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ABSTRACT

Recent efforts by the Qecupational Safety and Health Administration
(0SHA) to negotiate an agreement on a revised standard for occupational
exposure to benzene represented an important initiative by the Agency.
Inereasingly, the Government is seeking more efficient and effective ways
to establish health and environmental standards, and negotiation 1s a
promising alternative for premoting this goal. While use of negotiation
in rulemaking proceedings 1s new, negotiation has been common in other
contexts for many years. It is important, however, not to assume that the
lessons learned in these cother contexts can be appliied automatically to
rulemaking negotiations, The paper discusses some of the most significant
distinections among the different contexts in which negotiation oeccurs.
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INTRODUCTION

In 1978 the Occupational Safety and Health Administration {OSHA)
promulgated a new standard lowerlng the permissible exposure limit (PEL)
to benzene from 10 ppm to 1 ppm. The revised standard was challe?ged in
court, and ultimately the Supreme Court ruled against the agency. The
Court rejected OSHA's contention that the applieable law permitted the
Administrator to reduce the standard simply because benzene is a
carcinogen and there 1s no proven safe level of exposure. The agency had
to show that exposure at current levels creates a significant risk that
would be significantly reduced by the new standard. OSHA's failure to do
this meant that it had not met its statutorily-imposed burden of showing
that the lower standard is "reascnably necessary and appropriate.”

#*

This paper expresses only the views of the authors and does not
necessarlly represent the position of the American Petroleum Institute or any
of its members,

1Industrial Union Dept., AFL/CI0O v. American Petroleum Institute,
448 U.s. 607 (1980).



ko lowing This deeitsien, CEBA could have reoapened Lhe progecailng o
introduce additinkal avidence or she significant cisy point. 1t chose not
te do so, however, and the 10 ppm stargard remalngc n foree,  [n 19H3
352 recelved pEbibions from labor and public interest groups :$%1rg 1t Lo
reviz's the .s»ue and loker Lhe PEL.

In the period betwsen the Berzeme rase and she 1943 petitionz the
government had ceveloped an increaming interest in the coneept of
"regalatory negetiation.”  This 1S the idea that {n some 1lnstances an
agency might develop :caulatizns through negetlations among all the
intereated parties (including the agenuy) rather than threugh formalized
rulemaging proecsses. The arguments Por and against "Reg Nag" are
complicaiec and we wkill not try bo recapitulate them here. FProbably the
mest complete treatment 1s She 1931 —eport that Phillp Harter wrote for
the Administrative Conference of the United States, and anyone wanting to
axplore the toepic in more depth 1s urged te consull that wark. Far
present purposes the important point 1s that the 1dea of Reg Neg was 1n
the air and some 28H% ataf® members had become interested in its
possibilities.

The 1383 petitions asked for not only a revised PEL but for an
Emergency Temporary Standarag (ETS: 23 well. OSKA denied the request for
an ETS, but 1in the course of doing so 1t sommilted 13selfl to a proceeding
te 1nguLlre inke the rerd for a lowered PEL, Furthermote, O3hA zinouneed
1z3 intention ta fellow a stringant schedule For the rulamak.ng A final
rule was to be 1n place oy June “G84,

This was *he context in which OSHA suggested Lo A numper af
Organlsatlons 1aving 3 stake v the 135ue that they meet and axplore the
possibility of nerst_zbing tae pravizions of a propesed rule that would be
acceptable to the parties and to the agercy. The parties were interested,
and the zasu:ng discussions continued incermittently frem the fall af 1533
Lo the fal> of 1984,

The ult:mate partielpants were:

Labor

Tndustrial Unileon Department, AFLSCIO
0il, Chemical and Alomi¢ Workers
Un_tea fubber Worker:

Steel Workers of dmerion

Tndustry

Chemieal Manifacturars Sssociation
American [Petroleum Instiscbs
American Iron and Streel Institobe
Rubber Manufaclurers aszsoclatLon

2nacupatignal Safety and Health Act, 29 U.3 C. § €52{8).

3Phllip Harter, *Negotiating Regulations: A Cure Sor Malaise," 71
Ceprgetown Law Jourpal 1 (1982). See also Henry Ferritt, "fAnalysis of Four
Negotiated Rulemasing Experiments,” i Report te the Administrative Conference
of the United States, Sept. 4, 1985 (Draft),




In the end bhe partles were not able to reach agreement, and so
ipformed OSHA. As of this wrikitg, D5HA has not released a propesed
revised benzene standard.

The main peint to be made rere is that in analyzing the oenzere
negotlation -- or any other regulatory ncgotiation, for that mattes —- 1t
\4 1mporTant not To ve too quick Eo analoAize the process to other, more
samisiar kimds of negetiations. One frequently hears analogies drawn
netwenn efforts to negotiate a benzene standard and:

e Labor negotiations over wages and hours

s O0SHA advisory committees and sclence adviaary parels. sueh as the
MSF or EPA'a SAB

» Negotiated settlements Im etwirarmental litigation

is a general propositlon, analogies and medels are Important and
gsefal. Used appropriately, they can give eazential atructure to an
gnfamiliar situation by providing reagy-made eipectations and behaviaral
norms. Used inappropriatery, however, they can create false expectations
phat can lead parties seriously astray. In  the authurs' view, one of
thi =ost important lessons of the benzene negotlatlon is the limited
applicability of any of the madels listed above.

Exalaining the reasons for this requires same adeciTional sackground
ar twe key aspecis of a regulatory negotiation.

The Fipst of these involves a core concept of negotlabloﬂ theory
galien DATEA -- "Best Alternative To a Negati-ted Agreement.™ Thls means
simply That esach party to a negotlation, before entering an agreement,
wlil have ta decide that the resuls 13 superlor to what it thirks will
happen i1n the absence of agreasment. If the party would prefer the
alterpative to the agreement, then of vourse 11 vas no .neenbtlve Eo sign.

In most cases, af course, che alternAcive to an agreement will nob oo
entirely clear. There will be a range of poszlble cuteomes with varying
arababilitiea attached to them A party’s willingness tp aceept an
agresment will depend on its appraisal not only of what will mest prebably
happen otherwlse but alzp of the worst Chat might happen. Dne of the
penefits of reaching agréement 1s the guarantee of aveiding the worst, and
an “roortant element 1n a negotlation is Lhe comparative risk preference
2 Taz parties. One could apeculate that a more risk averse party, all
other things being equa.. would kave a larger appetlite for aegatiabian
than & less risk aversw party Thus a risk averse parfy might unter an
acreedsqb even though 1t estimaied that iz qaa, say, 2 0% chance of
attaining a substantially better result without an agreement If the
remaining 10% reprasented 4 wery disadvantageous wubcome.

