Risk Assessment and Comparisons:
An Introduction

RicHARD WiLsoN AND E. A. C. CRoUCH

Risk assessment is presented as a way of examining risks
s0 that they may be berrer avoided, reduced, or otherwise
managed. Risk implies uncertinty, so that risk assess-
ment is largely concerned with uncertainty and hence
with a concept of probability that is hard to grasp. The
results of even the simplest risk assessments need to be
compared with similar assessments of commonplace situ-
ations to give them some mcaning. We compare and
contrast some risk estimates to display their similarities
and differences.

VERY DAY WE TAKE RISKS AND AVOID OTHERS. IT STARTS AS

soon as we wake up. One of us hves in an old house thar had

old wiring. Each ume he umed on the bght, there was a
small nsk of elecrocunion. Every year abour 200 people are
clectrocuted in the Unuted Srates in accidents nvolving home wiring
or appliances, representing a nsk of death of about 1075 per year, or
7 x 10~ per bifenme. To reduce this nsk, he got the winng
replaced. When we walk downstairs, we recall that 7000 people dic
cach year in falls 1n U.S, homes. But most are over 65, 50 we pay
bole arenoon to this nsk since both of us are younger than that.

How should we go to work? Walking 1s probably safer than using
a bicycle, but would take five umes as long and provide less healchful
excrase, A car or, betree, public transport would be both safer and
faster. Expediency wins out, and the car comes out of the garage.
Fortunately, the choice nowadays 1s not berween horse or canoe—
both of which are much more dangerous. The day has just begun,
and already we are aware of several risks, and have made decisions
about them.

Most of us act semi-auromancally ©o mimmize our risks. We also
expect socicty to minumize the risks suffered by 13 members, subject
to overriding moral, economic, or other constrants. In some cases
these constrasnts will dominace, 1n ochers there will be wade-offs
berween the values assigned to nsks and the constmines. Risk

asscssments, cxcept i the simplest of circumszances, are not der

effectively ihuminate, and then to minimuze, nsks requires knowing
what they are and how big they are. This knowledge usually 15
ganed through expenence, and the essence of risk assessment is the
appbcation of this knowledge of past mustakes (and deliberate
actions) in an attempt o prevent new mustakes m new siuanons.
The results of risk assessments will neccssasily be 1n the form of an
esumate of probabilities for various events, usually inyunous. The
goal in performing a risk assessment is to obran such estimares,
although we consider the major value in performing a risk assess-
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ment 15 the exercise uself, in which (ideally) all aspects of some
acnon arc explored The results, goals, and values of performing the
nsk assessment must be sharply contrasted with the culrural values
assigned to the results. Such cultural values will presumably be
factors influencing socieral decisions and may differ even for nsk
estimares that are idenncal in probabiity.

Risk and Uncertainty

The concept of nsk and the nobon of uncertainty are closely
rclated, We may say thar the lifeame risk of cancer 15 25%, meaming
that approximarely 25% of all people develop cancer in thar
ifeumes Once an individual develops cancer, we can no longer tatk
about the nsk of cancer, for it 1s a certanty, Sumilardy of 2 man hies
dying after a car accident, the nsk of hus dying of cancer drops to
near zcro. Thus estimates of nsks, insofar as they are expressions of
uncertainty, will change as knowledge improves.

Dufferemt uncertainnes appear in nsk estimadon in different ways
{2). There is clearly 2 nsk that an individual wall be kafied by a car of
that person walks blindfoided across a crowded strect One part of
thus risk is stochasnc; it depends on whether the individual steps off
the curb at the precise moment that a car amves. Another part of the
risk mught be systcmauc; it wall depend on the nature of the fenders
and other features of the car. Sunularly, if two people are both heavy
cigarette smokers, one may dic of cancer and the other not, we
cannot tell in advance However there 15 a systemaric difference 1n
this respect berween being, for mstance, a heavy smoker and 2
gluttonous eater of peanur butter, which contans aflatoxin Al
though aflaoxin 15 known to cause cancer (quute hkely even in
humans), the risk of ¢ancer from eanng peanut butter 1s much lower
than that from smoksng cigarertes. Exactly how much lower 1s
uncertain, but it 1s possible 1o make esumates of how much lower
and also 1o make esumates of how uncertain we are abour the
difference

