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MEMORANDUM FOR: .R. Cunningham
.

@. tool
F.'Congel

,

l Barrett
J. Buchanan
C. Feldmen
R. Alexander
HEB Staff

FROM: William A. Mills, Chief ,

Health Effects Branch
Division of Radiation Programs

and Earth Sciences, RES .

SUBJECT: DE MINIMIS

The enclosed document is the text of the John Till's panel presentation at the
recent HPS midyear symposium, it raises and discusses the important point:
Are we ready for de minimis levels of radiation dose or radioactive ,

-

<

contamination?
,

If you have an I would appreciate
knowing them. y coments or views on John's osinionEspecially, since the Sciencesanel of the Interagen$

s

Comittee on Radiation Research and Policy Coordination (CIRRPC/SP) ymay
consider this issue in the near future within its general attention to
radiction protection standards.

|, .,

William A. Mills, Chief
Health Effects Branch
Livision of Radiation Programs

,

and Earth Sciences RES,

Enclosure:
As stated
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The m u tn a n tie.w sw rapidly building within scientific and industrial;

! ti o c t o c h to formally deianu a dose level that t uprwurn t,b k noHligible
J

rih 9 to Society, as iht nLalpttu done. A3though the precise termanology

for 1his Jovel of negligible risk tu relatively new, the perplextng

problem of how to snowt offec.tzve19 reduc.t health idett iments or, if you
,

p re f et' , improve our quality of itfe, has existed for momu tame in our

prufewniun of nealth ph9udem and in other scient:1 fic disciplines ,
,

The quebi.2On 26 nut really whether or not a level o f g p y,tt e i tn i a

done is doloubible b u i. rather are we read 9 f o r sig E1.na,mi,w, d o rs e-1. . I,

$nggest that.~we are not. In then brief statonient that f ollows' e.nr!.

throtagh n,y pas ticipation on- thim panel I w131 outline my position on

this 1.n; s u t t a n t. iwwue.

|
|

DE tiltHfth, DOSE--WHERif D1D IT - t/EGIN7 '

i

,

Pf eid usophiusall y , the concept o f jLe mLeijjn3,A dose ' fi r 5 t begn tt with
I t hev promise that a threshold dome exis ted ' below whitth ' there was nn harin '

from tatUntion. The idou of weighing the importance of risks was _ ;
i

pre wnved an the Line.L).l!.) BJ11t&1.t21 dDUEIRQ p b early as 19eb.(Sowby'396S13 n-

n paper tit]ed "Padiation and Other Ris k s ," Although the- Latin ters 5!p-- :

gtJ n s m1,1 19 derived frnm.the '

i t was' used: i n the. contex t f
Jegal-ptofemmion, -

,

v -m.,,---,,w.m.,_,=,,-m---,', .~, s ., +ma.,-a-_+s-,,, ,,,,--,,,~.we'.rw-,- , ,,...,,,,,..w,,nnn.,-,---,,-, b-+,.,,.,-~~$e,,-n~a- we -
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of radioactive material contaminution by the into 1Y70's (Roger et al.
1976) and associatect wi th risk by Cyril Conom e (1979). From a survey of

the open laterature, it appuurs that Fisenbud (1980) was the farst t, o
,

combine she two wardh 112 2,.LQiAib and duue at t. he 1YOO NCRP unnue) ,

D e u i.i n g 3 et has papur "The Concept of gg 3)M,Aia Doku " Si nt e 1900 there

hem been a flurry of articles und letteers proposing vagrious levuls of gg
gin 1Ill(h dumo , interpreting its meaning, et nd , jus ti f ying i ts neud. From

*

ull of thab infurniat3nn about the only thang that can be concluded with

cot sai n t.y s tu 6 hut we are f i nu'll y learnt ng tu spell the term Shi JLt.011ml,y
correctly. It is unfortunate that the term is being used loosely, often
to have the same m e a n d . ,J ns. AL AF4A , threshold d o s ee , and "below regulanory
conceret." Luch r, f theme has a distinctly diffurent meaning; 4.h e y are not

o g n u tty nes Littiu progress hau boq >i nado regarding the defini tiori of n
.

level, the i u ti. t i f i c a t i o n of sne need for Mg miniegli, or public
accopswr.co of 4.hu concept- 1he Unit e s sii t y of g blic acceptance is a

commun cone 3ouiun ;i n many artic1cm und, an enphnsizett by-Mills-(1984),
ik li6ely more i mpor ta n t. t.hnn reaching a n ,) consenbum of the level

itse3f.

PROPOSED LEVELS OF QE til,N.J,tiLCi 005E

4

Proposed levels o f ,d.R Ej Dimig dose range from 0.1 mrum/ guar to S00

are+/ 9wer, representing a.t)r pitst.wis risk ranging-between 1,U x 10-" and.

9 x 10 " (abson.ing a riek factor.of 1.8 x 10 -*' hesil t h o f f ect s / ren. )
(Cohen et al. 1904) Aw yet no level has been m'ecepted within the

U n i t -wl Staten; huwever, the National Raddulogicn1 Protecti on Gottrd in

the Uh1t.ed Kinodum hab adopted a formal position on gg g j d).1_g i g ( C l a r k u

irnd Fleimhman 1904) They wuggest S meum to the individuni representing

_ - . . - . .
- _ _ _ . _ . . . . . . , . . - ' - ' ' '

' ' ' ' ' - - - - - ~ ~ ~ ^^~
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a rask of AO*' and 100 e nn- rea, to a population. If the dose sieets both
1

i

of these cr1teria, then it is cons.idered to be Mt ' s,ini a ti.