The BATNA concept had several applicablens iz the berzane
negatiatisn. Looking at the situatian objectively, 1L seems safe 1o say
that sach partigipant hsd reasan to think that negotiation mipat produss
an outcome superior to The outcume bhe participant foregaw 1f O3HA
procesded in a conventicnal manner. In sddition, =aen kad to faee the
fzct snat sgme extremely poor possible outcomes oould not be totally
discounted.

qﬁogcr Fisher & Wiliiam Ury. Gettinp to Yes, 304-11 (Hougntan MLEFlin
Co, 1981: Boston).



A1l the parties recognized that the alternative to reaching an
agreement wag an administrative rulamaking proceeding, not Lhe status
quo. They alsoc knew that a prudent participant would have ta recoguize
that O3HA would go into such a proceeding With a presumpbion that the
atandard should 2e lowered, given the agency's position of taree years
hefore,

At tha sape time, a prudent partieipant would recagnize khat an
agency desire to lower the PEL woild not necegsarily translate 1nto guick
action. As a matter of historic Fact, 0SHA proceedings have tended to be
long, and there was no reason not to thunk rhat a cenzene rulemaking would
net follow the pattern. Nor could there be any guarantee that a new
standard would survive judicial revies. The exact dimensions of the
“significant risk" standard articulated in the Benzene case remain
unclear, and there was always a chance that the agemcy could go through a
lengthy rulemaking only to be overturned again.

Given these realltiaz, gach party had an ingentive to give serious
congideration to the possibllity that megotiations could produce a result
superfor to 1ts BATNA.

There 1s an 1mportant acditional BATN& issue. Histarically, the
rulemaking process has been poor at ident_fying uossibie trade-offs
arising from the differing values that affacted parfies may place an
varlous parts of a rule,

The essenca of any bargsining preocess is that people place different
values oo differant things. In a sales transaction, ta take the most
elementary example, the seller would rather have the momey than the goods
while the buyer would rather have the gooda than the moner.

In a ruLemaking contert. when Lhe parhties are consider:ng Lne
different pozsible zembinat.one of previsions 1t 1s ilkely that rthe values
they attach to the different previsionz wili vary. Corns:der an
apocupational ziposure Standard, lor example. A union may press for a tow
exposure limit with ro "awceecerces" of that level allowed,? [n fact, the
uaten may think 1t very impectant that the average level of exposure be
kept down, but rot be worricd about random exceedences. [Industry may
aress far a kipher exposure level With wide latitude [or exgegoerces. [a
faecr, it might net obacl Lo TRE 1ow exposure limlt aesired by Lhe unlon
1t axceedences were allowed.

This is precisely the stuff of which bhargaina are made, but the
parties' true poSliiens are not likely to surface in a rulemaking
preceeding, 1n whieh each feels compelled ts mairtain a kardline posture
on every (ndividual issue. The rulemakirg prowess may actually produce a
yomplrat.on of provislons representidg the least desirable suscome foe all
partles.

Th:s concept of differential wvalue 15 lmportant. It means that ewven
1f ane neglects factors like delay and potential judicial revarsal a
negotiated agreement fan be a pasitive sum game. In the right
glreumstances every partieipant can be bucter off urdsr the agreement fhan
1t would be under & rule 1mposed By an agency.

SExneedenaes are defined here as pericdic excurzions abave the PEL
put less Lban the short-berm exposure limit



The sepond important Fackor in considering the applicabllity of these
other models to negotiated rulemaking is the nature and uses of'
nfaorpation brought to bear 1n the proeess.

In 2 regotiation over a proposed rule, information 1s uvaluated by
the participants from & number nf parapectives.

an abyious consideratlon ig that each party wants ta cenvince the
ethers of the correctness of its own position, No party believes that the
others are totally ireatiomal or malevolent, If the unions could eenvinoe
industry that a lower PEL were necessary to protect workers then lndustry
would asap protesting. Similarly, if industry could sonvings the unions
that @ Lower standard was a pointless waste of money the untons weold steop
pressing for {t.

It is easy to discount this iteh te capvert the oppesibion as nalve,
put 1t i an kmpoetapnt factor in nepotiations. And, one might add, 1t can
have an effect. We all kpow how oFten srganizations or individuals will
adopt an official truth, regarded as zo obvious thabt 1t is axempt from
analysls or reconaideratlon. To have such truths questicned by an
intelligent and articulate adversary can be a valuable educativnal
experience. In the benzens negoriationm the particlpants, positions nad
hardened in the earlier rulemaking and the Litigation that folloWed 1%,
and 1t seems Tikely that all parties smerged {rom tne bargaining sessions
with new perspectivea,

Another use of informatlon 1s closely relatad o the ene diseussed
abeve, A party might not convinge an opponent of the correctmess of 1ts
views, but 1t can convince the opponent that the party itscll is sineers
In these views, and thus rot easily budged. (onsequently, information LS
cons<antly berng evaluated [n tepms of whethat b rapresents the real
riews of the party pregenting it.

In a negotlation such as the one over benzene, 1nformatlcon must also
be tonsktantly evaluated in terms of its probable impact on the agency. If
a representative of a company or a union regards a plece of informatior as
likely to cause OSHA to be moved inm one diraction or another then the
parties must consider this as Lhe bargaining proceecs,

Obviously, Solentific information i3 very important {n this centext,
since the parties know thzt OSHA will react to 1t. There are some
countervailing considerationz that may diluts the purity of the
participants' technlcal presentations, thougn. Al: partieipants have to
work wich ap least one eve on nossiole court challengas shouln the
negotiation fall. Intermedalries 1n a negotiatlon must remain aware that
the parries will have a well-Tounded fear of prouucing cubComes in 3
“failed negotiation” that might undermine thelr case ab 2 later time.

