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YRE MUNIMIS DOSE IN RADIOLOGILAL ASSESSMENT -

AL WL KEADY !

INTRODUCT LON

The momantum 1w rapidly building withan scientidfic ard iadusiriml
weCLOre 0 farmully dedine @ dose level that represenis & neyligible
Fiwk Lo soCaieuy, @ de MipAmay dose . Aldhough the precise termanolugy
for whiw Jevael of negligible rivk iw relatively new, the perplexing
provlem of how o rose edffec cively reducs: healith dewriments or, af you
preder, amprove ool Quality of 1xfe, has exissted {or some tame 10 our
prafessioun ot nesl o physics and in ovher scientd fic dascaplines

The gquoseaon as noi really whether or not & level of g8 maoamis
gont 18 dolenvaible buy ravher are we rendy for go pinimis dose--1
supges e Whae W are novy In the bried svatemeny that follows snd
through my parvicipantion on this panel 1 will sutlsine Ry position on

Lhag 200 tEnL Jumhe

RE MINIMIS DOSE-~WHLEE DID 17 BEGIN?

Frodoeosephacally, whe concept of gde minimas dowse firse began wivh
the pram:se that a threshold dose exisied below which vhere was no harmw
from radimci an, The ddew vd weighang thie anporiance of rishbu was
provented an whe Henl il Phusics dovennl vs eariy as 196H (bowby 1965) in
& peper Liiled "Fadimtion and Other Risks " Aalthough the Latin term e

fpanamie 16 derived from vhe legmal Zrofession, 1t «as used in the context
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& rask of 1077 and 100 man-ren to & populution 1f the dose meets bOiLh
of these criteria, then it 1% considered Lo be ge pinamis.

fo dmte, nesche  oho ToHD nor the NCRE hew proposed & ¢ minimis
dowe for environmenial Cuse BsRPEEments Currently the ICHN endorsew
vhe concepy of b gocvave healih detraiment (JLaP 1983) Socieinl
consequencey of one mancrem are the same whelher they arise frum a
populeationn ot one thowbdand people exposed o 10°% rem or one willion

%

reople erponed Lo TUT® pggy The NOEE dJu consaderang formulavion of a
R Panariy concep e wiithian dte Committes on Bawice Kediavion Mrogecoaon
Criverin (hoaenvific Committes 1),

Regnrdiess of the effort by anduwtry and regulntory authorities Lo
AMplemnn. & gy magamze dote, he concep. musi have whe full siuppory of

Wheshe gerencific boudies 3¢ 1t is to gian public acceprance

AkL TrIL ADVUANTAGES REALT

Fecently 10 was pointed put in tescimony before the ACKHS thay & ge
piniean cotie could renult an @8 ret savang of up wo $H00, 000 per year per
NUC lowar power plan For 00 planvs wthis dw %40 millaon annually. his
Savang would be promacily from relaxed restrictions on the disposal of
low-level radiorctive waswes (Davis 1984) . Addicionally, it 1% argued
thay wiih b gde minanis concept, effluensy treatment Mt Ny lear faciliview
conld be reducad, chus resuloing in more savings (Clarke and Fleishman
1%64a) Presuma. oy, the same kand of savings applies 0 all licenseows
thace muse deal wich nuclear waswes and therefore the economic benefdit
werall would be signiFicancly highoe Al though we may he eager Lo
think tha: & min & dose would conserve resuurces, Wwe have made only a

cursory exaninaticog 0f the nety economic benedits. Exactly how much
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i

The courte hsve recognazed vhe exisvence of anwagnificant risks
In the so-called benzene case (AFL-CI0 ve Americen Petraleus lnutitute
1900 vhe W 5. Suprene Loury offered guancvl titive bounos s follows
Y"1, for example, the odde are one an a billion that & person will die
from cancer Ly vaking & drink of chlordnaved witve! , b FIsk Quuld
clearly noe Le conmadered significant Un the bthwr hand, if vhe ovdde

WEre one an @ vhousand thae regular anhalation of fumes {fromn gasoline

which d@re &% begzeas would e fawal , & reasonable person mighc weld
Conmicder whe riwk pignifacant and wvake BPProprieue BL®pE L0 reduce or
eliminaie Qe " The Chied Jduseice convluded, "“Inherent in whis srEwuLory
scheme 1. avthorivy o redratn from regulevion of inwignificane or sle
BAOAMIS vawmbku U Can we asigue hiay (he sane Jegal rationale wpplies L0 g
RADARLY radiacinon exposure au weldl'

v am powsible hat the guteome of recent key laitigavion invelvang
pereony exposcd vo radiacion would have been different 14 w formal .y
wcdopied de manimi s dove exisued Contrudicting this poin. wf view,
howizvaer , 2u che guebvion of how many additional cases would be upensd by
personu who cluim v be expused 1o levelw greater than ge mAnAmLg
Specidfying a level of ge mitiiman dose may Bgagrandize thewe