Io date, neithe- the I Uf D nur the NCF<P hau propos,ed 1a 1.9 panie.AE

-dowe for-environmental ca s.e as ses s me n t e. . Currentig the-ICHP endorses. .

the concept of object.tvu henith detramont (ll.WP 1983) Societal
i

consenquences of one man-rem are the same whether they aris.o from a
i

populataan of one 't h o u w a n ct people exposed to 10 * rem or one u.illion
| *.

peopleg e s. p o n 6-11 to 10-* rem. The NCNP - i n consin cluri ng f o rm u :l at y. i u n o f a!

CIi pildJ.1h concep s within'its Committee on Unbic kadini.t on Prutoct, ion,

i

C r a te,ri a (Selentific Committ.ou 1),;

Reig h e d:l es s. of the effort by industry and regulatory authorities to

i m pl+. men u et ,19 majj a.m.is d o s e , the concept muut have the full siu ppo r t of<

1

; thewe s,c i e n t i f i c. bud'tes if.it is- to gatin public acceptance,

i

ANE 'ItlC ADVANTAGES FSAL 73

|
|

!
; Reec e n t l y it was pointed out in teutimong before the ACP5 that a - #t2

i

j . m.inLEin done cou3d renult an a not -sinv a ng of up to $500,000-per gone per
|

! nuclear power * plani.. For 60 p i n n u, t.h i m is:540 million--annually, This
!
!

sava ng wou:! d be primarily from relaxed re s t ric t i o ns; on the - di sposial of

; l o w -l ar ve l radianctive wasites (Davis 1984). Additional 1_g, it'is argued
*
,

h

|- 1.ha t with n (In pjja.itdA co ncep t , effluent treatment ut nunlour facilities

{ could bu reduwd, t. h u s resulting An more savinga -(Clatrke and !"leiwhman
]
J

'

'1904). presumn.4y, t he ~ sinme kind-oF savings ap p ) i ten to all l i c e n si e e m

t,h a c ni u s, t. deal with nuc3enr Wnsites and therefore the economic benefit
i
j overe13 wou)d tm t, i Onj ficant 3 y h i ghor A3-though we may.be enger'cto-
i
'

think that jg .mj U G .. q. d os,e would conserve resources, we hnvu made onig n
|
3 cursory e x a m i n a t i t. . . - of the. net economic benefits. Exactly how much;
i
J

4

-,e3,,- - , , - , ,,y,-,,. ,y, *.e' , , - , +w.,%,,,<-.mi.v-..,-..-nw,, , m,- . r-w , , + - .,,-w,- e.,,,,,,-e,-- ,,,,,,,.yu.e,.y e w ** .%,.
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effluent treatment would we removte? What about, a.hu cost of implenienting
the concept and selling it to the public7 Have we considered the costs
t h a t, will incur trying to prove that domeh to the population are truly
below the d*J. Al tu,gjA l e v e) Theme topics dowerve more at,tention in thu i

-

future bcf uru weg cat n way gg pindmi tt dose i s. Justifiable o n u n. ec o n o m i t.:
; basis,

16 S ti Ml Wiu el et i mod that Societ.y wi31 benef*it in more thatn purely
economic ways Davis (19041) noted that a f r M.rd.E,ig. c o nce p t - wo u ] d

; increase pubite assurance by duregulating strict controis on very low
i

l e v el s, of e x p; sm r u . On the other hund, have we considered how-nuch more-
cwnru the pubide will be of exposures t, h a t are above gr d,M,g.i.g.but
still of very 3cw r i s. k ? 'T o what degree will the public inmint that
ex poteurou tie kept below da minim.igt Will the pub 13.c s.tt11-accept ALAMA

or will it d eir. a n d #1- m 2B 1 mn't

Lt. GAL ASptCTb Of .pA RU$f1P100b0.

The-U,b. Nuclear Regulatory Comminision (NRC) regards the concept

of g.k min 13.iu done as largely a-legn3 one and the choice of a numerien1
level a judgemenL based on social-and technical. considerations (Mills
1984) 'llu NRC miready has the authority (by the Atomic Energy Act) to
e m u m p t, from its licen53.ng requirements. certain t y p e n. , quantities, .and

use ci-rudaunciave ma tera n1b if it findu the exemption will not p r e s,e n t

an unt'en+nnable ris k to the common defense and.securiLy or to the health

und Lefety of the general public The problem the NEtC huu with this
authorsty .i t, t h n i, no-3 eve) of trifling c:ikk has been iden t i fied by t h e.
scie n ti f.i t community. 39 it therefore the re nip o n s i bili t y of. he Nku to
establish i LS- own guidelines for de M nim.'s dose?

4

'

m
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Thu courts have recognared 6he extuwence of i ns a gni f tt.an t rikks.

In the n.o-called benrene cube ( AFL-CIO v s . American Petroleum Institute

$900) thu U.S. S u p re n.e Court offered quanta tu tive b tai n c h as f o l l ows. :

"If, for example, the udds, ar e one in a billion that a por' son wil) die ,

, from cancer by taking a drink of c h l o r'A n n o u d water, the r i ti k could
1

l
.

| c3enrJ V not be consiclered signi f a cunt . Un the other hand,-if the odds
1

I

w o r'es o rie an a thousand t h a t, regular' inhalut. ion of fumes f r o tu gamoisne
*.