Some esumates of uncertainnes are subjecave, with differences of
opwmion ansing because there 1s 2 disagreement among those
assessing the nsks. Suppose onc wishes to assess the risk (o
humans) of some new chemucal bemng introduced into the environ-
ment, or of a new technology Without any further informanion, all
we can say about any measure of the risk 1s that it bes berween zcro
and unaty, Extreme opinsons mughe be voiced, one person mught sav
that we should minally assume a risk of unity, because we do not
know that the chemnical or technology is safe; another maght take the
opposite extreme, and argue that we should insually assume that
there is zcto nsk, because nothing has been proven dangerous Here
and elsewhere, we argue that it 1s the task of the nsk assessor to usc
whatever informaton s available to obrain a number berween zero
and one for a nsk esumare, with a5 much preaision as possible,
together with an estimate of the impreasion. In this contexe, the
statement “I do not know™ can be viewed only as procrastinavion
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and not responsive to the request for a risk esumate (although thus
should not be read as condemmng procrasunagon mn all arqun-
stances)

The second extreme mentioned, the assumption of zero risk, can
anse because people and govemnment agencies have a properisity to
ignore anything that 15 not a proven hazard, We argue that this
atotude 15 inconsistenc if the objective 15 to improve the public
health, may also lead to economic ineffiiences, and often leads o
unnecessary contention between experts who disagree strongly
Fortunately, of nsk assessors have been diligent in searching out
hazards to assess, few hazards posing large risks will be nussed 1n this
way, so that chere may be mnor direct danger 10 human health from
a continuation of the ararude.

Risk Estimation Based on Historical Data

The way in which nisks are percerved 1s strongly correlated with
the way an which they are calculared Risks based on histonical data
are parucularly easy to undersrand and are often perceived reliably
It 15 thercfore easy ro 1llustrate a risk calculared from histoncal data
t understand some characterisucs of nsk eswmanen. There are
plenty of data on automobile acadents (although never enough o
make risk assessors happy). One dung that these data can tell us s
the frequency of such accidens in the past and dheir wrend through
time. To make predicnons, however, we must use 2 model. The
simplest mode] is that there will be as many acadents next year as
last, to within a stausucal ervor of the square root of the numbee, A
sbightdy more complicated, but perhaps more accurate, mode! might
be to fit 2 mathematical funcnon 1o numbers from previous years
and to argue that next year’s accidents will follow the wrend given by
dus funcoon. A possibly betrer and possibly more accurate model
still sught use all avadable information thac might influence accident
wends. For example, an oil embargo with a concomutant rise in ot
poes and reduction in automobile travel would be likely to reduce
the risk of acddent In any event, it becomes clear dhat it is
impossible to calculate any nsk without a mode of some sort, even
the simple one that tomorrow will be like today.

Risks of New Technologies

We can only use the lustorical approach t esamanng nsks when
the hazard (for example, technology, chemical, or simply some
action) has been present for some tme and the risk 1s large enough
to be direcdly measured (although when it is not farge enough ro be

Table 1. Companson of several comman radiation nisks

Dose Cancers of
Acoon forey U8 WW"‘”“
yan) (assurming kneanty)
Mcdical x-rays 40 1100
Radon gas (1.5 pCifber, equuvalent 500 13,500
dose)*
Potassiam 1 own body 30 1000
Cosmi radianon at sea fevel 40 1100
Cosmic radiavon at Denver 65 1800
Dosc 10 avengnnsndem near 5000 Not relevant
Chernobyi year
One rransconunental round mp by ar 5 135
Average withan 20 mules of nuclear plant 002 >
“The adon the hungs and be whale
extemal m‘l;: o Phcs-v: nm basxs of mu:?ﬁdmgnmdew ufb:-i:."

exposuce. 1 he companson
The uncertunty of the radon number 15 at beast & facror of 3
268

Tabie 2. Somec commonplace nsks (mean values with uncertanty)

Acnon Annual risk

Motor vehicle acodent (wotal)
Motor vehicle accident

Uncertainty

24 x107* 10%
42x107° 10%

{pedestnan only)
Home acadenc 11x107* 5%
Electrocunon 53x10°% 5%
Axr poliunon, castern Unuted States 2 x107*  Facror of 20
downward only
Cigarente smoking, one pack per day 36 x 10 Factor of 3
Sea-levdl background radianon 2 x107° Facorof 3
{except radon)
All cancers 28x 1070 10%
B
6

Four nablcspoons peanur bureer per day

x
Drasons s peanta bues per x 10™* Facor of 3
water A t X
chlorof

107 Factor of 10

ormn
Donking warer wath EPA himut of 2 x 107" Facrorof 10
mchloroedylene
Alcohol, hght dnnker 2 x10°* Facworof 10

Police kulled 1n bne of duty (wtal) 22 x 107 20%
Pohce julled in hne of duty (by felons) 1.3 x 107* 10%
Frequent flying professar 5 x107% 50%
Mountaineering

{mountancers) 6 x107* 50%

measured, an upper lumit may be calculated, 1if one assumes some
sort of model). If there is no historxcal database for the hazard (
new powee plant or industrial faciliy, for instance), one approach
to consider it in separate parts, calculzung the nsks from each p
and adding them together to esdmate a risk for the whole, F
example, all possible chains of cvenis from an initator to 2
actydent are followed 1n an “cvent wee,” with the probabilines
each evenr in the wee being esumared from historcal dara
different siruations.