Another potential problem 15 that a partlclpant may find {t difficult
to 1udge exastly the impact a particular piece af infarmazien may have on
NSHa, The infarmation uyltimately provided to the ageney declslonmakers
flows through a filter of many layers of buresucracy. This makes it hard
for the participants to assess what will influehre the decisicnmaker, or
hew much, Consequently, Lt 15 difficult far parizipants o assess
precisely =he bargaining value of particular information. &lsa, d_fferent
ovaluations of the same laformabLob can lead to a deadlock.

This problem of appraising the value of inforcablon is exacerbatad in
the context of health and safety regulation by the immense uncertainties



wnvolved., Almost every aspect af the problem, ranging {rom the risks
presented at particular exposure leyels la the coats of compliance with
praposed rule pravisions, presents substantial and nsually 1rredielble
uneertainty. One of the moskt diffieult aspecls of rulemaking {or
negotlating) Ln the=e corditioms s develsping an apprauriite vesporss ta
the urncertalnties thab cianndt be elimirmzac.

However, thaz raises ar interesting comparison between lormaligod
rulemaking and negoriation, In rulemaking, an agency will often tend to
follow a legal model of decisionmaking in which the agency resolves
uneertaintics by making “findings of ftact" that treat anything thab 1s
"more probable than nmot" as if 1t were 100% cerraln, ano thern bases agency
policy eonclusions an these supposed "faccz." In other worda, most of the
uncertainty 15 assumed away.b in negotiation, the parties will not agree
ta such artaficial resolutions of uncertainties. Conseqguently, they are
forecad to mesk sclutions that do not depend on eliminating uncertalinkties
and Lhat would be acmeptablis across a range of possible statesz of the
world. Thi= can result in a more rejlisktie Lreatment of unecertainty than
would emerge freom the supposedly more rabional process of Tormalised
rulemaking.

4 firal importanc kina of information {r negotlaticn concerns the
valugs partlas place on the different possiole provisions of an
agrasment. dince such information delibgates the bottom line =f 3 party’s
negotiating position, zt wWill aiways be exchanged cautiously, and often
only by lmplieation. Ap lmportant part of the negobiation orocess
revolves around a party's making a tentative or partial disciosure of this
kind of :nformacion and then waiting to see 1f other participancs
reciprocate.

Information introduced Lnkto the negatbiaticg process le ased wn all of
these nontexts ak once, which crcates a very complex system. Parties arc
constantly weighing thne cbilily of 1 plece of 1nfoermatien o one COntext
versus ancther.

These tia cimenzions -- BATNA 13sues and information LSS.0es —— are
cruc.al to any effark Lo Lse other kinds of negotlation a3 a paradigm or
model tor Reg Nep. If Lhe propuosec faradigm does not correspond with Reg
Neg 1n terms of these two dimens.ons, ibs ulslit§ as a mode  1s likely to
be quite lim:bed.

fnalysis of the lhree mouels often sited as paradigms leads S0 the
concluaion that none of them 12 =zatisfacrory.

Labor Nepgzilations

The most cormonly-arawn anatogy 1s betwsan segulatsry icgoviation and
labor regssiaboons. This analogy s particelarly 3ppealing wien a

BFor rurther discussion of this problen of the arcificial elimination af
unzertalnty, see .ames Delong, "Informal Rulemaning and rhe Integrat.on of Law
and Pplicy," b5 Virginia Lad Jeview 5T, 386-47 (1979}, James Delong, "How to
Convinee an Agency,”™ Regulac.on, 3ept./Cet 1982, at 27, 33-35, See alao
Amerigan Petroleum Institute, Comments an EFR, '"Prapamed Guidulines for
Carcinocgen Sis< Assessment,” 49 Fed, Reg. 46294 (Navemoer <3, G8ul (Filed
Jan. 22, 1985}; Amgrican Petrcle.m lnstitute, Comments on EFA, "Formaidenyde;
Detarmination of Signif:cant Risk: Gdvance Motice of Propesed Fulemaking and
Notioe," 49 Fad. Reg 21869 (May 23, 19843 [Filed digust 3. "984).




regulatory negotiation invalves an OSHAL health or safety standard becuuse
the principal interesls are the same -- management 4and laber. However,
raet s are a number 6f crycial differences betweern the rwo combaxis, and
too facile a reliance on the collectilve bargaining analogy can .e3d to
serious M1S-€StiMATES of the si1zuatizn.

4o 1pitial, and 'mportant, gistinetion 1s that A reg.latory
negoTiatlon may Lnvolve many different partieipants interlocked 1n a
complex Jigsaw of comgruent acd confl.cking interests. & collective
pargalning sltuatlon vsually involves only tWwo parties, the company and
thz union The difference has a major lmpact on both BATHR and
inforestlon 133U8s.

A particularly crucial gimension of the two-party character of a
labor megobiation iz that there is no outside ageney Walting to aet 1f the
parties 39 IoC agree. At any given time, the alternative to agreement
Faclng saech party is & work stoppage and consequent economic lass,
followed by some agreement when one of the partias exhauats its napacity
to take punishment. This creates guite a Jifferent ZJATNE atructure than
ax15ts In tme regulatory context.

There 18 also less room for bargaining over differential values.
While the participants in colleetive bargaining may Tind scme areas that
present the prospeet of brading off differential values, {(work rules
versus pay rateg versus fringe banefits, for example}, for the megi part
the disagreements Imvo.ve tacgible questions of money. This teénds to make
tne game zerc-sum (or even negacive sum. Lf a logg Harx stoppage pecurs}
and t2ocees the prospeets for finding posifive sum suboomes

The nature and Jse of relevanbt informatien 1z also rather
Jifferenl. While some of the same conslderations apply ta cellective
bzrgainlng as to regulatory negotiation, such as the need to convince the
otner party that one 1s serjous and committed, many do not  The primary
differencés are, again, That 1n a lzvor negotiation there ig no
independent crtity waiting to aet, anc scientifie information and analysis
of Lrcertalnty are of lesser importance.

QSHA Advisory Committees sna Seienge kdvisery Panels

The Occupativnal Safety and Health fet allows the estahlishment of
aav’sory commlbtees te assist in standard settlng. Any asvisery cormittee
"shall include amenz its members an equal number of persons gualified by
gxperience and afflliasion Lo presert the views of the employers involved
ang of persun$ similarly gqualified to present the vIswpoint of workens
rgivea Lo An sadvisory committes 1s also to ingluce reprasentatives
of state and Federal agencies and Julside experts.