~

possibilitie:n

ALAKA AND DL MINIMLG-~AFRE THEY COMPATLIELE Y

Many of you followad the exchange of le.uesrs Lhatl LOok pluce in the
Healil Physics Jdournml between Foswl (1980, 1962), Lindell and Beninson
(19810 wwirt) Dunseer (1962) which examinad the imnplicacions and
interpretacions of ¢ge minimis dose and vhe ALARA pranciple Howe

Pointed ouc that by iteelf, ALARA is inadeguaie and raises the questions
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l
Lo what level should one aim when performing cose benefit analyses and

why stould we stop al ALAKA 1f there is & linear response 1o dose Dr.
Howsa furither addod wnae "Jo 1w the responsibilaty of those responsible
forr radiation prote. . ion te see to it that personsl expusures are below

Saximum poermiuwswible levels and reduced ae nedr us practicabile to se

RiNAmiE Jeveis

Laindell &and Boeninson (1981) responced ‘h-t ALAEA 18 &
Fecommonda 100 (0 OpLaimize radiacion prOu.F&ZOH and that ge minamio i
nae ALAKA, Rowwi (198e) replied that due Lo the great variabilaty
EXIBLANG 40 vhe rawk faciors Band (he necessity 1o put ¥ valiue on human
lide and suffering, the 1CRP policy of optimization cannot be performed
AN @ meaningful manner and Lhe adoprtion of & purely de minimiy dose
waild be more prudaent

The concluding Tetwer in the series by Dunster (1982) stmted that
there Js o real and signiticant aifference of objectives evident in this
&exchangs Mo sugageswed that thers iw the need for both ge minimin and
ALALA To vw obvivus aw well that dmplemencation of de minimis dowe
ecould provoke ©van mpre misundersianding among the scientific community.
14 g pinamis dowe iw ddupted, then exireme Care must be exercised in
how 38 18 used For those wishing to eliminate all exposure to the
public from radioaciive emissions, then gde minimis becomes the sitandard
theuy are seeking in radiological assessment wnd ALANA becomes obsoletie

the possibilivien for misuping vhe concept of g minamis dose are
Qr &aty . GQuly through careful guscification of the level selecied, @
sound understanding and acceprtance of ge Rinimis dose by the public, and

vhoron aorumcnievanon of he concept will these misuses be avoided
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gIoimin dose that incorpnrates consideracion of raske from wll supecis
of life dncluding non-rudioective environmentsal contaminanis? Such &
broad-bused definiwion of do miniman would certainly be more detensible
end may ulvimeiely stand up fo & longer period of time

Fifih, would the public suppori & e mainimis dose even 31 1L woene
totally endorwed by healih physicisis? This probiem of public support

Wan noted by Donscer (1988 when he emphasi zoed that SOCIetY 1% now

-
. '

Gluays logleal and gthical an how $t spends iis rescurces, au evidenced
by die revininnce o certein Rdditives in f00ds and 31% irractional views
On small doses of radismtion wo large populations such as those resulving

froe the Three Mile JTwland mecsdent
CUONCLUS TONY

The quesion as not really whether we need the concept vf de
ginimic LUl mre we ready for 3t.  The answer is clearly no. We are
gt dy 0 whie frainges aof (his imporiant issus and still have & lang wau
to go betore whe need and implicntions of de minimis are fully
e n Lond Furiher, we have given little thought vo how such an
dWporvnny concapr can be explained to and ratified by the public

The: repidicy with which the momencum is building to define a g
piodmay dowe . without international eooperation and, even more
dwporcanuly, withous cample e cuaperdidon bewtwean our own reguliacory
BOSNTIEE 16 #d CRURE FOr ouneern

The lack aof financisl wupport by U % goverinment agencies and the
nuclioar indusury o choroughly eveluate the G minimis dree concept I
wlmpn discurbing It wotld appesr that ereating sueh an important new

philaosophy in racdiatvion protecrion, especinlly one resulting in
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Risk

In a tribute to Richard Dimbleby Lord Mountbattien said: '* ‘“To &n
amateur appearing on television = which can be a very frightening
process - he was kind, heipful, and considerate’.

| wish Richard Dimbleby were here to help me tonight.

