breakthroughs,
the serutiny of new lands of rizk pesed by the new technologies and
societal activities <~ould follow,



Incidentally, it would be interesting for analysts to compare the
probabilities of ocelurrance of some of the above events with the
orobabilities for a few of today's concerns and bo examine the relative
sroportion of natianal rescurces currently devoted to the different risk
hgbentlaLs.

My third scenario involves what T call a vollective actlon agenda for
improvement in risk assessment and risk management. It is based on the
premise bhat We can enllectively do much better than the fragmentary
gnal.'sS pace scenario, and that a collective action plan wWill help sgeiety
deal with the discontinuities of the future,

It seems to me that the needs for improving risk assessment, risk
management and risk scamunigation are well known and generally aceepted.
In the Fleld of environmental health, three blue-ribbon reports of the
past year articulate needs for research to improve the basis of tlsk
assessment, The reports from a Task Force IJ1 growp, from a panel of
experts convened by the Council of Environmental Quality and the HHS
paministration all articulate very aimilar needs. (6,7,8) These reports,
however, stop short of defiming an action plan or in defining programs
that fib inko résults oriented institutional programs.

Similarly there is general dissatigfaection on our present approaches
to risk management. Stewart, a Harvard law professor, recently pointed
out the shorteemings of coemane and cobtrol regulations. (9) Congress 1s
frustrated by Ehe slow progress on waste slte cleap-up and in the bime to
write regulationz. Clean Sites, Inc., a private sector enterprige was
formed by industry and environmental groups to augment the goverument role
in cleaning up waste sites. Mediation of envircomental praslems has
occurred at the community level in recent years, Pilot programs to
negotiate propoged rules ars undsray at DSHA and EPA.  The Dubos Center
will mold a workshop later this year to explore ways that the private
sector can augment the government rele in control of hazardous
substances. All of these are embryonlc attempts bo make risk management
more cost effective and timely. William Ruckelshaus oas, on several recent
oceasiony, emphasized the nsed to do analytical work and to synthesize new
eonoapts for dealing with risk.

Finally, the emerging recognition chat risx commnication and
education need investigation has already been stated.

is a generalization, the current approaches to all these need areas
are .argely fragmentary, single individual or zingle institution progests.
cften justified prineipally on the basis of other "more expedient" ghort-
term goals.

My challenge is, lnstead of more conferences on the needs of risk
aggesgment , management, or communication, we should prganize workshops
that focus an such guestions as: Assuming a large yearly budgeh, what
specific research programs should be initiated %o improve the basis of
risk assesament? The basis of risk management? The improvemcnt of
understandlng of risk phecomena? Froductive ideas for progress will come
only 1f we change zome of our meetlngs -- the topies must focua on the
specifica of acticn programs, the participants must be those who generate
new ihfarmatilon and those which represzeént institutions who can cepley
funds.

I believe we canh make real progress in the quality of risk decisions
and the utilization of our limited natiomal resourges 1f we develop action
orieated pregrams -- research, pilot effort and policy concepta -- that



explore and test the already largely defined needs. Collective agendas
that incorporate and augment the current [nscitutional efforts Wwill
catalyze interests and support. The alternative to real progress is the
muddled snail's pace scenarie and limited nationat capability ta
anticipate and plan for the disecntinuities of the future.
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