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ABSTRACT

Multiple uncertainties create twe major prebiems in reaching level-
of-control decizicns 111 envirormental health decision situations:
insecurity about when to stop collecting additional infeormation and
proceed with the "optimum" control strategy avallable, and imprecision
about how to allocate resources among varlods pgasible uncertalnty
reductions during this research phase. This paper uses statistical
det1sion theory and a computer simulation package to explore Lhe
properties of the response surface relating the 2ipected ralue of perfect
information, total uncertainty, and uneertainty in each parameter
contributing to averall healtk risk (e.g., population exposure,
carcinogenic potenecy, ete.). The framework 1s then applied to ths case
study of the research and control decisions EPA Faced ak the ASARCO
smelter in Tacoma, Washington.

KEY WOFDS: walue of information, eancer rigk assegsment, error
propagation, ASARRCO arsenic emissions, utility theory.

T: INTRODUCTION

Surroundifig all envirpnmental health decision processzes ls the
speetre of uncertainty, which among other effects always prumtes a
tension between analysis and action. Barely 15 thia tension more palpable
than when the decislop-maker 1z confronted with the task of balancing
enviranmental controls against the publiie health risks posed by emissions
af toxie or carcinogenic substances. When a potential health problem has
been 1dentified and a discrete set of contral cpklong mapped out, the
decision-maker may believe hix task 1z simply to pick the single "best”
option from the feasible set. In fact, the range of choices 1s far
broader, for each decision point has assoelated with it the additional
variable "¢ime"-- time that can oe spent refining the knowledge of the
problem in order to make more zsoure the wisdom of the ultimate action.
Often {though see Section IV below) it 15 easy to generdte a first
approximation of the cost of continuing to analyze 3 risk-benefit problem.



1t 13, aowever, ROL nearly so straighbiopward to determine tha yalue af
additienal informatian, 1n arder to gauge whether the expected rewards of
investigation warrant the various costs of vbtaining i1t. More
slgnificantly, a truly optimal decision pracess Would nat only arrive at
the malutilon that yields the greatest achievable net benefit, oet wauld
kake the =ast affiecient and expeditious path to that choiee-— and for this
1t 1s necessary Lo ook how to allocabe research ciforts to maximize the
ratio of the value ol new 1nfosmation to 1ts price.

It is our intention te elucidate general truths about the properties
of additional information in envirommental health questions where
uncertaintles exist algng two o wore dimensions. In this paper, we
will: 1) summarize the axioms Zoverning value-of-information theory; 2}
present the results of computer =imulations that ezfilore the relationship
between value—of-information, total upcertainty, and uncertainty along
infividual dimensions; 3) apply these results te a famiiiar riak
management case study {cancer risks due to atzenic emisszions {rom the
ASARCO smelter lb Taccma); and %) deseribe the refinements we are
currently developing to make our model more Applioable for analysis of
decisiens such as those surrounding umcocntrolled bazardous waste sites.

II: DETERMINING THE VALUE OF REDUCTNG UNCERTAINTY

A. Theory of Expeeted Value of Perfect [nformatien (EVEI}

The wvalue of information 18 determined with refierence to the concept
of gxpeeted opportunity _ass (EOL}. Opportunity loss acerues because the
decizion-maker Must at some point 3elect a strategy before the true values
of' dose and potency are precisely knowrn. Becausa for each possible value
of riak there ls an "optimal” strategy defined by the prevailing decisian
rule {usually che strategy corresponding to the expected vaius of risul,
there may be some cases wherein Lhe shoice made under uncertainty does not
match the chalce that wou.d have been made were perfect informatlion
avallable. Although there are ecsnemic and health costs associated even
with the locally optimal 3trategy, additional oosts will accrue wheneyer
the true risg Fails outside of the range of values for which the chosen
strategy 15 optimal, EOL iz thus the integral over all possible values of
risk (appropriately weignted oy -he probability of risk taking on each
value) of the extra costs of choomlng what L5 on SVerage the opvimal
strategy for those cases where another choice wacld hawe been superior:

EOL = Jpdf(R) [C{R)-C*(Ry| OB, (1

where C(R) ig the cost of the apparentiy optimal strategy (evaluated at
each value of R) and C®*{R) 1s the cost of tha least-o0st strategy
associated wikh that same R.

Azsuming the analyst could cbtain perfect infarmation about risk at
some cost, he would then always plek the strategy Tor which {R)=C*(R),
and his EOL would reduce to zero. Faced Witr a decision node wners
perfect informacion could be obtained at a cost equal to the E0L under the
exiscing burden of uncertainty, the decision-maker would be nditferent
between obtaining the 1afurmatien and making his best gucss about agntrol-
~therefare, the expected valus of perfect Lnforeatbion, EYPl, is exactly
equal to EOL. Moreover, moving from a state where EVPI=3X to one where
EVPI=$Y implies directly that information worth $(%-Y) has beer cbtained:
thus, the upper bpund on the value of any incremental amount of new
information is simply tho diffzrerces in the EOL priov and posterior to the
analysls.