- w h i c h - .ir r e 2% b u s.i e n e would be fusal, a renounable person maght wo31

conwades che risk signjficant and take a p p r o p r' a n t e steps to rwduce or

a ll re i nni e lt." The Chief JuuLice concluded, "3nherent :io this stututory

schemo i t. a u t.h o r :l t y to refenin from regulation of inningnificant o r sfc
.

m a n i .nd A r .t h k u . " Can we argue t h a i, thu same legal r+tiunale appl. twt, to Qg
I si j n j p,J g r a d ,i n t i o n expod.ure au well'(

It ari puwsable that the outconie of recent key litigation involvang.~

pe n sio ne em p o we:d tu rud: int.iun wou3d have been different if ;n formn139-

udop t e d .dx yt .gj.nd.g d n s e e x i s tt'd . Contrad$cting this point u1 view,
.

l

however, i tc t. h o questian of how many additional casem would be opunned by

p o rt. o n w who claim to be expused to l ev el o _ g rea t e r t han _ fl2. E;i U.W ry .

Spoc14 91 og - a level o f si.S 3.1,gJ m.;Lg d o w e . m a y aggrand12u thehiu
| ~

- possibilition,

( AL# IRA AND QG f11 NIM 1.ja.-- ARE. *1 HE Y COMPA11 DLE..?

Many of you followed the exchange.of letters (. h n t took pince in the

11?& .lt! J'h u s.ish 3!.gu,r, cal be t wee n Ro s w J (1980, 1982 L, Lindell u rid Beninson-l

( 1981. e , a n tJ Du n w .en' (1982) which ex ami ned the i nip l:i ca t i o n s .and

interpreta t 3 ansi of gl.g alniAi,gi dose and the ALARA principle. R u s t. i

pointed out that by itself, ALARA is inadequate and ruises the questions -

-. _ - . _ . - _ _ - - . . . . _ . - _ . . . _ . . . _ . _ . . . . . _ . - , . , . . _ . . _ . . . . . - . _ . . . . _ _ - , _ , _ , _ , . _ . . , . , . - _ , - - . _ _ . .
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to what level should one aim when performing coht benefit analyset, and

why should wo stop at ALARA if there is a linear response to dose. Dr.

Russi further added s n a t. " l i, tw the responsibality of those rwkpunsible

for radiation protegidun to seu to it t h at t personal exposures are below -

ouximum permibwab1w l e v e l t, and reducud as nwar as practicable to .de

gjndmiA Jevuls."

Li n d o,1 :1 and f>oninbun (39Hji rewpunded that ALARA is at
*
.

r wc u m niu n d a s. 2 o n (. o op t. i n,17 e rad,iation protect.1on and that.dy al.ni.gd .g iu

n o t. ALARA, Roswa (1968) rep 11ed that duw to the great variability

eis i s ti n g .i. n who rank furtors and the necessity to put at value on hurrnn

life and suffering, the ICRp policy of optimization cannot be performed

in a meunangful manner and the ados. tion of a purely dg 31 nim.i.g. dose

won 1 tl be more prudenL,
|

'the concludjng letter in the series by Dunster (1982) stated that

there Js a real and significant. difference of objectives evident. in this

exchange. He unggested that there is the need for both #R P1DAR1JR and
ALARA. 3 i. >w obviouu as well that imploment.ntion of Sg gLrligdy dosoi

could provoke evon more misunderst.anding among the scientific community,

If dg p.1JLimAs dose iw adupted, then extreme care must be exercised in

how it is usud. f'o r those wishing to eliminate all exposure to the.

public-from rad:ioactive emissions, then d.g ginjply!, . becomes 1,he standard

they are weeking in radiological assessment knd ALANA becomes obsolete,

~f h u p o s s i bil:i t l e s for misucing the concept of d g. m 1 1Li pt,1 3 dose are

g rh i. . 0n39 through enruful justification of the-level selected, a

sound understanding and neceptance of dg Finimi.s dose by the public, and
s.hurun occumentuc3on of the concept wi31 these m i s u ro e s be avoided.

_ - _ _ . - - , . . _ , , . _ _ , . , _ , . . _ . . . . . - ._ . , ~ . _ . . . _ . - - _ . . . . , . . , . , . - .
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WHAT ARE 1HE pRul:tL.Et%7

.

Abwuming t his 1)x pfA t|1AJJt concept aw sceepted by the pubase, at what
level should is be set? As aletady indicated a range spanning nearly .

t,hree orduru of magni tude curren tly ex a tats . W. .,s t e v e r 1cvel tw proposed,
novural i nn po r t a n t questionb must be resolved.

Fiiut, how du we nusure that the selection of a level o f $1.1 PA.DiFJJi
*
.

dobo is .tu i aniernational rD= cision, m e h :l e v e d through the I C itP with

specific reeummondutJunu from individuul n a t i o n s '/ 1he implications of

anall deso% u n - wa r i ci populationu f r o n- global cycling radionuclides and

the dispnmal of radi ou e t :i v69 wawtes in the ocenns make the assessment of
radiantu l a des re3e.6berd to t. h u environment, un international as wul) as a
no i. i u nc t reuponsibility.

Sucund, how do we avoid overlooking the buildup of long lived

radionuclides thun. may yield doses to the public that are le s, s than ILg

minipL.E toting but could lead to irreversible levels -of expos.ure that are
above tig RT-Jiudq in t he - future i. f - t h e i r relea9e i s. i g n o r e d'( 'lC x a m p l e w

includu *. **C, and m' l .