I have called this lecture ‘Risk’. Let me first make a general
comment. There is no such thing as a risk-free society. Even a
virtuous life has its risks, as illustrated by the Chinese proverbd :
‘The couple who go to bed early to save candles end up with
twins'. But there is no point in getting into a panic about the risks
of life until you have compared the risks which worry vou with
those that don't - but perhaps should. Comparisons, far from
being odious, are the best antidote to panic. What we need, there-
fore, is a list or index of risks and some guidance as to when 1o
flap and when not.

We are much more conscious of risks today than pecple were
a hundred years ago This is not only because we are better
educated, and because the accelerating increase in scientific and
technological knowledge brings with it new and sometimes ir-
perfectly understood risks: but also because the media = particu-
larly radio and television = bring to your notice infinitely more
information than was conceivable in the days before Marconi
invented radio-leiegraphy He started the world on ils long,
unfinisned journey towards communication ot distances and with
delall beyonc tne rangt of humar imagination eigniy-tnres vears
ago. It 1s not the scale of disasters like millions of gallons of ol
plastering the beaches of Brittany, or 582 people being killed
when two Jumbo jets collided at Tenerife last vear, which make
the difference. After all, the Black Death killed some twenty-five
million people in six years and Lne Great Plague of 1863 wiped
out twenty per cent of the population of London.

What does make the difierence is the speed and ubiquity with
which information about such events is now disseminated. We
learn about them within minutes or even seconds of their having
taken place and are subjected 1o seemingly endless comments
about them - fair, unfair, exact, inexact, scarifying and reassur-
ing. That is why we are so conscious of risks and why we must
be careful not to be led astray by apparently authoritative state.
ments about the risks we run or don't run, as the case may be. |
sometimes think that when talking or reading about risk. the most

*Superior numbers refer 10 the References Section al the end 3

- ————— ——— - —



Risk

dangerous word in the English language is professor, Even real
authorities are from time to time the viciims, consciour! or sud-
consciously, of their emotions and blind spots: and for every sup:
posed authority there are a dozen charlalans and axe-grinders.

1 want to go back to the past, for & few moments. Living has

slways been dangerous In the 1770s, as Christopher Hibbert
recounts:’?
The Prime Minister (Lord North) was robbed, so were the Prince of
Wales and his prother, the Duke of York, a former solicitor to the
Treasury was fired upon in his coach: the Lord Mavor was heid up
near Turmham Green and robbed ‘in sight of all his reunue’l two
daughters of Admiral Holborn were robbed in St James's Square, and
the Neapolitan Ambassador in Grosvenor Square.

Well, we still go on mugging: but in other ways life has
improved and risks have decreased. We no longer remove a
persor's limb with a saw, without an anaesthetic. No longer are
pneumonia and tuberculosis the dead!y scourges they used to be,
for rich and poor alike. No longer do we apply pigeon gung to
the feet of those suffering from Bright's disease, as they did (o
Charles 11.) No longer are 12 out of every 100 babies born deac.
as they were in 1908 ¢ The figure is now a hall of 1% instead of
12.% Such improvements will continue. provided our scientisis
can keep up with the ability bacteria have to develop protective
clothing against our latest drugs. 'One drug ahead’ should be the
applied bacteriologist's motto

But, new risks, real, sometimes imaginary and sometimes
paradoxical, have developed with the accelerating growth of
science and technology. And as | said, we are more conscious
than our forebears of these new risks, quantified or pseuco-
quantified; and tharks in particular to the media, we are more
able to be vocal about them. The growth of knowledge is rarely
achieved without the creation or emergence of new probiems,
and the growth of knowledge about risk brings with it a new
class of problem. A good example is that at one time marvellous
but ncw abhorred insect killer, DDT. It is harmful and persistent
which means that DDT does not, like some other insect Killers,
decompose readily into harmless constituents.

Rachel Carson, the founder of ecomania, was the first to cash
in on these properties of DDT. She wrote a book, Silent Spring.

*Actually in 1876

4
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about DDT, other insecticides and weed killers. 1t was an emotive,
rather plausible but somewhat one-sided indictment. Partly as &
result, Ceylon banned DDT :4 the early 1960s. But then that
couniry got a raging *=2 virulent epidemic of malaria, a disease
transmitted by a mesquite which, at that time, could have been
controlied or virtually eliminatea Ly VDT, Many therefore died
unnecessarily because we had been clever enough to develop
ways of measuring as little as 1 part in 10 million of DDT. Such
are the risks of 8 no-risk socirty. Are we geiting too clever by
half? Of course not; but we must not allow the results of our
cleverness 1o make us panic, and we must remember that one
man's poison may be another man's life.