In our hypothetical seenarios, three agrategles always define the
range of control choieas, Strategy 1 (no additional eontrals) imcurs ne
conkrol costs but leaves the unceniralled health risk R unaffected:
Stralegy 2 incurs some costs but reduces the risk to {1-E)R, whera E 5
the effieiency of the "pest available Lephnology" (34T): Strategy 3
sl minates all health risk for a Fixed cost [the marginal cost af this
sueond inerement of risk reduction 1s assumed to be higher than thaz af
Strategy 2}. Figure 1 shows oppertunity losa (DL} as a function aof risk
far A model seenario. Which graph applies depends on the initial ehoice
of strategy, but EOL is always the integrated product of thig function ang
the pdf over risk. WNote that OL is always zero in the region where the
chosen strategy matches the optimal strategy, conditional on the given
value of risk.
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Oppertunity Losg& as a Function of Riak

E. Computer Simulation of EOL

We have developed a computer program for the IBM=F{ wnilch prowades
generalizaple resulfs about the velationship batueen uncectalnty and
value-of-informatien, using a somewhat restricted set of paradigms for



their sxpositional value. The major flexibilities remaining in this
paradigm are the risk in the absence of control, the cost of the risk-
elimiration cption, and the cost and effieiency of the "best availanle
techrology™ acrategy. The pdf for uneertainty in dose cr potency cauld
jastifiably be drawn from a number of different families, ireluding
distributions generated ad hoc by eliciting and pooling tha subjective
prababiliby estimates of one or more experts (Evans. 13B%). We have
chosen loghormal digtributions primarily hecause they are simple to
manipulate. In addition, many inputz ko regulabory processes implicitly
assume lognormal variability, most commomiy gvident in statements that a
given estimate I3 correct "to Within a factor of x."

The computer program oumerically evaluates egquatien {1) given a
median value for hath dose and potency and an assumed pgeometric standard
deviation (s_) around each estimate, In adaition to reporting the EVPI,
the program fotes the actual ranges of dose values for which each of Lthe
three strategles would be optimal if perfect information were avallable.

C. Thenrcbical Results

By sequentially varying the geometric standard deviation of both dose
and potency over a2 wide range of possibilities, we Were able to discern
sotme of the propetties of the response surface relating uncertainty in
doge, uneertainty ir paterey, and value-of-informatien. The most basie
finding concerns the behavier ol the surface in the 3z and yz planes--
when either uncertainty parameter is held congtant, the cross-sections of
the response surface are sigmeid in shape. Figures 2 and 3 show thig
behavicr by graphing EVPT at various points and by presenting a contour
map of EVEL ismquants, respectively. Essentially, when total uncertalbnty
is wery small [2_ of each parameter ¢ 2) and again when it bhecomes wery
large (a3, of each parameter > 6), the change in EVPI with uncertalnty In
dosa or E@tency is relatively amall-- the value of marginal improvements
in information is often negligible. However, for ordered pairs of
s_(dose) and s_{potenay) ylelding moderate ta large vwalues of total
ugeertainty, E9PI can change dramativally [ollowing small achievements in
uncertainty reduction. Zor example, Figure 2 shows that it would be worth
a maximum of approximately $1.6 million per year ($3.8 milllon minus $2.2
miilion} to both imprave Usp} of potency from 5 to 4.5 and improve (s ) of
dose from 3 to 2.5. T% is flear that at least for control strategies
ordered im this way, by far the most valuable bits of new infarmakicn are
these which enable the decision-maker to increase his confidencs Chat

-UBATM Is arefercod to "closure" for plausible values of risk.

D. Semsitivity Anmalyses

We then tested tho two parameters most likely Lo influence the
response surface. Ag s¥pected, the spacing of onsts for the three
strategies strongly affected the appcaratce of the surface, although the
basic shape was preserved ‘n 2ll ercgs-sections. Lowering the coat of
"BAT" from $5 millicn %To $2 million made it the preferred strategy over
3most of the simulariens and shifted the location of the steep region of
the response surface, This scenario demonstrates another principle af the
vaiug-of-infarmation function-- the greatest marginal irncrezses in ROL
cocur 12 reglons where an unattractive strategy suddenly begin® to
dom:nakte for a growing region of the pdf over risk.
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Isoguants of Equal EVPI {(in $1000)

The monetary walue p.acec o 3 statistical death defimitely affects
the parameters of she respanse surface, though not to as dramatic an
extent as might be zssumed. Wher The analysis was repeated with the value
af 1ife placed a5 $333,313 _nstead af $1 millicn per life, the FOL did
jJecreaze at all palnts, lkd.cakirg that a decision-maker with this
estimate of the walus af 1life would be less inclined to seek addrtional
information in ewery case  Th2 reglon for which the "no control” choice
was optimal alsc broadened sZgmificantly. However, 1n a substantial
regicn of moderate unesrtainty i koth parameters the EOL for each case
was rather simliar. T5 anpears that when one 1u squaraly 1n the middle of
the range for whiech t=as "347" strategy Ls locally optimal, new inlformation
13 equally valuah_g [ar o brasd range of opinilon on the value of life.