Third, are we prepared for the imp: ct that a si,g. mitu,gda d e be will

have on our estearch programm investigating the effects of exposures to-

chronit , low- 3 evel r a d i n't.i u n - a n d the transpurt a,n d fa1.e of radionuclidesi
in she envaronment? I t. is possible that these programs will suffer
gecacJy by the acceptance of-n #2 Ei.DlR.in_ concept. Additionally, have

wo cone.idered how a f)s pg,JJJ3J3 dus.e cou3d suppress the formulntion of

now idess on thresho3d dose siuch as those discussed recently i n lhi
*

U."M 1 tti l'09Ei.1'M h.9!2if ul'1 HRwlil21..LCI' 1 Del f ord 1984I bea ng perf ornied at

Brookhnvin und the relativoly new emphemis on rad;!ntion harmesis?

Fourth, have we considered the importance of en.tablishing a sin

1
.. ..

.

. . . .. .
-

------ - - - - - - - -
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#

m).migh dose that incorporatew consideration of riskw from all aspectue
!

,

of l i f e, including non-radioactive environmental contaminants 7 Such a

br oad-based defini tiun of dr.irgJ1131h would certainly be more defensible
!

grid may ultimato19 stund up f o r' a longer period of time. .[
Fif1h, would ihu pub 3ic suppori.a d.m. .!!Linim.13. d o sie e v e n if at were

totally endorbud by health physicists? - T h i ni problem of pub 315'. support

wnu noted by Du n s te:r - ( 1964P ) when he emphas; ired that society is n o t,
t ,

always.logioul and ethica:t -in how it :wpends its rebources,Eus evidenced

tiv i t s. resistance t o ce r t a;i n m ndditives in fouds and 1ts irrational:viewn '

,

on s, mull doses of radiation to large populations.such as t. hose rewulting

f r o n- t hes Three Mile Ibannd ace,idont,

CONCLUSIONS
i s

lhe q u sp 'i. :f o n de not rtsally whether we' need the concept.of;W.E.
- .9,inf. mig bu t a r +^ we_ ready for it. The anwwer is clearly no. -We are

.h e r e l y on t. h u f e:i n g e u .n r (. h i s important issue and still-havu.a long way-

to-go before the need and imp 3dentions-of W,$r minip,1y are ' f ully q

understood. F ur t.hur , ' we' have given little thought.t.o how such an

-i tep o r t a n t concept can be explained to and ratified by the public.

Thea rapidity with which the moment,um-is building to define a.d.g

r.iaj p,.r.;Li!, d o s e , without internationn1 cooperation nnd, even,more

i n.p o r i.u n u l y , without complet.u cooperat. inn between our own-regulacory

aDeneaen in a enune-fur concern.

The lack of financial bupport by U.S. g o v e r n'm e n t agaencies and the
~

noplane industry in thoroughly evaluuto the d!.1 minimiR dc,be concept =is-
also diaturbing 1t wot 1d appear-that creating.such an important new

,

philosophy-dn radiation.-protect 3on, especiall y one ;resul t.ing in

. _ , _ . _ , . . . - . . . . _ . _ - ~ . . , _ . . _ . . . _ .,.,. , ,. - . _ ,- _ . _ .. .. .. - . . . . . , , , . . . . . .
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purported w i g ni ficali t financial savings to hucauty, should recesvo more
|

) 1
thr.;n to ken as si s tance . '

We must also conwider ali,ornatavus to As t h 2A, Gera tai n J y one
.

Oppoaling approHCh Would hk the use of screeni ng techniques s.uch as
i

those bt:ing prepared by the NCF4P (Till 19W4 ) in which very sample,

calculational met. hods are usud to evaluate radionuclides released to the
e nv i ro nn.en t . 3f the reuult of the an sc eis pie n t du below a cutoff point.

*
.

t. hen nn further action is takeni if thu analysis gives a value of dose
abuve the cutoff poant, then the mode) user muut app 39 more

.

Sophatticated methodb-und perhaps get cuLulde absistance.

Our Guc3ety must proceed with cantjon. The concept of ghi p,A n j y d yi

dose niu b t be appecached curefull9 and, if w .ind at alJ, applied with

the wiwdun. shat bu-vearb of henith physics knuwledge hab given ub.

.

. . ... ..
.
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Risk,

| In a tribute to Richard Dimbleby Lord Mountbatten said:" 'To an
'

amateur appearing on television - which can be a very frightening
process - he was kind, helpful, and considerate'.

.

I wish Richard Dimbleby were here to help me tonight.
I have called this lecture ' Risk'. Let me first make a general

I comment. There is no such thing as a risk free society. Even a
virtuous life has its risks, as illustrated by the Chinese proverb:
'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 you 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 to
flap and when not.

We are much more conscious of risks today than people were
a hundred years ago. This is not only because we are better
educated, and because the accelerating increase in scientine 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 telegraphy. He started the world on its long,i

'

unfinisned journey towards communication at distances and with
de:a0 beyonc tne rangt of human imagination eignty tnree years;

ago. It is not the scale of disasters like millions of gallons of oilt

| plastering the beaches of Brittany, or 582 people being killed
when two Jumbo jets collided at Tenerife last year, which make
the difference. After all, the Black Death killed some twenty five
million people in six years and tiie Great Plague of 1665 wiped
out twenty per cent of the population of London.

What does make the difference is the speed and ubiculty 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 to 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 esse may be, !
,

sometimes think that when talking or reading about risk, the most

' Superior numbers refer to the References Section at the end. 3

.

w



-_ _ - - - --- - . . --

i.

|

..

a

9

.

.

Risk

dangerous word in the Eng!!sh language is professor, Even real ,

authorities are from time to time the victims, conscioucty at sub-
consciously, of their emotions and blind spots; and for every sup-
posed authority there are a dozen charlatans and axe grinders.