On the Face of Lt, such a group mignt appear Lo present a reasopable
Faradigm Cor rognlatory negotiation. [n practice, though, OSHA Advisory
Committees have “een used as sclentific advisory committees, conesrned
With evaluating znd acvising the Administrator on the seientific
information relevant to a standard. Thus Sney can best be considerad
tegelher Witk groups wnich are more expliclsly desigratea as "Science
Advisory Boards.”

e

7000upaciona1 Safety and Health act, 2§ [.5.C § 656(b}.



The process ol 'qegobiatien” that occurs 1n the context of 4 baard of
selentific advisers .s guite d_.fferent from regulatory negotiation. While
scilence panels are after. put sogether with an eye to obtaining diverse
viewpoints, sclentists seek prafessicnal consensus, which 1s a different
type of negotiatsan than Tz atkemphb te reconcile competing interests that
characterizea the regnlatary aegeTiation proceas. Soientista are
attempting to reach consensus on sechnical matters according to certaln
well-defined canons of _nquiry. & certain amount of compromise may Lake
place, but the scope far horse-traacing 1s severely limited by the nature
of science Ltself.

In addibion, 3 solecce panel is not erpected to develep a rule which
an agency can then propose forthwith. Almost always, it is expected that
other consideratians, such as cost or technical feasibility, will have to
be combined with the scientists' judgment to produce a finished product.
{For example, the Secience Advisory Beard of EPA reviews the agency's risk
assessments, but is not asked bo comment on the risk management decisions
that flow from them.}

Furthermore, a failure of an advisory group to reach agreement does
rot mean that the agenoy will automatically act, or decline to aet, to the
benefit or detriment of the negotiating parties.

'n terms of our bwo axes af comparison —- BATNA 1ssues and
information use -- 1L 15 difficull e find any significant similarities
between science advisory grouns and regulatory negotiation. The only
point of comparison seems o 22 thit both will, on occaslon, make use of
selenti1fie informatien. -n act, Lf one were o find that the principles
applicable to reg:lataty negoblat.en were (n fact relevant to the
optrations of a scienc= .dvisocy hoard, ane would be gure rthat rthe bourd
was acting ag a pelicy maling Body, not as a serentifie counselor.

Negotiated Settlements in Envivanzental Litigation

In several respacts, this zualogy is better than the others. Here,
as 1n regulatory nsgotlaticn, If kha negotiations fail then an institubion
with authority over the partzes Lo the dispute will resclve the issue.
There 1s alse substantial secooe for the Interplay of differential
assessments of the ralue sf different segments of a proposed settlement
and for the development af apsitive sum games 1n which everyone is better
of f than they would ke If the authorizy impesed a setilement.
Congequently, many of the mame BATHL Incentives are at work as atcoc
DRPETATING LN & reEuakory negotiabion.

Some of the :3saes 1nwoliving the use of information are also similar
to those that exist o regulazary negotiation. The parties must assess
the potential impast of informabicn on the outside decisionmaker, and must
alsc assess the ubility =f _nformation in various contexts. There are
FubstAnGial uncerbalGIlES aver «8y L3BUes

In one respect, Thls analogy Fal.s -- the issues 1n a specific piece
of environmental lit gation are .sua.iy more narrow than those in a
rulemaking. In a rulema<ing, the guestion 1s usually, "What should the
standard be?" In a lawsuit, the cueskion is more likely te be, "Given the
standard that cxXisks as a redu.t of a statute or exiating rule, has 1t
been viglated and what should aappen as a result?" The uncertalnties more
often than not 1nwolwe Auestlons of factual proof and timing more than
they involve fundamental questicns of science, econcmics, and values.
Consequently, there 1s less scope for compromises that leave both sides
better of than they wauld gg under an impozed melution. There L8 also a



considerable difference between the yinds of information relevant to thlﬁ
type of negotiation amd the kinds relavant te a negotiation over a rule

For the reasons stated. none o these oft-suggested paradigms .s
arrectly on potnt, Taere are, however, enough similarities ©o create a
pemptatlon LO ANAJOELLE IRTWLCT Tami_lar kinds of negotiatlon and tne
regulatory situation.

The limits on Tnese analogies must be kept Firmly in mind. [F
regulatory negotiatiom Ls to ba useful in the future, it LS important that
pyaryure interested in It heln dewelop our undersldnding af the nature and
dynamios of the process. Relying on aeductive, but only partilally
applicable, paradigas will lead te unreasonable expectations and
disappointments.

The importance of maintairing a realistic view of regulatory
negoCiation 15 showrn py events since the end of tne benzene affair. &
lively literature of evaluation has developed, much of it directed at the
question of whether the negotiagtlons "supoeeded” or “fatled." AS A makter
of fact, there seem to be Far wore people interested in helping perform
the autopsy than ever worked Lo leep the patient alive.

The end poilnt scugnt im the henzene negotiation was a draft proposed
rule which would then bava moved Ehycugh the normal admibistrative
structure of proposal and [lnal rule A5 stataed at the outset, the
parties were not ab.e to achieve this, and to this extent one could say
the process failed.

On the other hand, The partizs did work towards some creative
solutions to problems 1h a less adversarlal setting than exists ina
conventional eulemaking. The underakapding of the problems attained
during the negotiatizns will eerbainly have an 1mpact on Lhe rulemaking
proceeding when it Finally commences. The efforts during the negotiations
were marked by a more coopsrative spirlt than had characterized some
\ndustry/union eontacts 1o tne cagt, and tb seems fair to say that all
parties achieved a bettar grasp of Sne problems and positions of the
orners. Important leswans were learned aboub both the regulation of
benzene and the process of regulabory negotiation. In all of these
dimensions one would hase Sa Sount che experiment a Success.

Brne term "usually™ lb bkis paragraphdeserves particular omphasis, In
some cases, settlement dizcussiors: wi_l 1nfagt revolve around the broader
questic™ "What should the standard be?" andthe process can become very much
like a regulatory repstiation, In such asituation the judge may play the
role of mediater, albait & maalater of unusuallylarge authority.



TOWARDS AN ACCEPTABLE CRITERION OF ACCEPTABLE RISK

Panl Milvy

ABSTRACT

The determination by federal risk managers of an acceptable level of
carcinogenic risk depends upon many faetors. Several of the factors are
amenable to objective analysis while others remain largely subjective
and/or culturally determined. The size of the population that is at risk
influences our perception and analysis of what level of risk constitutes
an acceptable risk. The rate of risk and the total or population risk are
often used tneritically or interchangeably to express risk. Yet the rate
of risk and the total or population risk seem to modulate our notions of
what level of risk is perceived as acceptable. This general problem Is
explored and an approach for the resolution of this perplexing situation
is suggested and compared to empirical data.