E. Value of Dasz [nformat’zn

We have to thiz point 2een unzale to generalize the properties of Lhe
response sur face re1aring =spezted ralue of dose tnformation (EVDI) ta
uncertainty. ‘fh13 *Flaz.ansh.n 13 of particular interest to the
regulator, since reduc.ng .rcerta_nby 1n dose tnrough ambient or personal
exposure monltoring -5 genesa_ly ~ore feasible in the short-run than
conducting addibicna- ganariec studies of potency. Our inalyses indicate
that EVDI 1s highk_y depanden- or -he relationshlp between the three
strategies, anc cn arxl d1ff=renaes 1n the gradient of the overall



peaponse surfaee, atd thab analygbs Wwill therefore need to examine this
response surface separately Lor each decision problem,

ITI: APPLICATION TO ASAACO CASE

The attempt by bthe U.5. Emrviropmental Protection &gency (EFA) to
explicitly balance the risks and benefits of arsenic emissicns at the
ASARCO smelter 1S a useful paradigm not only of the difficulties of
including the affected community in the risk-balancing process, but of the
role of ineremental reduction of uncertainty. In 1983 and 1984, EPA set
about trying to apply Lts newly propoaed standard for arssnic emisslons ta
the ASARCO plant, the only facllity :n the country processing copper org
with high arsenie eempenbrationa (Ka)ikow, 1984). The situation was ripe
for regulation, as EPA's first estimate of the number of cancer deaths
among the local populatien ranged from 1.4 to 22 deaths/yr. Table 1 shows
the three control aptions EPR was contemplating at that time, along with
our =stimates of the posts and efficiencies of each In this case, BAT
entailed the insktallation of sacondary hoods of the copper converters; the
most stringent opbion, wnich ASARCO clalmed would foree cleosure of the
plant, involved limiting the arsenic content of any ore processed to 0 T
welght percent,

Takle 1

ASALRCY Control Scenario

ngr r fontrg) Cost  Risk Redyction  Expected Totol
18105 yved £fftclency Cost_($10°/y0)
A - 0p ooditioml contrgle [ 1} o
8 - converter hoods ("BAT™) L% 752 * 92+ .25R
C - regulotions forcirg closure m - 1007 20
NOTES:

g The cnsl estimate L% Comorised of $757.000 Ln gnnuol uoerutln costs
csll?,oou of which 15 |ncreased eIE{Lrlcltv use) and capltal costs of $3.5
miilion unnuu]izea Qwer 0 P0-yenr perlod.

() EPA srlmakes that the hoods will remove 951 of arsenic emisslons
from the eowerters, Other fugitlve emission saurces Will be upnffected by
BAT. Slnce thes snurces uccount for obout 50% of estimated ursunl: cuncentru-

Liong m:clr the ond ohout 15X in the remolnjne areos (where 2f
predicted rliki uc:ruea e es:lnutt that the resjdual risk would be zo from
the omer filLlve sourted I addlilon to the 5T retlduol from the converiers.

Phant clnsure wople cawse the Tocoma Qred to lose $20 milljon
unnuolly in goods ool services DLrchased by ASARCO

Tn June 1984, S3ABCC aprounced it would shut down its Tacoma plant,
citing falling world copper prices and difficulty meeting the atate of
Washington's standaré for S0, emissions. Despite this outcome, analysis
of the uncertainties surrounding cke three strategies and EPA's attempts
to reduce them provides s good Sest case for our computer model of value-
of-information.



5. EPATs Doze Calculations

In the summer of 1983, EPA used the Human EZxpasLre €odel
{HEM),consisting of the ISCLT air dispersion madel znd Lhe MED-X data base
for loeal populatlen censity =stlastes, to estimate aggregate exposure ta
arsenie 1n the Tacoma ares. This combination led to an initial median
estimate for the total dese <o bhe approximately 368,000 peoplec living
within 20 km of the plant of approximately 193.000 persons*ugsid.

However, EPA soon discovered that the uncertainty around “hls estimate dag
rather substantfal, as actual ambient concentration valuar supplied by
ASARCO indicated that near the plant EPA was overestimating levels by up
to a factor of 20 {EPA Region X press release, 1953). In general, the
agcney believed at this time that only about haif of 1ts predicted values
were within a factor of 2 of the true Yalues. TWO ContiTiOhs 1D
particular fostersd this lack of precision. First, the ISCLT model does
not account for perentlal Fumigabtion of the plume due to the proximity of
Puget Sound (leading %o possikle underestimation of gonpentrations) or
peculiaritien 1n topography {the smelter is built on the side af a steep
hill) that sould lead to overprediction in many instances. Mare

glgm Mleantly, once actual stack tests were conducted and Fugibive
am1zglons observed, it became clear that EFA's assumptions about emissions
rates overestimated arsenic cutput fraw some sources {aztimates for the
ma.n stack were lowered from 165 tonsfyr. ta 5T voasiyr., and for the
converters from 132 to 17 Lonssyr.),but underestimated bthe severity of
gpther fugitive emlssicna aL i Tear ground level {these estimates were
revized upwards from 14 =0 3% tons.yr.). Because very little of the
predicted risk was due td contribubions frow the main stack, and because
ground-level emisslons are particularly troublesome, these errsrs tended
ta oalanog =ach other.

In response to these defiolencies, EPA ‘mprowec their dose Model
using the new emissiens estimates, plank-specilic meteorologic data, ind a
dynamice algor{thm that Look into account ASARTO's terdenczy to eculb back
operations during wealhor conoitions that made (t probable the %02
standard would be exceeded [EFA, perzonal communicaticn).