I want to go back to the past, for a few moments Living has
,

always been dangerous. In the 1770s, as Christopher Hibbert
recounts:'
The Prime Minister (Lord North) was robbed; so-were the Prince of

. Wales and his orother, the Duke of York; a forrner solicitor to the
Treasury was fired upon in his coach; the Lord Mayor was held up
near Turnham Green and robbed 'in sight of all his retinue'; two
daughters of Admiral Holborn were robbed in St. James's Square, and
the Neapohtan Ambassador in Grosvenor Square,

Well, we still go on mugging; but in other ways !!fe has ,

improved and risks have decreased. We no longer remove a
person's limb with a saw, without an anaesthetic. No longer are
pneumonia and tuberculosis the deadly scourges they used to be,
for rich and poor alike, No longer do we apply pigeon dung to
the feet of those suffering from Bright's disease, as they did to'

Charles 11,8 No longer are 12 out of every 100 bables born dead,
as they were in 1905,* The figure is now a half of 1% instead of
12." Such improvements will continue provided our scientists
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 I said, we are more conscious

,

than our forebears of these new risks, quantified or pseudo-'

;

quantified; and thanks in particular to the media, we are more
able to be vocal about them. The growth of knowledge is rarely

j achieved without the creation or emergence of new problems;
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 now abhorred insect killer, DDT. It is harmful and perststent

,,

which means that DDT does not, like some other insect killers,
decompose readily into he.rmless constituents.

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

'Actually in 1976.
,
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about DDT, other insecticides and weed killers,it was an emotive,i i

rather plausible but somewhat one sided indictment. Partly as a ,

result, Ceylon banned DDT h the early 1960s, But then that
country got a raging -d virulent epidemic of malaria, a disease
transmitted by a mosquitewhich, at that time, could have been
controlled or virtually eliminated by ODT, Many therefore died
unnecessarily because we had -been elever enough to develop*

;

ways of measuring as little as 1 part in 10 million of DDT, Such |

are the risks of a no risk society, Are we getting too clever by
half? Of course not; but we must not allow the results of our
cleverness to make _us panic, and we must remember that one
man's poison may be another man's lif e,

I mentioned DDT and the possibilltv of being too clever by
half because there is a danger of stlDing the analysis of risk, and -
its treatment, by prematurely asking over. complicated questions
and raising over elaborate dimculties, We have to guard against
three dangers: first, not seeing the wood because of the com.
plexity of the trees, I shall be almost entirely concerned with the

'

wood. That is to say I shall not discuss many of the risks which
may worry you: for example of smoking, or vaccination against
whooping cough, sometimes because the risks in question cannot
yet be forrnulsted in a suMeiently: clear and simpleLway - too
many its and buts. The second danger is tne belief that wnst is
all right for America is equally all right in the rest of the world,'

Gas. guzzling - cars that do ten -miles to the gallon.or less -

|
should have taught us this lesson, The third danger is to disregard
the cost to society of. reducing a risk to what it'is fashionabl_e to'

call an acceptable level.
This Dlmbleby Lecture is not a disquisition _on probabllity,'

_

either.from a philosophical or a mathematical point of view So
I will only say one thing about the concepts underlying risk:
when 1 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 I shall cite are not

,

't.owrence' states that ' risk is a measure of the probability and severity of
adverse eSects' (p. NK Risk has yet annther meaning in Statistics, to do
with !.oss Functions.

5
,
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absolute,in the se'nse that the number 3 is. 3 is neither 2f nor 3},
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,1 in 100 is not exactly 1 in 100 in the world of risks, but,-
for example, probably somewhere between 1 in 95 and 1 in 105.
Such tolerances are important,if I say you are 6 feet tall, with a*

tolerance of plus or minus 2 feet, no one can te!! without looking -
whether you are a dwarf or a giant. One of the most famous
mathematicians in history, C. F. Gauss, said: flack of mathe- *

matical education is nowhere revealed so clearly as by meaning.
less precision in numerical studies."

I said earlier that risk must be described in terms of numbers
like 1 in 100. If one wants to compare different risks, which !
believe to be essential, the numbers must be presented in the .
same way. Unfortunately, quite a lot of people are frightened of,-

or dislike numbers, If, as I learned to 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 least three quarters of n!! your
money back', some people, including one em!nent member of the
Royal Commission on Gambling, become uneasy. 'l found that
part of the chapter rather sti. ,' he sald;'but then 1 am not numer-i

ate'. Of course that was not true, even though 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 and inhibited him
with problems of the sort so well known when he was young, to
do with leaky bath plugs or the cost of a pound and a quarter of
kippers.

I shall assume from now on that I 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 about? Give
an example.' Very well. I shall start with a good one, to do with
the number of people who had fatal accidents in certain indus-,

tries in 1974. You will see that, in Table 1, I have put the
industries in order of danger, from which it is clear that it is

'i.e. conMenee limits

6*
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Table 1 .

Accidental deaths per million people per year in certain
UK industries,1974-.

Quarrying -
- ' 190

320-

UiidergFound coal riiinl
ChettitcaTindustries*"{g
Farming

-'
172

109

Cloih~[mg and fatwearFdid drihk 'afd'iotiaEco'
' ~64,

2

Confidence ' limits knowm

* includes Flixborough

much more dangerous to work in a quarry than in a clothing
,

factory, I said this was a good example. It is for several reasons.
First, each number of fatal accidents is related to the same num-
ber of people, I million, working in that industry. Secondly, each
fatal accident is referred to the same period of time, one year,

- and the same year. The figures are not jumbled up together in an
incomprehensible way, as in Table 2. Although these figures will-
probably elicit comment, such as: 'What! All those suicides?'
or 'How on earth did all those people get killed at home?', there
is a serious flaw in it, absent from the previous one in which the
accidental deaths were given per year (1974), but also per million
peopic in the some industry.