KEY WORDS: Acceptable risk, Populaticn visk Individual risx, risk
Management, Carcinogenic risk

The paradox is a way station to knowledge. It implies some degree of
insight into the way the worid is and the way it works. But the
inability to resolve a paradox attests to the limitations and the
incompleteness of understanding and of knowledge. By begging tc be
rgsolved, the paradox is a reflection of the dichotomy  between
appearance and reality, between our limited Know.edge and  our urge to
understand ever more deeply. Perhaps paradoxes confirm that gseientific
efforts are squarely placed at the interface of knowledge and ignorance.
To resolve a paradox is to move forward in the never-ending struggle to
understand better the world in which we exist. Paradox is but knowledge

in the making.

*Environmental Pratection Agency, {WH5624),401M Street, SW, Washington,
D.C. 20460. Theviews expressed are entirely those of the author and do not

necessarily represent those of the US EPA.



The new diseipiine of rlsk management abounds in paradox., In this
communication I examine one aspect of a central conceptual provlem of risk
management that has been analyzed many times already. The problem I
address 1s that of "aceeptahie risk.” In the phrase "acceptable risk"
there exists a tension between the noun "ri1sk" which in principle can be
objectively measured and the adisctive "acceptable” that medifies 1t and
iz largely subjectiwe. Saciety's lack of consensus az to the meaning of
the term "acceptable" in this phrase leads directly to such questions as
"How safe is safe snpugh?" and "acceptable to whom; those who profit from
the risk or those who must endure 1£?" The concept of a risk sufficiently
amall or sufflciently safe co be acceptable wheén compared to ather risks
to 1ife and limb 1s atraightiforward. It ig the appllicatien of this
standard to the real werld 1n which we live and aie thact nas proven so
difficult. Attempts to define the term "acceptable risk" 1llustrate the
dilemmas and paradores that bedevil regulators and managers of risk. Risk
13 an objective. quantifiable externality. In prineiple it 1s knowable,
although the scientifie methedelogies and armamentaria presently available
to estimate ecareinagenic risk are not nearly ag powerful as we might
wish. Of yet greater copcern La bthe pecognitlon that these tools provide
no mere than a very Limited glimpse of the myriad of carcinogenie species
that we know must confront us. & recent study by the National Research
Council {National Research Council, 31984) provides a sobering perspective
regarding the efficacy of present testing methodologies on our ability to
igentify echemical rarcinogens. The NRC estimaces that of tne more than 65
thousand chemicalz im wWhat it defines to be the "zelect universze" of {ts
study, approximately 43,000 are used in commerce. The study estimates
that no toxicity information of any kind is available for about 79% and no
carcinogenicity tests hawve been conducted on 85-%0% of these chemicals.

In view of the hundreds qf new chemicals added annually te the inventory
of commercial chemleals, ong coneludes that fundamentally new technolegies
must be davaloped Lf Eb# fracticon of chemicals for which carelnogenic
information 13 available 15 not te become even smaller. Automated short-
term mutagericity %tests Shat correlate fairly well with animal bicassay
studies to predict mammalian carcimogenicity are already a viable

option. As the fmes test 13 improved or as other rests tnat may
complement and/cr he superior bo it are developed, this would become an
increasingly attractive and cost effective approach.

We acknowledge, therefore, that however formidablie the obstacles
faced by risk analysts mar ks, 1n prineipal cancer risk from man-made
carcinogenic chemlcals ¢an be measured quantitatively and 1ts impact on
mortality evaluated objectively. But it 15 a differcnt matter to
determine ampiricaily or define abstractly a lgvei of acceptable
carcinogenic risk that .s 1tself acceptable to society at large. The
notion of "acceptasility," as zlready noted, 15 largely subjective.
Dictionary aefinitipns themselves revert to subjective terms to illustrate
1ts meaning. Neither cietionaries nor experts can be expected to agree on
this term, nor on the criteria that can best be used to evaluate 1t.

The public generally doez oot estimate or evaluate risk
objectively (Slovic et al., 1979: Litai, et al., 1983; Corvello et al.,
1983; Milvy, 1986}. Imdividuals do not reach decisions regarding personal
conduct based exclusiwely or even in large part on such considerations,
But the federal risk manager ‘gnores the public's judgment of acceptable
risk levels only at his or her own peril. To suggest that Lhe added
ineremental risk 1= very awinuta, or that it 1s smaller than the 1.4 x 107
lifetime risk of death fram automooile accidents, is arguably peside tne
point. To argue that a recuetion in mortality has accompanled industrial
progress (e.g. U.5. life expectancy at birth has inereased more than 5

2



ears 3ince 1965 and 28 years sinee 1900) also doas not demonsirate that
the added rigks from new carcinogenic chemicals are acceptable. For it
does not demonstrate that a polley wore prudent with respect to the
management of carcinogens would not have achieved an even more rapid
improvement in the nation's health. Filmally, it has not generally been
demonatrated to be true that the introduction into commerce of a NeWw
parcinogenic chemical, by replazing an existing more potent one or by
decreasing total mortaiity in some other way, lowers total risk, although
1in specifie instances this is obvicusly quite true.