B. Potency Calculations

For their ariginal estimate of the "umit risk"™ ef resplrabory cancer
dJue to arsenic :nhalation {{.e., the greess lifetime rcbabiliby of
contracting lung cancer 1f exposed to 1 ugsm* arsen.c eczntinuously for 70
years), EFA relied on threc opldemiologic studias of occupational
exposures {EPA, 1984): 1) Binte et al. {1977y, & 3tudy of workers at the
Tacoma smelter; 21 Lee and Fraumen. {1969}, a study of the Anaconda
smelter 1n Montana; anc 3} Otk =t a_. (1974), a study of pestic.de workers
exposed to arsenats compounds. Tor cach of the studies, EPA fit a
relatlve-risk =ngel to the data, uzZing the linear no-threshce.d assumptlon
that ® [the relazive risk) 1s equal to 1+(B*D/P,), where B, [, and P, are
the potency of arsenic, the cumulative dose, ang the background
probabllity of getting lung vancer {derived from U.5. age-specifie
incidence data), respectively. After fitzlng the best regression line
through the origin for sach of the studies, TP4_pooled the threa waximmim
Iikelihood estimazes of relazive risk at 1 ug/m’ by taking thelr geometric
mean, and derived tne pooled_.alt risk by multlplyéng by (1-R}*Py. This
pooied estimabte wWas 2.91K*D'3ILLfetime, or 4. 2x1077/yr.

Recently, EPA_has revised the unit risk ostimate (EPA, 1981 sLigatey
upward to b, '3x1077/yr., making use of new data and gonntud_ng that a



inear, abselute-risk model best fit all of the SULLARIE daza. Again, EFR
took the geometrlc mean of the unit risk estimstes bo Ratablish 1 single
point eatimate.

¢. Uncertainty in bosa

I their publie statements about the potential cisks from ASARCO
am:ssians, EPA effectively treated the aggregate dose value as naviry oo
woertaingy, the range af expected cancer ncidence deriving enu.rely Trom
uncertainty 1m potency (see below). It s evident, though, that Lakth he
initial and final estimates of total dose have signifieant associated
uncertainty, although substantial improvement was made during the
refinement process discussed above.

We estimate the initlal uncertainty as lognormally distributed with
g = 3.6; i.e., 95% of the estimabed doses for individual population
3Egmen:s would lie within a factor of 13 above or below the trus value,
This 15 consiskent with EPA statements that only half of all imizlal
predictions were correct to within a factor of two, and The oosgrvabizn
that at least some 1solated prodictions were 1n srror by a Fackos of 20,
Formaily, we arrived at our estimate for s, Ly propagating three Lognormal
srror processes: 1) modeling erpor for the ISCLT wdel when 3Lte-specific
metecrologic data is unavailable {s -31(EFM, 198620, 2] imprecision of
emission rates {=,=1.11; and 3} Inaﬁiéity te predict whether the standard
Gaussian plume or the famigation model is appropriate (agzz).

sccarding To EPA {personal communjcatien), once the refined ednosucs
model and emiss=1ons Gstimates were 1n placu. the range of estlmates For =
glven ambient coheentration value were almost all an order of magritLce ar
less in breadth. So, We can assume that 99 percent of the predichions
were within a factor of 3 of the true wa.ues, i1mply_ng ac "improved" g of

1.7.

D Uncertainty Lo Pobchly

fpearcing —0 EPA, the original unit risk estimate of 4.2x10'5fyr. nad
a lognoroal uneertainty of s, = 2.3 surrounding 1t. EFA derlved thnis
Tlgare =1NDLy by ealculatlnggthe standard deviation of the legarlfhms of
the estimates from the three eprdamiologic s.iadies anc
exponentiating., [The revised estimate of B_13x1077 kac oo uncertainty
caleulation with it, although we used the above preocedars and got
essentially the name estimate For sg.]

We assert THARt this nouarbalnty estimate overstates the confLdcnce
21th which the potency af arumenie can be known. Beveral factors not
cansldered by EPA would be expected to broaden the pdf for patener,
including: 13 lack of certainty about whigh dose-response funreion and
whooh model speeification (absolule or relative risk) 1s blolegically
appropriate {Crouch and Wilson, 1981} : 2} umpreciaton of exposure
estimates in the oecupational vohorts; %i unterbainty agout dWhether to use
national or state~specific "background” rates .m caleu.sting "expected
deaths"; 4) exclusion of wvariatilans in human susceptibility from Cthe model
(Finkel, 1985a); and 51 uncertainty about whecher measuring cumulative
exposure as simply the product of voncentration and duratlon 1s
appropriate {Brown and Chu, 1983j. Few of these factors are zmenable to
quant_kaklve resolution. However, EPA's uncertainty estimate 13
unacubtedly a lower bound on the actual ungersainty in potency,



E. Results of Simulation

We then applisd our compuzer roatine to the ASARCO scenario oublined
in Table 7. Unlike the kypothetical secenarios, where the =ed.an risk wan
seT artitrari_y al 1 death/yr., the FRL takes on rather large walues 1o
this scenarlio hecause rhe central estimate cof the number of deaths is
(6.13x10771( 103,000} = 6.3 deathsa/yr.

The simulaticr showed Lkat the assumed value of improved dose
infarmation cees depend strongly on what the uncertainty Lo poceney is
kaken kO be. If we took EFA's s, For potency as true. our calculations
show that the reduction in s_(doBe) Pram 3.6 tp 1.7 Hauld be worth a
maximum of $720,000 per year®(for A net present value af abcut $10 miLlicon
assuming a 5% discount rate snd a 20-year time horizon). If, however, the
95% cgnfldence 1nterval for potency 1s twlce as broad as EPA pelisved
{i,=., =, = 3.3}, the same achievement in reducing s,{dose} takes an a
value of“nearly §1.5 million per year. UOur estimate® of the value of
impraved exposure estimates are based cm a high wvalue Fer the social cost
of ASARCO closure, $20 miliicn per year. If inatead, we use closure coats
one half to one fourch this large, we obtaln even larger estimates of the
valLe of ‘moraved exposure estimates.

according to EPA {personal communieation), av least $500,000 was
spant, exclusive of the time sSDhent Dy EPA staff, To generaté the improved
dose 1pformation. Thus, 1% seems toat even Lf the potency of arsenic was
as well-charrcterized 33 EFA'S 1nisial estimate would indicate, this money
was probab ¥ we_l-spent.