.

*

'Iable 2.

Non. natural death.< in England and Wales,197 l'''

Trame 6372'
<

AL' h'ome 5747'
At 76tk * 692*

S01'c.ide - 3899' l
.

.

Con 6dence limbs knowm
'Over 70 9 of these are people over O.
It is not a risk shared by the --
reneral pnpubtion and S 65,

,
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No conclusions can be drawn from the statement that there i;

were G372 trame deaths in 1974, though it may cause some
exclamation, unless we know whether it refers only to drivers, to -
p3ssengers as well, per million- drivers, per million miles of
driving, per million hours of driving and so on. We can, however, j-

~

6

be sure that the 3899 suicides were not out of the whole popula.
*

tion of England and Wales in 1974; because children under-the
age of nine do not commit stticide here" (though they do =in

-

,

-

Japan). In fact, the table provides some information about which. *

there is not much to say and even less to learn; and it tells-us -
little about the comparative risks o' working, driving, being at
home or deliberately killing onescif.

This is not true about the first toole, to do with occupational.
risks We know, for example, that in 1974 the risk of having a
f atal accident if you were a farm worker was 109 in a million or,
dividing both these numbers by 109,1-in 9200. Using a pocket
calculator and rounding'off the answers, we can recast the in-
forrnation 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 a year 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 make conditions safer, Then the risk of a quarry
worker being killed during that working life becomes only about-
1 in 60, rather a diff erent matter.

.

%

,

Table 3
,

Risk of being killed in certain UK industries,1974-'

Quarrying 1 in 3100
'

Underground-coal mining 1 m 5300'
Chemical'~6tdustries' I in 5f00"'

.

Farmmg ;
''

J in s2To~
Food, d'rdik andTo'bacco 1 m 21,760'
cTothing and footwear '-- 1 in 51i0306

Confidence Itmits knoutt

* includes Flixboroush

,
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Reverting to incomplete information and the difnculty- of -

makir.g inferences from it, this is a quotation" from a recent
article by Lord Ashby, the eminent, thoughtful, level headed and

.

persuasive scientist - I shall use him on more than one occasion
as a jumping off point, jumping on him as we!! from time to time.
He said :

Much more signl6 cant and puzzling is the apparently irrational atti.
tude which people have towards environmental hazards , , Some 7000
people are killed and Kmc 350,000 injured each year on the roads of
Britain. Yet this perpetual carnage - nearly 1000 killed or injured every.

day - generates no public outrage.
.

Let me be the devil's advocate for once and for a moment.
I shall omit the injuries and concentrate on those 7000 deaths,
Let us accept without question that they occur 'each year'. Is
that ' perpetual camage'? Should it evoke 'public outrage'? If it
does not - and it does not - we had better start by putting that
Agure into perspective, that is by comparing it with some other
sources of carnage. It is done in Table 4, which some of you may
nnd familiar. Please do not think that this table is intended to
persuade you to minimise or ignore the gravity of road fatalities
which in this table are expressed as a numerical risk, per year,
instead of only deaths in some year or other. But you will nnd
that politicians will be rother chary of imposing a maximum
speed limit of 50 miles an hour on all roads where the limit is
not already 30 or 40, though if they did, both energy and lives
would be saved. Why then, don't they do it? It would not
really be dif3 cult to enforce. I shall put the answer politely. Their
judgment, a concept to which 1 shall come back later, tells them
that people would not like it. And then all the other goodies they

Tobic 4
,

Risk of being killed, per year,1974
-

,

Quarrying 1 in 3100
UridTrg~round coal mining l'in 5300.

Tarming 1 in 9200
Roid"aTeident 1Iri7500

Confidence limit.s known

0
.

.

<,
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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 .it-might 1;c !

-

untenlisable; because, you might say: 'Maybe we need a chorige '

of Government,I want to go faster than 50 miles an hour on all
those marvellous motorways I paid for',

You will realise that I 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 (1 in 50,000 women dead per year)" or those that are in.
voluntary,'like dying from influenza (1 in 16,000 per year), 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 Health
iService, in the second class, involuntary risk, acceptability is of

greater public, interest, and more complicated. Acceptability by
.

whom and for whom? i
Once again 1 revert to Lord Ashby who had this to say about 4

the acceptability of risk:"

As a very rough generalisation, it can be said that risks of :I in a *

million are of no great concern to the average person (though risks
of nuclear power plant disasters are-in-the region of 1 in a thousand
million*),,, When the nsks rise to 1 in 10,000 the public are wilhng
to incur expenditure to reduce the risk (for example crash barners on
roads, rallings at busy interwetions)-unless the risk is voluntary, for,

example cigarette smoking, At 1 in 1000 a risk becomes unacceptable,

to (the) public and there is strong pressure to have it reduced,

I find this 'very rough generalisation' hard to stomach. and the
j figures, apart from giving no . indication of the datation of the

risk, which is essentialif they are to have a meaning. confirm my'

indigestion What on earth is meant by saying that 'the public
are willing to incur expenditure to reduce the risk'? Dees the
public have any opportunity of saying it is unwilling? -15 the
public ever asked if it is willing to pay for crash barriers and< '

I railings? I doubt it. Of course the public asks for precautions
. from time to time; and sometimes gets the brush;off as in Cam-
i

bridge when the Ministry refused to reduce a speed limit from
j 40 to 30 miles per hour. Not enough children killed on the stretch- -

of road in question.