| mentioned DDT and the possibility of being too clever by
half because there is a danger of stifling the analysis of risk, and
its treatment, by prematurely asking over.complicated questions
and raising over-elaborate difficulties. We have to guard against
three dangers: firsi, nol seeing the wood because of the com:
plexity of the trees. | shall be aimost entirely concerned with the
wood. That is to say | shall not discuss many of the risks which
may worry you . for example of smoking, Or vaccination againsi
whooping cough, sometimes because the risks in question cannot
yet be formulated in o sufficient!y ciear and simple way = 100
many ifs and buts. The second danger is tnhe belief that wnat is
all right for America is equally all right in the rest of the woric
Gas-guzzling - cars that do ten miles to the galion or less -
should have taught us this lesson. The third danger is to disregard
the cost 10 society of reducing a risk to what it is fashionable to
call an acceptable level.

This Dimbleby Lecture is not a disquisition on probability*
either from 2 philosophical or a mathematical point of view, 5¢
1 will only say one thing about the concepts underlying risk:
when ] assert that the risk of a particular event occurring Is
1 in 100, in spite of your knowing intuitively what, roughly, that
assertion means. it needs some qualifications. The most important
of these, in this context, is that the numbers | shall cite are not

sLowrance' stales that 'risk is a measure of the probability and severity of
adverse eflecis’ (p §4) Risk has yei another meaning in Statistics, to do

with Loss Functions
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absolute, in the sense that the number 3 is. 2 is neither 2§ nor 34.
It is 3. All the numbers which follow, however, like a 1 in 100
risk, should have known tolerances® attached to them In other
words, | in 100 is not exactly 1 in 102 in the world of risks, but,
for example, probably somewhere between | in 95 and | in 105
Such tolerances are important. If 1 say you are 6 feet tall, with a
tolerance of plus or minus 2 feet, no one can tell without looking
whether you are a dwarf or & giant. One of the most famous
mathematicians in history, C. F. Gauss, said: ‘Lack of mathe-
matical education is nowhere revealed s0 clearly as by meaning-
Jess precision in numerical studies.”

| said earlier that risk must be described in terms of numbers
like 1 in 100. If one wants to compare different risks, which |
believe 1o be essential, the numbers must be presenied in the
same way. Unfortunately, quite 2 1ot of people are {rightened of,
or dislike numbers, 1f, as | learmed (0 my chagrin, one says:
'‘Put a large number of 5p pieces into that one-armed bandit, and
9 times out of 10 you will get at icast three-quarters of all your
moneyv back' some people, including one eminsnt member of the
Royval Commission on Gambling, become Lneasy ‘1 found that
part of the chapter rather stifi,’ he said, ‘but then | am not numer:
ate’. Of course that was noi true, even thougn he may have
thought it was. The truth is that, many years before, he had been
put off appreciating the simplicity and economy of numbers by
some idiotic schoolteacher who had pestered anc inhibited him
with problems of the sort so well known wnen he was young, 10
do with leaky bath plugs or the cost of a pound and a quarter of
kippers.

1 shall assume from now on that | have hypnotised you into
forgetting about those problems we had to solve at school and
that you are ready for me to answer your question: 'You go on
about risks, the numbers attached to them, and comparing one
risk with another. What in practice are you talking sbout? Give
an example.’ Very well, I shall start with 8 gooc one, 10 do with
the number of peopie who had fatal accidents in certain indus:
tries in 1974. You will see that, in Table 1, 1 have put the
industries in order of danger, from which it is clear that it is

*i.e. confidence limits



Table !
ccidental deaths per million penple per year in certain
UK industries, 1:i74

Quarrying
Underground coal mining
Chemical industiries
Farming
FOOC arink
Clothing an

Conlidence limits Know

tincludes Flixboroug

much more gangerous to wo I uarry than in a clothing
factory. | said this was a g ample. It is for severa! reasons
First, each number of fatal acciden ; related 1o the same nu
ber of people, | million, working In industry, Secondly

fat snidant iec raf A 1 Eon s ¢ Sivm .
talal accicent 1s relferreg o to )] ! iime, onée

-~
ang Lhe same vear he Ngu re ncl yJumbdiec up together

incomprenensidie wi e 2. AlthOugh these

\

probably elicit commen \ What! A

- ‘)
Ced

Traflic

Al home

Al Work 8
Suicide 3896

Confidence limits known
W

‘Over 70 7/ of these are people over &,
It is not 8 risk shared Ly the

peneral napuiation aped S0
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No conclusions can be drawn from the statement thal there
were 0372 trafic deaths in 1974, though it may cause some
exclamation, unless we know whether it refers only to drivers, 10
sassengers as weli, per million drivers, per million miles of
driving. per million hours of driving and so on. We can, however,
be sure that the 3808 suicides were not out of the whole populs:
tion of England and Wales in 1974, because children under the
ags of nine do not commit suicide here'' (though they do in
. Japan). In fact, the table provides some information about which
there is not much 1o say and even less to learn, and it tells us
little about the comparative risks o' working, driving. being at
home or geliberately killing oneself.