The problem of defining a general algorithm or general approach for
aatablishing levels of gocepkable risk remains. It would seem to be
largely intractable. Quantibative risk analysis (QRA) tries to diminish
the distortions thab subjective perceptions of risk intreduce into the
management of risk. #s the methodologieal and technologleal weaknesses of
QRA are overcome, fhe analysis of risk becomes more objective and more
reliable. But this will not necessarily change the distortions involved
in the publie's perception of risk. It may be argued that these
distortions tend ta diminiash in time with the dissemination of pertinent
information. But these distortionz do not result solely from a lack of
information. When we look at optleal 1llusions, an Esche lithograph is a
case in point, it is nob 1gnarance that leads to the distortiens of our
perceptions. It 18 one of the major roles of science to overcome our
propensities to disborc realiby (1t has been obgerved that "were
appearance ang reality identkical there Would be no need for zalenceY.)
Education can go only so far to reduce such dichotomies. Litai, et al.,
(1983) anq Slovie, et al., {1979} have shown, for example, that a
voluntary' risk that 1s two or three orders of magnitude higher than an
involuntary risk 13 equally acceptapie given similar benefits from each.
This is not # digtartion of perception 1n the usual sense: it 13 an
additional dimension or charasteristic of the risky activity that
influencea our attitudes abonk i1t= mpoeptability. The aceceptability of a
risk is a Punction of more indopendeént varlables than just the rate of
risk or the absolute risk alane. I do not calculate cardiovascular
benefit versus risk of skin cancer while jogging on a sunny afternmoon. I
may prefer Mozart's string gquartets to hard rock, not because the risk of
an lhjury to my hearing s laas, but for reagonzs totally unrelated te
riskz, Risk gquantifieatlen can help ua to clarify such preferencea oniy
marginally, if at all. Individuals consciously and unconsciously assess
relevant variables {withih certalp restralnts for which the umbrella cerm
"yoluntary" seems largely to apply) and reach decisions. It 1s clear they
gan do this "gut calcuius" best only when they have full aceess to the
relevant facts, and fuil freedam bo act on thege facts., IF an item - he
it a food, an indoor envircnmental pellutant, or a workplace chemical -
is carcinogenic yet Lhose at risk are unaware of this, the uninformed
judgment that 1s made =ay be Inappropriate. If the risk 1is not totally
voluntary the freedam to make an informed decision is circumseribed.

Several attribukes of risk in additlon to the quality of being
voluntary lofluence levels of risk percelved as acceptable, as Table 1
indicates. Two additiomal factors that effect perception of an ageeptable
risk level merit attentlon. We oegin by noting two conventional methods
for expressing levels of mortality. The rate of risk, often called
1ndlvidual risk, egpresses eitner the number of deaths as a fractien of

Tslovie et al. {*980} have conjectured that "voluntariness" may be
surrpgate variable closely linked to cther characteristics.



the total number of people exposed and actualky at rigk or 1u usaz some
pore convenient dencminator, for example, 1077 or 107% to express this
fraction. Thus a cancer risk of 3 x 10°5 implies that three of every
100,000 people will die frow eancer that resuvlts from exposure to a
carcinogen. It indicates am annual risk if this is the annual rate, a
lifetime risk if the deaths occur over g lifetime, generally assumed to be
70 years. The alternative approach to expressing risk defines rizk in
terms of total risk, sometimes called population risk, This expresses the
excess mortality arising From the rask in terms of the total number of
deaths. If 674 peopls die from cancer by virtue of exposure to an
environmental or industrial careinegen, this 1s the rigk incurred and no
explicit mention of the number of people at risk iz mede. These two ways
to express risk are easily interconverted when bhe numbsr of people at
risk is known. In terms of the regulation of a risk, nowsver, each
parries different implicaticns and the germ of paradox exisid [m these
alternative approaches fo formulating risy,

The concepts of equiby and equality under the law and the dictates of
common sense would seem strongly to suggest that the standards of
aceeptable risk for an ipdividual be independent of the number of people
gsimilariy at risk from the same hazard. Ye: it the real world this seems
not to be the case, as the following examples illustrate. [During a TO-
year interval 236 aeaths from eanger in the Uniteqg States 13 often thought
of as the bench-mark for ths leve) of acceptable risk from a single man-
made carcinogenle chemlzal.© This eriterion of aceeptable risk 1§ more
generally expressed as a lifetime rate. 3Slhee Lhe 1984 population of the
United States was 236 mll%ion these 236 deazhs are equivalent to a rate of
one in a million, ar 107 °. Yet 236 deaths would not be perceived as
acceptable if they were to be limited to the workers 1n a cheminqal
manufacturing plant that employs 250 people, the citizens of a small
village of similar populatlon, or some other smail and discrete
population. In bath sxamples, when viswed from the perspective of the
United States, 236 cancer deaths inm 2 botal population of 236 million have
resulted from the carcinogenie chemical. Huk these dealhs are discrete
and Jocalized they are likely to be percelved as a catastrophe; when they
are dispersed over time and space, if perceived at all, they are probably
considersd to be background noise: a negligible, random, uncaused, rather
grivial perturbation. In the one case the individuals who die of rancer
can be identified with a high degree of statistical confidence. In the
other case the 236 deaths, unless the primary tumor is a rare and unique
tumor not normally seen in the population at iarge, are unidertified and
unidentifiable. Epidemioclogists are unable to ssparare those whe die from
these cancers from the total of 32 million cancer deakhs that also occur
during the 70 years Interval. From this example I am persuaded that Lhe
ericerion of acceptable total risk is somehow depengent on the zize of The
population that 1s at risk. But tf the size of the total population that
iz at risk is ineluded, we have Implicitly reverted to using the rate of
rigk,

On the other hand, 6only a very smmall chance of even a single cancer
death rezulkts if the 107V criterion of aceceptable Lifetime risk & applied
to the factory or village cohort of 250 people.” Such 3 minute

20ne should explicitly add the paveat that this chemical tust fuifill
some socially beneficial role, as well. How we quantiFy this requirement does
not here concern us.

3250 people x 10‘6 << 1 cancer death. On an annual basLs we 2Xpecst abﬂug
twa people to dic annually in a population of 250. Because of tne addea 107
risk we now expect Z.J00C04 arnual ceaths,



spcremental risk of capeer is accegtabla from the point of view of
incremental mortality. Buk a 1077 vate of risk {3 impossible to achisgve
for each individual while at the same time maintaining a viable econcmy.
it ig three orders of magnitude smnller than the white collar fatal
accldent rate, whieh is, in turn, sigmificantly smaller than ascldent
rates among blue collar employment categories, The radiclogist, the
Farmer, the carpenter, the short-order cook and the 1ndividual cocking
meals at home, Eo name a few classes of pegple, all are @t a risk mMuch
higher than 107" from individual careinogena (e¢.g. a-rays, sunlignt,
sawdust, benzopyrene, and benzopyrene, respectively.) Whether we llkg
thig or net, it remains a faet that we can do little Lo reduce te 107
each of these amall rizska that effect small, discrefe sub-populations,
zlthough a ten-fold reduction i1s generally technica.ly quite feaslble.