' Quoted from the Rasmussen Report"
1
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To give another example of the problems of public accept-
ability, far.more row is made about the possibility of a major , -

accident at a rmelear 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 are made; and, equally*

improbably, that the risk of death from influenza remains constant'

at 1 in 18,000 per year, Let us make Lord Ashby's figure of 1
In a thousand million for one nuclear power station disaster ten'

.

times more probable: that is, l. in a hundred million Then the
risk, each year, of dying from influenza is 55 times as great as
that of dying as a result of a nuclear power station disaster when =
there are a 100 of them.

You can look at the danger, or itck of danger, of living near a
s

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 a nuclear;

reactor, per year,
I

( Table 5
i

|
Annuni death risk within 25 miles of a nuclear reacict, USA"

|
Car accident - 1 in 4000

|
~ ! In I0',000

*

Accidental falls

-

l'iri 27,000Fires ~
~

R..eacto.r.. accide n.t
1 tii750:000' ,

'

Confidence limits known
'

' Risk muhlplied 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 lot 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, through the media which are n" '
,

always'sumciently critical or objective _about them. Pres':.e
.

groups should neither be ignored nor rejected; nor should they .;
be unthinkingly accepted. What I hope you will do, if you are
sumclently. interested - and 1;think you should be - is to ask
yourself or 'them' some.very simple questions.

'

First is the risk stated in straightforward language that I can
understand. such as 1 in 1000? If not, why not?

Second is the risk stated per year, per month, per day or per
some period of time? If not, I shall ignore the informa--

tion.'
.

I would also like you to ask another, more sophisticated ques.
tion, it is: Are the tolerances on the figures, or the uncertaintics
associated with them, given or said to_ be known? If they are not,
the information must be of questionable value unless it comes
from an acknowledged authority who knows so much that he can -

' make nn informed and reasonably accurate gue:t. That mny be
the best one can do at a particular moment in time; but I don't
like it, even though I shall have to make do whh informed guesses
later, when discussing nuclear power station risks.

Please keep these questions _in mind when,in the next year or
two, genetic engineering gets its public bashing and is simul.
taneously hailed as the saviour of mankind. Insist on both sides
telling .you, in our language, what the risks are in training
bacterin to make cheap Insulin (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 assessment are known and accepted. Lord Ashby
is,I 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 ststistical: but.he goes on to
say that for what he calls ' political decisions' to be made, another,-

'Some risrs are properly siven per challense or per event, e.s. tryins to cross
the Atlant c by balloon which, according to Sir F.dward Pochin (personal,

ccenmunics Jon, 8.8.1978), is associated with a death risk of 6/17 (wh4ch
must now be b/18).

*
|
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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. I do not believe this description is

i always fair. There is a famous story," perhaps apocryphal, about

|
Sir Isaac Newton telling the great astronomer Halley 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,

J known it for yearsilf you'll give me a few days, I'll certainly find
you a proof of it'- and in due course he did.

So hunch is respectable, provided one remembers that you and
I are almost certainly not blessed with the Newtonian variety -
few of us are capable of hearing the music of the spheres,
Political judgment is a very dlRetent mattr. m democracies. It is.

not a way, hidden from ordinary mortals of revealing or illumin-
ating some important truth or need for action. I do nut denigrate
politicians or their decisions by saying that, with very few excep-
tions, they are motivated by considerations of personal power.
winning elections and the national 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

| always be so beautiful as some politicians want it to be. But so -

! many people are now convinced that small is beautiful - those
I fifty _. acre farms and charming windmills - that a politician's

,

rational or logical thoughts may have to be adjusted to accom.
modate the beauty of the smail: in other words he has to exercise
' political judgment'.

You will realise that I am not too happy about leaving the
treatment of risk to the judgmen; of politicians.1 prefer t_o 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 I'

,

| will say to 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 that 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 so very occasional exercise
of that dubious commodity, political judgment, which is not the

13'
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art of the possible but that of political self preservation.
'At what level of risk should 1 start to get worried?' I hear you '

say, I am going to make a suggestion which I hope will not be
i

thought' subversive Apart from those who have suffered personal'

tragedies,1 do not believe there is a single one of you, here or at
home, who has ever lost a minute's -sleep worrying about car
accidents. The risk of being killed in a car accident in Great
Britain was about 1 in 7500 per year in 1974.'" Why don't we
start there and say: 'If the risk is less th.an 1 in 7500 I shan't
wony: more, and I shall.' Let's be more precise, by means of

1

examples, You can drink a battle of wine a day because that's
half as dangerous as driving a car.r But you should worry if your

s

boy rides a motorbike because it is 75 timer more dangerous than
driving a car." We need that index of risks, don't we?,'

But what do you, a member of the p::b!!c, doolf you are
wonied? Lobby your MP or local: councillor? Join a pressure
group? More likely nothing, because mos., of us are an easy _.

.

going lot, it takes a hell of a risk to.make us say 'Get out!'
However, things will get easier in due course. Microprocessors

will make possible_ cheap and simple tele-referenda. That is to
say, the questions will pop bp on your television screens and
there will be three new buitons, 'yes', 'no' and ' don't know', for
you to push. Then you will be able to waten the results after

|
Match of the Day every Saturday evening.

In this lecture I have already given some examples of poorly.I

formulated risk information and commented adversely on them.
Let me give you an example (Figure 1) of cn utterance by what-

Figure 1

We Almost
.

lost De<troit,

By John G. Fuller
;

|
272 pp.'New York- -'

Reader's Digest Press, g8 95 '
'

I will charitably call an emotionally ova-committed man, and
-

at the same time the follow up, by an emotionally over. commit.