This is not true about the first tavle, to do with occupational
risks. We know, for example, that in 1974 the risk of having @
fatal accident if you were a farm worker was 108 in @ million or,
dividing both these numbers by 108, 1 in 9200 Using a pocket
calculator and rounding off the answers, we can recast the in-
formation as in Table 3. You might conclude that none of these
activities was all that dangerous, a 1 in 3000 risk of being killed
during @ Vear seeming pretty remote But suppose you spend all
your working life in a quarry and that no one bothers, as may be
the case, to meke conditions safer. Then the risk of a quarry
worker being killed during that working life becomes only about
1 in 80. rather a different matter,

Table 3
Risk of being killed in certain UK industries, 1074

Quarrying  ___ __ __ _ . 1 in 3100
Qnaeruo_grld coal mi'im! . I in 5300__
Chemical ingustries® 17 5800

Farming T T T T 0n 9200
¥ood, arink and tobacco T in 21,700

Clothing and Tootwear 1 in 500,000

Confidence limits known
*in¢ludes Flixborough
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have in mind for you, less unemployment, less inflation, less taxa:
tion, an increasing standard of living, fair shares for all, more
pay for the police and the miners = you name il =might Le
unrealisable. because, you rught say: ‘Maybe we need a change
of Government. | want to go faster than 50 miles an hour on all
those marvelious motorways | paid for'.

You will realise thet ] am about to move on to the subject of
risk acceptability, which many people divide into two classes .
death risks that are incurred voluntarily, like taking contraceptive
pills () in 850,000 women dead per vear),'" or those that are in:
voluntary, like dying from influenza (! in 18,000 per yvear). In the
first class, acceptability is a matter for the individual if we
ignore his or her friends and family, and the cost of the MHealth
Service In the second class, involuntary risk, accepiability s of
greater public interest, and more complicated. Acceptability by
whom and for whom?

Once again ] revert to Lord Ashby who had this to say about
the acceptability of risk : '

As 3 very rough generglisation, it can be said that risks of | ina
million are of no great concern 1o the average person (though risks
of nuclear power plant disasiers are in the region of | in a thousang
miilion®) ... When the risks rise to | in 10,000 the pudlic are willing
10 incur expenditure 1o reduce the risk (for exampie crash barriers on
roads, railings at busy intersections) unless the risk is velunam, for
exampie cigarette smoking At | in 1000 a risk becomes unacceptadle
to [the) public and there is strong pressure to have it reduced.

1 find this 'very rough generalisation' hard 10 stomach, anc the
figures, apart from giving no indication of the duration of the
risk, which is essential if they are to have a meaning. confirm mv
indigestion. What on earth is meant by saving that 'the public
are willing to incur expenditure to reduce the risk'? Does the
public have any opportunity of saving it is unwilling? Is the
public ever asked if it is willing to pay for crash barriers and
railings? 1 doubt it. Of course the public asks for precautions
from time to time; and sometimes gets the brush-off as in Cam-
bridge when the Ministry refused to reduce a speed limi: from
40 to 30 miles per hour. Not enough children killed on the stretch
of road in question.

*Quoted from the Rasmussen Report.®
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To give another example of the problems of public accept
ebility, far more row is made about the possbility of a major
accident at a nuclear power station than about death from in:
fluenza. One can compare the death risk from these two sources
in the following way Assume, generously, that some time hence
we have 100 nuclear power stations in this country and, im:
probably, that no safety improvements &re made, and, equally
improbably, that the risk of death from influenza remains constant
at | in 18,000 per year. Let us make Lord Ashby's figure of |
in a thousand million for one nuclear power station disaster ten
times more probable: that is, 1. in a hundred million. Then the
risk, each year, of gying from influenza is 55 times as great as
that of dying as a result of & nuclear power station disaster when
there are a 100 of them,

You can lock at the danger, or =2k of danger, of living near a
nuclear reactor in another way. which is shown in Table 5,
which refers to the United States. It shows the risk of being
killed accidentally in various ways within 25 miles of 2 nuclear
reacLor, per year,

Table §
Annunl death risk within 25 miles of o nuciear reatior, USA™
Car accident 1 in 4000
Accidental falls I_in 10,000
Fires 17in_27,000
l}enctor accident 1 in 750,009