A particularly well-known example 1 the calculadon of
probabiliry of 2 severe accident at a nuclear power plant (3) Th
this procedure has at least a partial validity is due to the fact that
design of nudlear power plants proceeded v approximacely thi
factorable way; attempts were made to imagine all majpor acaden
possibihnes, “maximum credible accidents™ or “design basis aco
dents,” and then to add an independent device o prevent th
accident from having severe consequences. To the extent that
added safery device 1 independent, the faure probability 1s inde.
pendent, and the small overall acadent probability is the product at!
individual falure probabilides whuch are larger. .

L34 1.3

Risks by Analogy: Carcinogenic Risks

Some caranogenic nsks may be esamated from hustorical da
Bur this 15 comphcated by the ame delay berween the insult and
final cancer, onc reason why causabty s hard to prove if the nsk
small. Thus is the difficult field of eprdemiology.

Although some of the largest cancer nsks have been iden
through the use of epidemiology (#), prevenove publc heal
suggests that we endeavor to esumate risks even where no histonaal
data exist and the nsk is small. Thas is often done by analogy wity
the cancer nisks o ammals, usually rodents, whach are deliberaely
exposed o large enough quanates of pollutant so that an cffect u
observed. To use these dat to estimate the nisk at low doses
people involves (to oversimplify marters) two difficult sceps the
comparson of carcinogenic potency in animal and man (5-7) and
the extrapolation from a hugh dose to a low dose. Because both stepg
require a certain amount of theory, they are controversial. Indecd,
there are thosc who regard the uncertainty as so great that they
prefer not 1o provide numerical esnmates of nsk (8, 9), although
they may order matenals in carcinogenic porency The differenct
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between this and providing 2 numencal esumate 1S umportant, but 1s
one of presentarion rather than substance,

If there are no arumal data, or if 10 an animal experument there 15
no stansucally significane effect, it does not necessanly mean that
there 15 10 nsk. If che cxperimenters have been diligent, the nisk is

probably small, although never zcro, even though rhat may be the
best estimate. Various attempts are made to use data even less direct
than the animal bioassays to estimare nsks 1n such cases These
include simpk analogies based on cherucal simlanty (10), and
comparison with outcomes other than cancer—for example, muta-
genesis (11) and acure toxiary (12, 13). Not surprsingly, these
more indirect procedures arouse cven more controversy than the
ammal bioassays.

Therc have been few attemprs ro perform risk assessments for
biological end points other than cancer. However, 1t is known thar
the polhants 1n cgarette smoke causc at least as many deaths
through heart problems as by cancer (14), and we should not be
surprised if other carcinogens were to produce chromic effects other
than cancer For now, the cancer risk asscssment has to act as
swrogate for these other nsks also.

Risk Value Versus Certainty of Information

After risks of a number of situznons have been assessed, we often
warnt 1o order them in order to deaide whuch should command our
atrention. 1t is not always the order of increasing sk that is used for
such purposes. There have been proposals o order potential
ardnogens on other factors (8, 15), such as the ceranty of
informadion.

Vinyl chloride gas has been found to causc angiosarcomas both in
people and 10 rars. Since an angiosarcoma is a rare mmor, the risk
ratio (the ratio of the observed number of cancers in those exposed
1o the number expected by chance) is of order 100 or more in some
cases. If an angiosarcoma is seen in a vinyl chloride worker, the
annbunon to vinyl chioride exposure is almost cerrain. On the other
hand, the number of persons who have been heavily exposed ro vinyl
chlonde 1s small, so thar only abour 125 angiosarcomas have been
secn among vinyl chioride workers worldwide in the last 20 years.
Now that exposures in the workplace have been gready reduced, no
angosarcomas anmbutable to recent occupational exposure have
been seen. We do not know the dose-response relanon, but it 15
generally believed thar the response falls ar least hnearly as the
exposure is reduced, so that no more than one cancer is expected In
several years.