I bave sought, by the apalysis of thls example, to make the case that
the size of ktha population I{n which specifiec number of cancer deaths oecur
influences our percspbicm of what constitutes an acceptable lavel of
r1sk, But it i3 mot only our percepkion (which connotes a subjective
qualiby} of acceptable risk that is influenced by the size of the
population exposed to the hazard. Objective analydiz wauld seem to lead
to similar eonclusions. No expert would reach the cone-usion that, in
apite of che faept that most of a small village's mortality ls kpown to
rasult from a singde carcinogen, pegulatory action 1s unnecessary because
nationwide the number of viekims 1s.not in exeess of 236 deaths; no
greater that is, than a rate of 10'6, This cenclusion would be
unanimously rejected by company safety cffieers, bhygienists, public
interest group advocates, medical epidemiclogists and risk managers.

These professionals have reached this conclusion ising the expertise of
their diseiplin®s and consequently their expert judgment tak=s3 on an
"ehjectlve" quality, ailbeit one that really is no meore than a oconsensus in
a Delphic oracle-type exercise. Because it is a human exercise, 1t 15
inherently "subjective." The sunjective/objective duality of our
knowledge never be botally eliminated, but such pnilosophical nuances can
largely be ignored by those seeking rules of thumb for effective
management of risk.

In view of the above considerations, we see thau as the population at
risk noaemes larger, the random, accidental. or "uncaused” quality af the
pancer deaths seems L0 beoome more pronounced. As the population sSize
decreases these deaths are =ssan by expert and non-expert alike as less
random and more causally related to the carcinogen. The random guality 1s
Imexerably linked to the population size and bath influence the
conclusions of our analysis of criteria of acceatable risk. These two
risk characteristics are alse shown below the docted line in Table 1.

How da the dhove considerations help to resclve the
subjectivesobjective and the rate of risk/total risk dichotomies that are
endemic to the setting of acceptabla criteria of risk?

Figure [ presents risk as a functior of pgpu;atlon. The line
represenkilng a lifetime rate of risk R'L = 107 and the line reprosepting

4 should emphasize that 1f 1000 similar facteries <r small villages each
were expozed to the 107Y risk, the populatios at risk woula total 1000 x 250 =
250,000, With this populationat risk there 13 now a 25% cnanre that a single
additignal petrzon would die every 70 years. But in the axample I am
diseussing, a single axpased populatblon of 250 s considered.



236 deaths (236 = PR" ) are bath shown as a function of population {P) and
of rate of lifewime risk {R;}. I have argued above that oeithetr a
congtant numbgr of deaths from a carcinogen (Figure 1, Curve A: mortality
M' = 236} nor a constant rate og rizk (Figure 1, curve B, for which the
rate 13 consktant and equals 107°) can simultanecusly satisfy reasonable
objective and subjective criteria for acceptable risk. The expressions
for curves 4 and B have been constructed so that they reault in the same
acceptable rigk at P = 236 milllon, where the ¢urves intersect. As the
population at rizk Jecreases the two expreasion3 lkereasingly diverge, one
indicating a criterion far an aceeptable risk level that [ have argued
above 13 too larga, the akher toc Zmall for the populgtlcn actually at
rlsk. Curve C, based on the expression R, = 0.015/P'7, repgesents the
geometric mean of curves A ang B [RL = (R H"L)‘ = .015/P*7]. By
averaging the Lwo more extreme risk expressions, it provides a eriterian
for acceptable risk as a function of population that represents a
reasonable coppromize. This criterion of acceptrible risk expiieakly
ingorporates the size of the population at risk as an independent
variable, However it has been develeped with littble recourse to empirical
data. If it 1s intended for uze in the real world of carcinogenic risk,
federal risk management, and public perception of reascnsble and safe risk
rates it must be compatible with these realities. At the same time {t
should provide general guldance that ean help resolve substantive
questions related ta risk policy and maragement.

W

1072 "
fh
=
¥ 103
[- 4
d
£
'™
3
[T
c
8 1wr
-t

106 |~

" . 1B
A=
M = wim
w7 T =T T - I T T
10! 102 109 wd 105 108 10’7 1wl

POPULATION

Figure 1



Figure Z presents data poeints for 90 circumstances of human eipasure
- U2 carcinegens and carcinogenic mixtures. These points are pletted on
coordinates that indicate the estimated size of the population at risk &nd
the eatimated lifetime eancer rizks prior Lo any regulatory accion that
may have been taken. In this Figure those chemicals for which a federal
decision was made not to promulgate a regulatien ke reduse risk are shown
by open triangles. The so0lid squares represent careinogens for which
regulations are currently under censideratlon or have already been
promulgated. The detted diagonal lime iz the best fitting straight line
for the data shown by the black squares. Igg slope 15 -0.047. The solid
)ine represents the ezpresaion HL = .5/P*°" which has been discussed

previously .
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Figure 2 shows 19 hazards for which the decision not to regulate has
been made by EFA. Ten 8f the triangles represeénting these hazards lis
selaw the By = .D15fP'5 line. Of the m.ge that lle above the line, the
greatest risk 1a clgarette smoking oy men?, repreasnced by poant #42,

5Gnem1ght argue that clgarettes areregulated: the packs arerequired by
law to bear four rotating warnings. I haye chosen. however. to usea triangle
to deaignate this risk in view of thi= near minimal regulatory requirement.
If the rcisk assograted waith thia haezard were thousands of times smaller - 1n
the 10°° to 1077 ramge - I would cobsider the rotating warnings to he
aopropriate (e.g. saccharin.} My use of the triangle In effect provides the
clue that I percgive this "regulation" to be tantamount to no regulaticn at
all and bo bequlbe 1nappropriate in view of themagnitude of therlsk ana 1ts
zocial epsks.  This in spite of the fact that this carcinpgeniz risk
nas 4 signlficant waluntary quality associated with it,



Key to Figure 2'

Accident, fatal - private sector 1982

- mMining

- finance, 1insurance and real
estate, 47 yrs. (18-65)

all, 1982 rate for 70 yrs.

1.
2.
3.
k.
5. Aerylonitrile
6. Alachlor - dietary
7.
8.

- flaggers

- farmers
9. - ground applicators
10. Amitraz - apple & pears sprayers
1. - apple & pears consumers
12, - apple, dietary
13. - pears, dietary

14, Arsenic - copper smelters - high

15. - copper smelters - low

16. - glass manufacturing

17. - Inorganie, neighboring
population average exp.