Confidence limits known
*Risk multiplied by 10

We have been discussing the reactions of the ‘average person.
Who is he? Certainly not Ralph Nader or the Friends of the
Earth. Nor the Westinghouse Corporation which makes nuclear
reactors, or others who are emotionally committed to the nuclear
age: though all of them can generate a ot of heat in the media,
with varying amounts of light. These and many Others are pres-
sure groups and one of the objects of this lecture is to remind
you that pressure groups will work on you or are doing so
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already, directly or indirectly, throuph the media which are n~
always sufficiently critical or objective about them. Pres' .e
groups should neither be ignored nor rejected, nor should they
be unthinkingly accepted. What | hope you will do, if vou are
sufficiently interested - and | think you should be - is to ask
yourself or ‘them’' some very simple questions.
First Is the risk stated in straightforward language that | can
understand, such as | in 10007 If not, why net?
Second Is the risk stated per vear, per month, per day or per
some period of time? If not, I shall ignore the informa-
tion.*

1 would also like you to ask another, more sophisticated ques-
tion. 1t is: Are the tolerances on the figures, or the uncertainties
associated with them, given or said to be known? If they are not,
the information must be of questionable value uniess it comes
from an acknowledged authority who knows s0 much that he can
make an informed and reasonably aceurate guest. That may be
the best one can do at a particular moment in time; but | don't
like it, even though | shall have to make do with informed guesses
later, when discussing nuclear power station risks.

Please keop these gquestions in mind when in the next vear or
LWwo, genetic engincering gets its public bashing and is simul-
taneously hailed as the saviour of mankind. Insist on both gicles
telling you, in our language, what the risks are tn training
bazterin 10 make cheap Insuiin (for diabetics). or cheap Inter-
feron (for treatment of some forms of cancer) - or something
cheap and very nasty. by accident or design.

One must not suffocate the rational treatment of risk by over.
complicating the issues too soon, that is before the basic prin-
ciples of risk assessmerit are known and accepted. Lord Ashby
is, 1 believe, conscious of this problem; but his solution makes me
uneasy. He does not deny the need for hard information - scien-
tific, economic, technological and statistical: but he goes on to
say that for what he calls ‘political decisions' to be made, another,

*Some ris. s are properly given per challenge or per event. e.g trying 1o cross
the Atlant ¢ by balloon which, according to Sir Edward Pochin (personal

cominunics. on, 8.8 1978), is associated with a death risk of 6/17 (which
must now be &/18)

12
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soft ingredient is necessary: hunch, which he equates, wrongly
in my view, with political judgment. Although intuition, which is
the same as hunch. has been described as a quick way of coming
to the wrong conclusion, | do not believe this description 1s
always fair. There is a famous story,'’ perhaps apocryphal, about
Sir lsaac Newton telling the great astronomer Hallev about one
of his discoveries. 'Yes', said Halley, ‘but how do you know that?
Have you proved it?', to which Newton replied: 'Why, I've
known it for years. If you'll give me a few days, I'll certainly find
you a proof of it' = and in due course he did.

S0 hunch is respectable, provided one remembers that you and
| are almost certainly not blessed with the Newtonian variely -
few of us are capable of hearing the mucic of the spheres
Political judgment is a very different mattr n democracies. It is
not a way, hidden from ordinary mortals, of revealing or iliumin-
ating some important truth or need for action. | do nut denigrate
politicians or their decisions by sayving that, with very few excep-
tions, they are motivated by considerations of personal power,
winning elections and the aational good, in that order Those con-
siderations, in that order, are their business, their life blood. To
give an example to which | shall come back later: small may not
alwayvs be so beau:iful as some politicians want it to be. Butl o
many people are now convinced that small is beautiful = those
fiftyv-acre farms and charming windmills = that a politician's
rationa! or logical thoughts mu\ have 10 be adjustrd to accom:
modate the beauty of the sma'l: in other words he has to exercise
‘political jucgment’,

You wili realise that | am not 100 happy about leaving the
treatm:nt of risk to the judgmen. of politicians. | prefer to believe
that i; some course of action is made self-evident by hard infor-
mation, and if that course of action is not followed. you and |
will say t¢ the politician who denies it what Queen Elizabeth the
First said to her man Cecil: 'Get out!' " Of course, insistence on
hard information is a counsel of perfection which it will be very
difficult to realise in practice. But tnhat does not mean we should
allow others to reject the possibility of being rational. We have
to try to be rational if only to minimise our reliance on the very
occasional Isaac Newton and the not 50 very occasional exercise
of that dubious commodity, political judgment which is not the

13
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art of the possible but thay of political self-preservation.