We can compare this with the possible cancer inadence that was
predicred by the Food and Drug Admunistzranon {FDA) in 1977
from usc of saccharin {16). This was based on expenments with raw,
leading to an addidonal uncerminty. More people ate sacchann than
were exposed to vinyl chiloride, and nearly 500 cancers per year were
cstimared for the Unired States alone. For vinyl chlonde we
therefore have the situation that the individual nsk 15 now low, yet
there is considerable certainty tha there 1s a risk For sacchanin the
risk 15 higher, but there is more uncertainty about the value of the
risk. Some persons, in some situanons, may demand that more
auention be given to the nsk from vinyl chlonde than to the nsk
from saccharin; for other persons or situabons the reverse may be
the casc.

Comparison of Risks

The purpose of nsk assessmenr 1s to be uscful in making decisions
about the hazards causing fisks, and so 1t is imporrant to gain some
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perspective abour the meaning of the magnitude of the nsk.
Comparisons can be useful. We are not bom with an msunctne
feebng for what a nsk of one 1 a mulhon per bfenme means,
although we d6 learn that some nisks are small and others large It1s
partcularly helpful to compare nsks that are calculated 1n 2 simular
way For caample, the nsk of traveling by auromobile can be compared
to that of waveling by horse wath the use of histoncal data

Another common procedure 1s to compare exposures only Table
1 shows 3 list of radiauon cxposures in typical siuanons (17) The
dose-responsc relanon for radianons with stmular energy deposition
per umit track length will be sumular, although there may be some
correcton required for dose-rate effects, so that ordenng by expo-
sure should be similar 10 ordening by risk. In estimanng the number
of lethal cancers on a lincar hypothests, we have here assumed
approximately 8000 man-rems per cancer (at low doscs), tn itself
uncertan by 30% or more.

An example of companison of nsks that are simlarly calculated 1s
the companson of risks of various chlonnated hydrocarbons in
drinking water. The nsks to humans are estimated from caranogen
bioassays 1n rodents (rats and mice). Since these are similar maten-
als, we might expect thar the dose-response relauonships have the
same shape. Chloroform, wiuch is produced by inmeraction of
chionne with organic matter duning the chionnation of surface
waters to kull bactena, produces cancer in animals 20 nmes as readily
as does michloroethylene, an industrial solvent chat 15 occasionally
found 1n well waters as a result of accidental pollution. Although
neither is known to cause cancer in people, we might expect that
chioroform would do so about 20 times as readily.

Table 2 shows a variety of risks calculared 1n vanous ways and our
esumate of the uncerminry. They are deliberatcly jumbled to
provoke thought by juxmaposinon. [Risk esumates quoted by the
Environmental Protecnon Agency (EPA) for caranogens tend to be
grearer than those shown 1n Table 2 by a factor approximately equal
to the unecraainty factor—this is not accidental (5, 18).]

Contrasting Risks

Obyections have been raised to nsk compansons on the ground
thar they are misleading  Thus would be true of all risks of the same
numencal magnitude were treated 1n the same way, But they are nor.
In some cases it 15 useful 1o contrast risks to mdicare the dufferent
ways 1n which they are treated i society. In Table 3 we give an
example by companng and contrasung the caranogenic effects of
aflaroxan B1 and dioxan, both among the most caranogenic chemu-
cals known. The difference 10 treacment of these two marenals 15
perhaps a reflecnon of different values assigned ro vanous aspects of
the problems caused by their presence.

Aflaroxan and dioxin have similar toxiates and <arcinogenic
potency (perhaps wichin a factor of 10, although bath measures for
both chemicals vary substanually with specics resred). The certainty
of information for aflaroxin 1s great, There 15 less informanon about
carcinogenicity of dioxin Dioxin may be a promoter and pose 3
munuscule risk at jow doses, whereas afiaroxin 1s almost certainly an
wubator also. Nonetheless such standards as there are appear o be
more stmingent for dioxin, possibly because dioxin 15 an aruficial
chemucal and ibly because 1t was a trace component of a
chemucal mixture (Agent Orange) thar was uscd 1n warfare.