18. - maximum exp.

19. Asbestos - oecupaticnal
20. - school; students & teachers

21. Benzena - fugitive emission

22. - coke by-product

23. - maleic anhydride

24, - ethylbenzene/styrene

25. - storage

26. - Stapge II gasoline market

27. - urban

28, - average population exposure - drinking water
29. - average population exposure - air

30. Beryllium

31. Butadiene,l,3 - occupational
32. Cadmium

33. Captan = food consumption
34. Captofol - food consumption

35. Carbon tetrachloride - urban
{continued)



Xey o Figure 2 {Continued)

36.

37.
38.

39.
ug.

41.

42

43.

Sl

u5.
ué.

U7,
3.

49.
50.
51,

52.
53.
54,
55.
56.
57.

58,
59,

60

61.

62.
63.
b,

65.
66.
€7.

Chlordane/heptachlor - food consumption

Chlorobenzilate -~ citrus consumers
- eitrus applicators {population size assumed)

Chleoroform - urban
Chromium - oceupational
- urban
Cigarette smokers - male
Coke ovens - average exp. for U.3. population at risk
Oecupational
Daminozide - food consumption
1,2-dichlorcethane - urban

Ethylene dibreomide - ceccupational
- immediate post-regulatory dietary

Echylene dichloride - workers
Ethylene oxlde
Folpet - food consumption

Formaldenyde - urban ambient
- production
- resin manufacturing workers
- apparel workers
- moblle homes
- non-ureasform. homes

Lindane - shelf paper
- livestock applicators
- pecan applicators
- food

MBOCA - 1ndirect occupational exposure
- direct cecupational exposure
- non-proguctlon workers (occupatlonal)

MDA - manufacturing workers
- prooessing workers
-~ all workers - QTS based
(continued)



Kay to Figure 2 (Continued)

6.
69.
70.

T1.
72,

73.

74,
75.

Th.

77.
18,

79.
0.
81
8z .

83.
84.

8g.
¥e,

a7.

A3,
a7,
90.
91.
92.
93.

Q4.

- all workerz - TLV baszed

Nickel

Nitrosamines - occupational exp. from metal work:ing fluids

BTA - public drinking water
- tarmulators {oceupational)

PCB - dietary fish

Pentachlorophenol - applicatarssworkers

air

Radiation, 1lonizing - all workers ipn medlcine

Radionuclides

DOE

ana industry
-~ power reactor warkers
- ¢nal-fired boilers

facilities

urafiium mines
elemental phosphorus plants
phosphate 1ndustry

Raden - drimking ~ater

Styrene moncmer - occupational

Tetrachloroethylens - urban populatien

- dry cleaners

Triehloreethylene - urban alre

Uranzum mill tallings - Lfnactive sites

Vinyl chioride

- active sites

average eioogure for population - air
max  erposure (Occupatlonal}

workers {ogeupatlicna.)

average expasure far populakblon - water

Jolatlle Synthetic Organic Campounds

— — — Hisk - Fazal "White collar" accidents {finance,

1nserancs, real estates) for 70 years.

—_—— — 10'6 rizsk

Source: Milvy,

386



TABLE I

Characteristics of Risk

VYoluntary Non-voluntary
Delayed Immediate

01d New

Necessary Luzupy

Ordinary Catastraphic
Controllable Uncontrollable
Hatural Man-made

Large pupulation Smail populatlon

Random and "uncausedg™ Non-random, caused

{Source: Taken from Litai, at ail., [1983))

TABLE IT

Carclnogens (and years) for which Final Regulations
have been Promulgated by EPA

1970: Kanechlor Sulfamic acid cyclohexyl
1972 DDT Safrol
1973 Beryllium (%) frsenic Omide (M)
Telvar
1974 Aldrin
Digldrin 1978: Paraquat
Chlordane (%) Asbestos (¥*1
Heptachlor {(*) Hexachlor
Lindane (¥)
1975 Selaniun farylanitrile (%)
Strabane 1979: DBCP
Pestox Pronamide
Difluran
1977z Paris Oreen Chlorobenzilate {*)
Vinyl Chloride (*}
Benzidine 1980: Erbon
PCE3 (%} FBBs
Benzac Tris
Kepone Parthane
Chloranil
Mirex 1881: Benzol

Shown on Flgure 2

Scurce: 1, 3. EP&, (1984),



Raden in drinking watard {482) and urban benzene (#27) are objectively the
next most sericus carcinagens for whica regulaclens have been considered
and rejected. Flve hazards for which federal regulation is being
considered fall below the K Iice and, by the criterion of acceptable risk
developed here, represent risks for which regulations are unnecessary

The cther £& hazards fall abova the line that demarcates acceptable and
unacceptable riska.

Chemical carcinogens have alsac been regulated by EPA for which both
risk and populatian at risk estimates are not avallable. Such chemicais
sannot ba shown £n this figure and are listed in Tabkle II.

CONCLUSION

The empirical data and the decisions made and under consideration by
federal risk managers and shown in Figure 2 are largely comsistent with
the acceptable risk equaticn bhak expresses lifetime risk asz a function of
exposed populaticn size, This siprassion uses the geometrie mean of the
constant rate of risk and the constant total risk.

By adopting this acceptabie risk criterion I have sought to resolve
the paradoxical situaticn whereby meither a constant rate nor a constant
total risk of caneer can be zalected which provides an acceptable guide to
regulating careinogernie chemicalz. The formulation of an aocpeptable risk
eriterlon that 15 suggesked here is not invariate with respect to
population size. 3Some way well fault it for this reason. But when the
size of the populatien that is at risk is considered, a constant value for
either criterien invarlanly can be shown to be unsatisfactery both from
objective and subjective perspectives even though both wouid seem to
fulfill the requirement of Iegal eouity.

Variables other than risk and population size are also generally
considered by risk managers Lo he pertinenet to the declsionmaking
process. These have not been addressea in tnis analysis. In partieular,
the economic costs of regulation obviously affect the regulatory process,
either by Influeneilng the decision whether or not to regulate, or "y
influencing how straingently te cegulated. Thus a comparison of the pre-
and post-regulatory risks posed by those carcinogens that have been
regulated would provide further insight into risk-managers’ regulateory
modus operandi. Twoe arbicles that touch on these considerations, by
Anderson (1983) and by Eyrd ang Lave (1986), have appeared recently,
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