‘At what Jevel of risk should ] siart to gel worried?' | hear you
say. | am going t0 make a suggestion which | hope will not be
thought subversive. Apart from those who have suffered personal
tragedies, | do not believe there is a singlc one of you, nere or at
home, who has ever lost a minute's sleep worrying about car
accidents. The risk of being killed in o ear accident in Great
Britain was about | in 7500 per year in 1874 Why don't we
start there and say: ‘If the risk is less than ) in 7500 1 shan't
worry: more, and | shall’ Let's be more precise, by means of
examples. You can drink a bottle of wine a dey because thatl's
half as dangerous as driving a car.’ But yog should worry if your
boy rides a motorbike because it is 75 times more dangerous than
driving @ car'" We need that index of risis. don't we?

But what do you, a member of the paublic, do if you are
worried? Lobby vour MP or loca! councillor® Join a pressure
group® More likely nothing because most of us are an easy-
80ing lot. It takes a hell of a risk to make Bs say '‘Get out!’

However, things will gei easier in due course. Microprocessors
will make possible cheap and simple tele-referenda. That is to
82, the questions will pop 4P on your television screens and
there will be three new buitons, ‘yes', 'no’ and ‘don't know', for
You te push. Then you will be able to watzh the resuits after
Match of the Day every Saturday evening.

in this lecture 1 have already given some examples of pooriy:
fermulated risk information and commented adversely on them
Let me give you an example (Figure 1) of en utterance by what

Figure |
We &lmost
Lost Detroit

By John G. Fuller
272 pp. New York
Reader's Digest Press, $895%

I will charitably call an emotionally ov.c-commitied man, and
at the same time the follow-up, by an emotionally over-commit.

*1in 7572 10 be accurate, averaged over the (otal population of Great Britain.
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ted lady in the press, in this case The New York Times Book
Review, on 30 November 1875, There had been &n accident in
the small Fermi nuclear reactor near Detroit. No one was injured,
nor were there any serious consequences oulside the reactor.
The reviewer, Mary Ellen Gaie, said:

When things went awry at the Enrico Fermi reactor near Detroil, fous
million people went about their busingss in happy igpnorance. ‘While
the technicians gingerly tinkered with the renegade's invisible -
terior, They knew what the pubiic did not = & mistuke could trigper
& nuclear explosion, ¢

In fact, & nuclear explosion 15 no more feasible in a nuciear
reacior than it 1s from chewing pickled cucumbers or gum.'* That
does nol, of course, mean that nuclear reactors are as harmless
as chewinggum. On the contrary they must be treated with the
utmost care: and they are, | believe in this country.

I want now 10 discuss & subject called risk accountancy.” with
particular reference to nuclear power generalior,. Dr Herber:
Inhaber, of the Canadiar Atomi: Energy Control Board. has re-
cently studied the application of risk acccunting to solar energy
devices and to those power stations which derive their energy
from coal, oil, naturai gas, wind or uranium. (There are those who
say that Dr Inhaber has not only studiesd this subject but that he
has also stuck his neck out uncomfortably far from his own point
of view.) Risk accounting means that if you want 10 attach risk
numbers (o an enerpgy machine such as a power station, y¥ou must
add up all the risks associated with the production of a particular
amount of energy, from the word go. ‘Go’ starts with the raw
materials out of which the power station is made = how one gets
hoid of the iron, copper and sand; how one turns them into sieel,
copper tubing and glass components: how one transporis these
components, how one converis or consiructs them inio power
stations. Finally, how one gets the coal, oil, uranium and natural
gas 10 the power station. Of course, one doesn't havg 1o ‘get” the
sun or the wind They come to us. That's why, apart from their
inexhaustibility, thev are so attractive to some people, leaving
the ‘small is beautiful’ concent aside.

The results of risk accounting are surprising and perpiexing =
perplexing because they run counter to our intuition. ‘Surely the
risk of being hit by the blade of a windmill is negligible’, I hear
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vou thinkir g. Possibly: bul hav. you rer embered the risk in
getting and fabricating the materiag wic: which the windmill
produces that energy, apan from making and erecting the stand:
by plant for when the wind happens (o have stopped blowing®
When one adds up the to.al death nsk from producing a
particular quantity o1 energy, & Surprising picture emerges,
Table €. the risk of energy production from uranium or natural
gas is clearly srualler than from coal, oil, wind or the sun Good:
bve huge windmills? Gooduye solar energy? Windmills, yes, |
suspect, except for small ones, some solar energy uevices pro-