1¥. ONGOING SEFINEMINTS OF YALUE OF IMFORMATION MODEL

Wz omlieve that application of this simple valug of infarczbion mocel
aacld pield a_grificant improvements over the haphazard way infarmatlon-
gatherng resources are currently alloecated. Howevar, Juring the next
year we Lntend to refine our analysis tp ware closeiy approximite the
complegity of current anw rosmental health declsion processes We have
identified four areas where soced complexity in fhe model 15 most likely
to broaden 1ts abpliby:

e G4liowing for uncertainty in estizates of eonbrow efficiency.

+ More thorougn acalysls sf bhe many separable sourcez of uncertainty
Lm eatimates of dgse. Thesze include uncertalnties 1n birockemica. faks
&7C Traasforcabizn, uncertaintiea in estimabing-long racge natterns of
land use and behavior of human populatiors, and Lreertainties in the
estimates of the uncertainty loherent . app-owatlon 3t environmental
transport models in wpecifie =ltuasions of 1ntérest.

« Analysis of the costs of obtalming impraved 15K esbimiates.
fnalysts need ta consider net orly the direct cozis of cbtainting
information, but alsc the social costs and zcoromic inetficiencles that
occur as a result of felays in daciszion-making.

« I[pocrporation of "regret theory.” Hather than focusing selely on
meas ires of cantral tendency of risk and soelal cest, by lnearporaticg
uti1lity thecry we 1ntend to more rlose.y apprciimzle The actual sceial
costs associated with any specified lewvel of residual rzse,



To conclude, we envision that further applied resesrch in this field
Wwill lead to develapment of an analytic tool uzeful for quickly
differentiating situaticns where slight reductions in uncertainty lead to
large spocial benefits from those where relatively large reductiens ino
aneerkainsy are of almost no ceonsequense.
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PRLORITIZING HEALTH RISK ASSESSMENTS

Gary R. Rozenblum

Toxlicologist
Atlantie Richfield Company

LBSTRACT

Healkth Risk Assesysments are being conducted with increasing
frequency. The stages of a Health Risk Assessment (HRA} are generally .
des¢ribed asz Proklem Identiflcation, Hazard Azsessment, Exposure
Charackerization, Risk Analysis, and Risk Management. While ouch etphasis
15 cerrectly placed on the risk analysis step, the problem identificatian
stage Ls often overlooked. When resources to conduct HRA®S are limited,
ptioribizatien becomes a key procegs, especially for corporations faced
Wwith the need to fully assess numercus chemicals. Identifying a list of
chemical candidates for HAA is only a first step that should be Jollowed
by a systematic priority analysis. Data from a priority analysis of
petroleum products and petrechemicals were generated and analyzed. The
data were generaced through use of an Integrated Risk Index System. which
was first presented by the author at “he ‘983 Zeciety of Risk pnalysis
Meeting. Concluaions ere reached suggesting that the important factors
necessary for 1nformed, defenzible prioritization decisiona can be
categorized as "inherent,® "internal," zand "extermal.” The detalled
desceription of these three factors provide a working guide for generating
informed judgments how best to apply limited resources to assess the
health risks of a large group af chemical candidates.

KEY WORDS: Risk, Prioritization, Health Risk Assessment

Awareness of potential health effects caused by exposure to chemicals
has increased dramatically in the past few years fa a result,
corporations that manufacture, sell, and purchase chemicals are examining
wnleh of the chemigals they handle present health risks Lo their
employees, their customers, or the publie. 1In a large corporation this
could be an enormous task because the heaith risks of hundreds of
ghemicals may have te be asgessed,

Each individual health risk agsessment (HRA} 1s a multi-stage process
cohsisting of problem identification, hazard assessment, s¥posure
characterization, risk analysis, coptions analysis, and finally risk
management. Much emphasis is rightly placed on developing and refinipg
the risk anmlysis stage. However, the practical necessiky of developing a
systematic approach to the problem identification stage has boen somewhat
overleoked.

With large numbers of chemicala to assess, corporations anpa
regulatory agencies will no longer find it sufficient o simply i1dentify a



11st of chemicals regquirlng JRA. Arrasglig the chem:ical candidates for
HRA according t0 a percsivec princlTy 18 essentlal, The importance of
prigritizing chemicals afior identiPying them for HEA becomes clear when
it iz seen that a perfect.y ~onducted risk assCSSmEnt 1s not very il
_f the assessed chemical 1s of rittle importmnce Lo the cordoTat.oim, and
_imited rescurcas were awverteg from che assessment of more JJarJpriate
cagmicals,

When resources and the time to conduct HRA'3 zre limited, Cinding the
approprlate chemieals to assess becomes a key process of the
ident:fication stage, especially for Lhe industrial companics and
regulatory aguncles faced wWwith the need to assess hunareda or even
thousands of chemicals. It would ae difficult to specificajly defipe a
standard format that would always p2 successful ldentifying the
appropriate chemicals fior HRA, Haowever, 1t is possible to develop some
gereral prireiples for prloritizing chemicals for HRA that can be appliod
in a wide wvariesy of specific situations. I will discuss these principles
in terms of developing a systematic method for ranklng chemicai cand dzbes
far HEA.