The small nsk of a large accident in a nuclear power plant can also
be contrasted with the more numerous small accidents or events that
ocour every day 1n the miming, ansport, and burming of coal Cne
fearure that 18 brought out ciearly here 1s that we do nor always
compare the risk averaged over nme, but worry more abour nsks

that are sharply peaked in ume.
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Expression of Risks

Just as a comparison of nsks ss an aid n understanding them, so 15
a carcful selecuon of the methods of expression. 1t 15 hard to
comprehend the sadsacal (stochasnc) nature of risk. There are ways
to mibgate thus dufficulry in comprehension. We are almosr all used
to one such staustcal concepr—the expectauon of life When we talk
abourt the expectation of life being 79 years (for a noasmoking male
i the United States) we all know that some dic young and that
many live to be over 80. Thus the expression of a nisk as the
reducnon of hife expectancy caused by the risky action conveys some
of the stansucal concepr essental 1o its understanding. One paracu-
lar calculanon of this type can be used as an anchor for many people,
because it is easy ro remember. The reduction of ife expectancy by
smoking cigarettes can be calculated from the risk, one in 2 mullion,
of smoking one cigarette, muluphed by the difference of the average
life-span of a nonsmoker and a lung cancer vicum, Thus wurns out ©
be 5 rmunures, or the nme 1t rakes 1o smoke the one cigarete.

It is important to reahize thac risks appear to be very dufferent
when expressed 1n differene ways (19). One example of tus can be
seen if we conmder the cancer nisk to those persons exposed to
radionuclides after the Chernoby) disaster. According ro the Soviets
(20), the 24,000 persons between 3 and 15 kidometers from the
plant, but excluding the rown of Pripyat, recaived and are expected
to recerve 1.05 muliion man-rems total integrated dose, or abour 44
rems average. Even if we assume a linear dose-responsc reladon,
vath 8000 man-rems per cancer, the risk may be expressed n
different ways. Dividing 1.05 million man-rems by 8000 gives 131
cancers expected 1n the hfetimes of that population. This 15 Jarger
than, and for some people more alarmung than, the 31 people within
the power plant 1sclf who died within 60 days of acute radiation
sickness combined wath burns. Dividing che 131 again by the
approxumatcly 5000 cancer deaths expected from other causes, the
acadent caused “only” 2 2.6% increase in cancer. This scems small
compared 1o the 30% of cancers auriburable to eigarerte smoking.
The difference 1s even more strikung If we consider the 75 mulion
people 1n Byelorussia and the Uknaine who recerved, and will
recerve, 29 million man-rems over therr hifenmes. On the lmear dose-
response relation this keads © 3500 “extra cancers,” surely a large
number for one accident. But dmding by the 15 million cancers
expected in this populapon leads to an “msignificant” mcrease of
0.0047%. Of course, none of the methods of expressing the nsk can
be considered “night™ 1n an absolute sense. Indced, 1t is our belief
that a full understanding of the risk involves expressing 1t 1n 25 many
dafferent ways as possible.

Cost of Reducing a Risk

Another interesung and instrocove way of companng nsks is by
comparing the amount people have paid tn che past ro reduce them.
It mighr be thoughe that peopic would try to adjust their acovites
until the amount spent is roughly the same. Cohen (21) has shown
that the amounts spent vary by a factor of more than a mulion. He
shows that it would be possibk even for an American ro save fives in
Indonesia by axhing i immunuzarion at $100 per Iife saved. Society
is wiling to spend more on environmental protecnion to prevent
cancer (over $1 mullion per life) than on cures (abour $50,000 per
life with the hugh value of $200,000 for kndney dialysis raising some
objections). This rano 1s in rough accord with the maxam “an ounce
of protecnon is better than a pound of cure,” People are willing 1o
spend sull more on radiation prorecnen at nuckear power plants and
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Table 3. Com%won of two very toxic cherucals, aflatoxin Bl (22) and

diomin (23}, C Cenrers for Discase Control
_ Measure Aflatoxin Bl Dwun
Acure ronary Hagh Equal
Caranogemic potency 10 people ~500 Unknown
[ (kg - day)img]
€nIC potency to Fats ~5000 ~5000
[(kg - dav)/mg]
Muragenic Yes No
Cerranty of mformanon on human Hagh Low
mmator Imnaror DPromorer (%)
Pombdny of thruho& dose raponsc Low High
Source Narural Ammficial
Common knowledge Lirtic known  Agent Orange
FDA acuon level 1n peanuts (ppb) 20

CDC kevel of concern n soil (ppb) 14

on waste disposal. Economuses and others often argue thar efficency
depends on adjusting soaety until the amounts spent to save hves in
duffercnt situations are equalized. It seems to us thar sociery does not |,
work that way. People are aware of the order of magrurude of these
differences, and approve of them. Nonetheless, we believe that l
providing thus information to a decision-maker 15 essental for an |
informed decision, l
i
!
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