bably not.
Tabie 6
Estimated deaths for a specified energy output (10 GWy)*

CoMl e 1800

o= T 2051300

Wind Lol 236=1900

Solar, space haating T 90100

Uranium ol

Natural Gas S

] must mention, despairingly, that each yvear the peoples of the
world flare or burn as wasie 7 trillion® cubic feet of natural
gas.t the safest of the iot. No one knows, apparently, whal else
1o 40 =« how to collect it and put it to good use. Those 7 trillion
cubic feet are about equivaient to this country's whole energy
consumption in 1877, Of course, some waste is inevitable: but if
our non-renewable sources of energy are running outl s¢ Quick!y.
as we are told at least once a day, would yvou not think a little
more effort might be madc to put some of those wasted trillions
10 good use? As a matter of fact one can make excellent edible
protein out of North Sea natural gas and | think | was the first
or, perhaps, the second person 1o taste it, not without some
trepidation, | must confess. But my fear was irrational and there.

*] trillion = 10"
tEstimate by Shell, 1878
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fore to be deprecated. There was no risk. The protein had aiready
been analysed and there was nothing harmful in it

Why do | say | was the first or, perhaps, the sccond person Lo
taste protein from North Sea natural gas? Dr Norris, who had
prepared it, said to me, ‘Try it, it's perfestly okay'. For a split
second | asked mysell, '‘Has he really tried it, or am | to be the
guineapip?' If Professor INorris, as he now is, happens to be listen-
ing to this lecture, he can retrospectively put my mind at rest.

Let's spend a moment on the controversial one, uranium power
generatic. . The table showed that it is one of the safest sources
of energy (including one or two left out) and much safer than
energy based on coal, oil or wind. Can it be true? The answer is
yes. But what gre the risks associated with a nuciear-powered
electricity generating station and the allied operations” There are
some eight possibie risks, Table 7. With one exception | don't
think the odds against these evants have been given before.

I believe that most of you .re more worried about nuclear
power problems than other pubiic and involuntary risks. Things
have propressed since the Fiowers' Roval Commissica reported
on this subject in 1976, but there are still prodlems to be solved,
| have, | hope, cieared up quite a few of them. But one headache
| have emphasised before in public, the disposal of radicactive
waste from nuclear power stations, still persists. If, as | expect,
the environmental lobby will continue Lo sabotage efferis even
to examine the possibility of finding suitable places for radio-
active waste disposal in this country, far below the surface of
the earth. then | say 10 our Atomin Energy Authority: ‘For
God's sake sail away and find an uninhabited island, free from
volcanoes and with the right geological characieristics. Gel crack-
ing there and don't tell the econuls where vou have gone, or else
they may be waiting to weicome you'. There are morc than 2
hundred thousand islands to choose from.

In this lecture I have used the derogatory words econiania and
econuts. That does not mean that | am against the preservation
of the environmeni. How could | be, given that in 1815 my
father prepared, for the then Ministry of Agriculture, the '‘Pro-
visional Schedule of Areas in the United Kingdem considered
worthy of preservation’. He also created the Society for the
Promotion of Nature Reserves. In his Will he ordered the destruc-
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of this year" the number of premature deaths which can be
ascribed to the creaticn and operation of a coal-fired power
Lation of the usual size is 400 times as many as in the case of a
n clear power station, a figure much more in favour of nuclear
wower even than Inhaber's. The National Coal Board and the
Royal Commission on Environmental Pollution should debunk
these views if they are wrong = and as s00n a8 possible, at jeast
80 far as the United Kingdom is concerned. If they can't, the
taxpayer wili get an astronomical bill, il the politicians ¢+¢ide 10
ditch nutlear power

When | was head of the Government's Thin: Tank | once
asked a Cabinet Minister whether he thought we were of any
use 10 the Cabinet. Me replied, ‘You make us think' If this lecture
makes you think about risk for a minule of two = quite a long
time, incidentally, 1o think hard and continuously « it will have
210 ‘eved one of Its purposes Another is to persuade Vou Lo 88,
v, aps there's something in what he said, even if it was only
the beginning and the subiect gets more complicated later. We
really ought to be given a chance to conmpare the different risks
around us belore being put Into & panic by some spparently
suthoritative utterance. 1i's not as difficull as all that' 8¢ wh
not produce an index of risks 80 that you can decide above what
level « road fatalities, perhaps = you should get into a paric. and
below what level - death from influenza = you should relax.
That's quite 8 biy spread, from | in 7800 to | in 18,000 per year
for the region of nersonal choice

Let me end with a quotation from Spenser's Foeric Queen:
‘Be bold, be bold and evervwhere be bold: bul be not 100 bold’
- particularly when making, or walking near, & windmill
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