4 well designed systematic method for priaritizaclen will be rapid,
canslstent, effective with limited data, ard defensible. The usefulness
of any prioritization aystem depends on maximizing ail these traits. [F
one is traded off Zor anotker. such ag reduring defensibility to galn
rapidity, the overall effectivenesa af the system 1s reduced.

4 raplc perroritization system will rank a l1st of chemigals in oz
likkle time as possible. It 13 logical to assume that when mare t.me 13
3pent rankicg chemicals on a candidate list, less time 15 spent conductbing
the HREA'S or thaEs chemicals. The system. therefore has to be ces.gned L2
use time efficiently. It should not be pwerly complex, but instead,
require only a Ffew steps to schieve the placement of a single cheémlcal.

[ don't believe that ripgirods mathematical formulatlons are nNeceszsary
for A rapid prioricizatisn swwtem. When more complex mathematics are
used, it seems, a desper data search 12 required, which bogs the 1nitial
HRA step down LD areax that are best .eft to the more difficult riak
analysis step. Finally, the system should be desighed ta be comiuterized,
for cbwlouz time efficiency reasons.

Consistercy 73 eritical for any prior_t12ation system, arnd wibhouc
1t, the system will be useless. Consisteney allews wore Ehan one person
to use the system, so that tasks can be de.ggated ©2 a177srent pecple. It
should use a standardized format, so that tnare 13 1eR2 chance of making
an error on any of the eperabicns performed on each chemical.

Conaistency can be achisred more easily when a quantitative system 13
employed. If each cnemita. car be assigned a score that represents an
eapimate of its potential health risk relative to the other chemiclls cn a
list, the ckemicals can be compared 1n a conslstent manner, a0t
apprepriately ranked.

The system must be cffective even when tne caka base for a chemical
13 limited The oriteria for scoring tha chomizals must be developed with
the understanding that there will be data paps. The criteria for zcoring
the chemicals should ae sufficiently flexible to allow professional
Judgment Lo substituktes For ‘ncomplesz information.

Consistency will leal Lo o more accurate prioritization of HRA
coapdidate chemieals, which 1n turn creates a more defensible aysbam.



pefending a prieritization system could be of majer imporiance to a
corporation or government agency, pattleulariy i a courtraom where it
might be necessary bto sxolain wny risk assessments have been conducted for
cerlaln chemicals, and nar for atners A defensiple system will alsa
provide support for sXp_aunicg o the management of a corporatian why
persain chemicals have been singied ont for HRA's,

Io order to create a rapid, consistent, and defensible system,
eriteria that wiil erable the reviewers to quantitatively assess the
candidate chemicals need to be developed. I wWill desgpibe these lactors I
have found to be well balanced between being wimpls and guick, and
delivering a selentifically accurate repressntation of relative risk,

There are three groups of factars that are useful in bullding a
successful HRA priecribization 3aystem. I call these three groups of
factors the Inherent Factora, the Internal Factors, and the External
Faerors. Within each of these three groupa are subfactors, which wheh
ageessed and quantilied. can be used to rank ¢hemicals for HRA.

Thg Inherent Factors describe the properties of a cehemical which, as
a result of interaction with a biological organlsm, are harmful. There are
three types of hazards that can be considered as Tnharert Factors when
reviewing chemicala for risk prioritizatbior,

One 13 the healtn hazard of the chemical. The toxicologlcal data
deseribes the blolegical reaponse bo contact with the chemical, and what
amount. af the chemical causes thab response. A health hazard assessment
vl a chemical can consist of reviewing human data, animal bioasaay data,
o shart-term animal ar in vitro data. Sometimes a structure-agtivity
analysis 15 alaa useful.

The physieal hazards of the chemical are the mext group of Inherent
factors to conzider. This 1s a review of Sne [lammabil.ty and explosivity
of the material, a type of harard that may somelives Se cvarlooked in o a
rizk analysis. For inatance, a risk analysis of a cnemical that 1s based
atrictly on carcinogecicity, but does not consider that the materidl is
extremely flammable, may greatly underestimate the potential for that
chemical to cause instant harm.

The ekird set of Inherent factors that are important to review are
72 enviranmental properties of a material. The two major cateparies of
tnterest are himaccumulation, and adverse coological effects, which are
also sometimes overlooked in risk azsessments. & prelimltory risk
assessment should consider what Jdamage a chemical cou.d ao to the food
chain, or non-human organisms 1f they were expesgd to the zhemical.

The three factors, health bazard, physical hazard, and environmental
harard are termed [nherent Eaczors aecause the specific propertles of a
chemzeal that will cawme 1t to Inkeract with a speeifie biclogieal
crganism 11 a particular way are inherént to that chemical. These
1nnerent charackeristics can be objectively measured by using seientific
meshnds, The ability of a chemical to explede at a particular
Lemperature, or cause ~ancer 1n a partiecular speeles at 3 certain doge
lavel, or biocaceumulate in a partieular fish ik a certairn ratc 2an be
experimentally tested and scientifically asszessed. As Zactors inherent to
the chemical, they are not subject to contrel ar alteratlaor by a
corpobatlon or gaovernmens agerady.

Now that the Flret impartant factors have been identified, it 1s
necessary o proposé eriteria that will ailow a reviewer to quickly and



aceurately quantify the rzlative lewvel of hazard inherent to the
chemical. I have usced the criteria outlined in Resenblum et al. (in
press) suceessfully, but there is no reasor why these eriittia cannet be
modified to suit 3pecific prioritization needs.

Criterin were assigued to acore six areas of health hazard: acute
hazards, subcnronic hazards, carcinogenicity, mutagenicity,
terategeniclty, and reproductive effectz. The astual criteria for fach
hazard and how they are scored are govered in detail elsewhere {Rosenblum
et al., in pressz).

The crilesia allow each type of health hazard Lo be rapidly rewiewed,
an assigned a numerical score aorresponding to the lewvsl of toxicity.
Higher scores indicaté that the chemical is taxic at lwser doses.
Weighting can be wWorked Inko the system at this point to compensate for
what iz ZSometimez comsiderad giffering levels of Severity amcng the health
hazards. For inatance, the carcinogenicity score can he given more weight
than the mutagenicity score. The individual seeres for =ach type of
health hazard are than eombined Into a single healih nazard score.

f similar process takes place for the physical hazard and
environmental hazard review. Chemicals that are more flamuakie ab
exploslve rensive a higher score, As da chemicals Lhat are highly toxic to
wildlife or fian, and rapidly bioaccumulate, The result will be three
numbers representing physical nazards, environmental hazards, and health
hazerds, anlck are then combined into 2 single "hawzard" score.

Each type of hazard would ideally be seared by an appropriately
trained individual. A& toxieologist would score the health hazards, a fire
safety speeiallst would fcors the pnysieal hazards, and an environmental
hicleglst wouid score the environmental hazards. Each could then imput
thei- number into 2 computer program which would stare, collate, and
calculate the resulta.

Onct the inherent nazarés of a chemical have been nharacterized by
rumetical scores, it is logical to then characterize the potential
expozure to that chemical by a numerical score. Qb L[5 interesting to
contrast the control that a corporatiom has ocwer Ribher the inherent
hazards (minimal) ar the potential ewxposure {significant). A corporation
can exert far grester control over potential exposure, which leads me to
deseribe the Factors used to charaeterize potential exposure as [rternal
factors. The factors are Internal in the gense thkat the amount of the
chemical produced, and now many employees ar customerz Will come in
sontact with the chemical, arc largely based on Lnternal corperate
decislons.

It i5 possible to produce a relatively accurate raaressntation of the
potential exposure to a chemical by considering chemicai related lactors,
employee/public related {acktors, and environmental discharge [actors, The
chamical related faetors score the chemieal simply on how muen af it is
praduesd.  For a prioritization system it is good enough to compars
chemicals based on how much is produeed, rather =Tnan brying to assemble
industrial hygiense data which is moras appropriate for a full HRA. It does
not seem illogical %o mzsume thab tem million peunds of a chemicul is more
likely to resuls in exposures to mare people then Gen thousand pounds.

The physical form of the chemical ean aise 22 taken into account.
Chemicals can alsc ke scored on the basis of whether they are gases,
volatile liquids, ren-vglatlle liquids, dusty or powdered solids ar non-
dusty selids.



It im also impertant to leok ab who could be exposed to the
shemical, it would be ideal to know exactly how many peopla could
possibiy be exposed, but that data i2 not likely to be readily avnilable.
Instead, populations can be identified and a seore zssizoed based on the
control the corporation kas owes # potential exposure. This is done by
cnaracterizing the potentially exposes papulations as pelonging to sne of
shree groupa:  occcupationally =xoosed through produetien of tne chemical;
ceeupaticnally exposed torough consumption of the ohemical; or edposed
through public consumer use of the chemical l'evm a finished proauct.

While expasures to Horkers may oceceur in the production of a chemical,
a corporabion nas significant contrei over the manner in uwhich ine
chemical is handled. [t can meéasure [er the rhemlcal in the workplace.
It can provide engineering controls ar persoral protectlve equipment. Tt
can adjust worker spif'ts, and the number of workers cxpozed. A
carporasion loses much of this control when the chemicai leaves the
production faeility and goes to an industrial consumer. 1L can label ko
warn, and rocommend handling procedures, hut there Ls really ne way to
guarantee or eootrol what will happen o that chemical. &s a result, the
potential far exposure should be considered increased.

Filmal.y, the least cohtrol is exerted over the general puplic that
can be exposed through use of a finished aroduct containing the
chemical. How many warning and handling labels are unread? How many
inappropriate uses will be fulrd for the product? Tha industrial
consumsr iz likely to have some training in proper handling
procedures.  wWhen a chemical resehes the general public, almost 21l
control over the potential exposure is Lo3r,

Reduced contral owar pobantial exposure tranzlates into an incroased
risk af expusure to a larger number of people who will be more
heterogeneous for age and sex. Therefore, chemicals with Lhe petential
for consumer use should be ranked higher than thaze in strictly industrial
use.

If Shers Is Some doubt about precisely eategorizing the extent aof ase
of the chemical by each population, then environrenLai dizcharge, {arother
Internal factar) can be considered. If some the chemical is released into
the atmosphere, coured inge rivers, or eventually buried, there iz a
passibility of widespread exposure. Considering the route of
eny:rormental discharge, if any exists, and approximating how muok
discharge occurs ia useful for gauging and scoring Tne potential exposure.

The two potantial exposure scores ['ve used consist of estimating the
amount of chemical produced, then assessing Cthe peopulatlons that use the
chemiral, and weighting that score With consideration of the potenhia far
exposurs through envireommental discharge of the chemical. These LWo
scoras are then combined into the potential exposurs soore,

Omee the inherent hazards and potential exposure of ithe chemical are
estimated and represented by two numbers, a relative risk gstimate cab be
caleulated by multiplying the two numbers, slmply based on the concept
that risk is a function aof hazard and exposure. In fact, an Integrated
Rigk Index System developed by RoZenblum et al. (in press) was based on
tnat cangept.

However, after applying the system Lo rank chemicals lor the
developwent of hazard warnings, Ikt became clear that to provide a system
for accurately reflecting a corperation's priorities for HRA, another
group of aclurs had to be considered.



Including ancther group of factors into the risk prioritization
caleulation resulted from the realizavion that corporations do not set
priorities and commit resources Lo HRA 1n a vacuum. There are extensive,
and powerful influences from cutside of a cerporation that can
significantly impact on a risk priloritization decision. These influences,
which can be termed External Factors, include commercial importance,
government regulation, litigation, and media coverage of a chemical.

While the latter three factors are beyond the direct control of a
corporation, the first factor, commereial importance of the chemical, 1s
Wwithin the realm of corporate control and has signiflcant impact on
corperation HRA decision making. This factor 1s external in the sense
that revenue derived from a chemical depends on its position in the
marketplace, and 1t 1s becoming 1ncreasingly clear that the marketplace is
respondlng to concerns about health risks. It is becoming more common to
find certain products being touted as "safer" than a competitor's product.

The External factors that a corporation has little direct control
aver alsc can have a major impact on HRA priority. Toxle tort litigation
is peginning to be recognizec as a potentially major drain on the
financial resources of a corporation. Sometimes out-of-court settlements
nave the effect of suspending scientifie judgment of a chemical's actual
level of risk. A settlement creates a precedent suggesting that any
exposure to the particular chemical involved 1n the litigation can be
harmful. These precedents can provide ammunition for further
litigation. The only real defense against future litigation 1s to control
present and future exposures. Increased litigation concerning a chemical
can be used as a signal to a corporation that the risks pesed by the
chemical should be assessed and managed.

Sceietal concerns about a chemical are eventually reflected by the
extent of government activity to characterize and control the chemical's
risk. An assessment of External factors should include a review of
government activities such as lists of hazardous substances for right-to-
know laws, rebuttable presumptions of adverse effects, health effacts test
rules, and TSCA 8{e) and B(e) notifications. It is also obvious that a
chemical should be considered a high priority 1f a government agency 18
already proceeding with risk assessment activities on that chemical.

If government actlvlty concernlng a chemical reriects societal
concerns about the chemical, what influence shapes soclety's opiniLons?
Clearly, the news media can play a major recle in determining the public's
opinion of the health risk presented by a chemical, and 1t seems logical
therefore to conslder this as an External factor as well. When public
attention 1s focused on a chemical by the news media, the perceived risk,
which in many cases can be as important as the "actual” risk, increases
dramatically. Both government activity and toxlc tort litigation seem to
increase 1n direct proportion to the extent of the media coverage. The
recent media event and subsequent government response cencerning ethylene
dibromide {EDB) is a classic example of this effect.

The criteria fer quantifying the External factors can be flexible,
put there seem to be some useful possibtlities for scoring the extent of
the commercial importance of the chemical, and the 1nfluence of
litigation, government activity, and the news media. The simplest method
to quantify the commercilal importance of a chemical 1s to determine the
revenue derived from 1ts sales. This information may sometimes be
aifficult co acquire, so other means such as number of units sold could be
used. It 15 also not strietly necessary to directly input commercial



importance 1nto the risk prioritization process because the "amount
produced" facter, which was assessed as part of the petential exposure
category, could be considered an indirect measure of a chemical's
commerclal importance.

Litigation can be scored by consigering the numper of cases, the
number of plaintiffs, and the dollar value of the cases. Government
regulation ean be quantified by assigning point values to different areas
of toxic substance regulation based on the impact the type of regulation
could have on the company. Higher values would be assigned to those
government activities that octur after an agency has already identified
the chemical through their own risk prieritization process. The news
media 1ppact can be scored simply on whether the chemical has been covered
by local, regional, or national news media, with the highest score going
to national coverage. The Edternal factor can then be derived from a
summation of these four scores, and can provide a corporaticn with an
indication of whether a chemical can be described as having a “high
profile" externally.

Scoring the factors I've identified will result in three numbers: the
ratings for relative hazard, exposure, and External factors. The
Integrated Risk Index System that I have used for prioritizing a group of
petroleum products, and a group of petrochemicals multiplies the hazard
seore by the exposure score, which leads to an indication of relative
risk. An External factor score could then be multiplied by the relative
risk score to provide further i1nput inge the prioritization process. It
seems desirable to 1nput the Externmal Factor after the relative risk is
indexed 1in order to better visualize the differences between priority
based on "actual" risk, and pricrity based on "perceived" risk. Alsc it
could be decided to apply the External factor only to the "top ten” of the
relative risk iist, in order to fine tune the priorities of the clearly
high risk chemicals.

This discussion of developing a risk prioritization system s
tntended as a guide not a blueprint, I have covered what I believe to be
the significant factors that should be considered when the risks of a
large group of materials must be assessed. It is up to the individual or
the corporatlon to decide which factors are necessary for generating an
nformed judgment how best to apply limited resources to the risk
assessment process It 15 hoped that this discussion makes the enormous
task of conducting Health Risk Assessments on numerous chemicals easier,
more efficient, and more accurate.
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