1 -'l in 7532 to be accurate, averaged over the total population of Great Britain.

.
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.

_:_ . . _ _ . .

.

5

L

. . - _ .-_. . .--- , ~ ,.,--- . . - - _ , - ., . - - . . . _ - - , . -



_ __

.. .

.

.

s

.

4

t

Risk

ted lady in the press, in this case The New York Times Book
Review, on 30 November 1975. There had been an accident in
the small Fermi nuclear reactor near Detroit. No ora was injured,
nor were there any serious consequences outside the reactor.
The reviewer, Mary Ellen Gale, said :

When th!ngs went awry at the Enrico Fermi reactor near Detroit, fom
rnillion people went about their business in happy ignorance, *hile
the technicians gingerly tinkered with the renegade's invisible in.
terior. They knew what the put,lic did not - a mistake could tng;ct
a nuclear explosion. "

In fact, a nuclear explosion is no more feasible in a nuclear
reactor than it is from chewing pickled cucumbers or gum." That
does not, of course, mean that nuclear reactors are as harmless
as chewing gum. On the contrary they must be treated with the
utmost care; and they are,1 believe, in this country.

I want now to discuss a subject called risk accountancy,r' with
! particular reference to nuclear power generatior.. Dr Herbert

inhaber, of the Canadian Atomic 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, natural gas, wind or uranium. (There are those who

.

say that Dr Inhaber has not only studied this subject but that he
L has also stuck h!s neck out uncomfortably far from his own point

of view.) Risk accounting means that if you want to attach risk.

numbers to an energy machine such as a power station, you 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
hold of the iron, copper and sand; how one turns them into steel,
copper tubing and glass components; how one transports these

*

components; how one converts or constructs them into power
stations. Finally, how one gets the coal, oil, uranium an'd natural
gas to the power station. Of course, one doesn't have to 'get' the
sun or the wind. They come to us. That's why, apart from their
inexhaustibility, they are so attractive to some people, leaving
the 'small is beautiful' concept aside.

The results of risk accountirig are surprising and perplexing -.

perplexing because they run counter to our intuition. ' Surely the
risk of being hit by the blade of a windmill is negligible', I hear

15
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you thinkit g. Possibly: but haw you ter embered the risk in:
getting and fabricating the-mnutria s wita which the windmill -

produces that energy, apart from making and erecting the stand -
by plant for 'when the wind happens to have stopped blowing? -

- When one odds up the to.al' death risk- from_ producing :a .
-

| particular quantityc ot energy, La surprising picture emerges,
Table 6: the risk of energy production from uranium or natural-
gas is clearly smaller thsn from cost, oil, wind or the sun. Good.

; . bye huge windmills? Goodbye solar energy? . Windmills, yes, !
suspect, except for small ones; some solar energy cevices, pro.,

; bably not.

|Table G '

;

Estimsted deaths for a specified energy output (10 GWy)'",

f

~ Coa.l . . -. . ..' .5C. -1600 -,

gg .gg .. . _ . . . .

! Win'd' ' ' 7~ ~ " '23'0'~'/66
~

Solsri space tUating' ~ '90 -100*

; Ura'nlum~ ' ~ ", 2|--15.
Nagu[afg,as . ,LH,

i

{ 1 must mention, despairingly, that each year-the peoples of the -
world flare or burn as . waste- 7 trillion' cubic feet of- natural-

.

j gas,+ the safest of the lot. No one knows, apparently< what else
,

to do - how to collect it and put it to good use. Those 7 trillion .', - cubic feet are about equivalent to.this country's whole energy
| consumption in'1977. Of course, some wast'e-.is inevitab!c: but if

our non renewable sources of energy;are runn'ing out so quickly,
,;_ ,

; as we are told. st least once a day, would you not think a little. - '
-

;' more effort might be made to put some of those wasted. trillions
; to good use? As a matter df fact one can make excellent edible

_ protein out of North Sea natural gas and1 think I was the first'

i or, perhaps,- the second person to- taste it, not without some- .

; trepidutioni! must confess. But rny fear was irrational and there. 4

'l trillion = 10''.
$- tEstimate by Shell,1978.
p ,
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fore to be deprecated. There was no risk. The protein had already
been analysed and there was nothing harmful in it.

,

Why do I say I was the first or, perhaps, the sceend person to
taste protein from North Sea natural gas? Dr Norris, who had
prepared it, said to me, 'Try it, it's perfectly okay'. For a split
second I asked myself, 'Has he really tried it, or nm I to be the
guinupig?'If Professor Norris, 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
generatiu 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 are the risks associated with a nuclear. powered
electricity generating station and the allied operations? There are
some eight possible risks Table 7. With one exception I don't
think the odds against these eunts have been given before.

I believe that most of you 4re more worried about nuclear
power problems than other pubiic and involuntary risks. Things
have progressed since the Flowers' Royal Commissica reported
on this subject in 1976; but there are still probicms to be solved.
I have, I hope, cleared up quite a few of them. But one headache
I have emphasised before in public, the disposal of radioactive
waste from nuclear power stations, still persists. If, as I expect,
the environmental lobby will continue to sabotage efforts 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 I say to our Atomic Energy Authority: 'For
God's sake sail away and find an uninhabited island, free from
volcanoes and with the right geological characteristics. Get crack-

,

| ing there and don't tell the econuts where you have gone; or else
'

| they may be waiting to welcome you'. There are more than a
'

hundred thousand islands to choose from.
In this lecture I have used the derogatory words ecomania and'

econuts. That does not mean that 1 am against the preservation
'

of the environment. How could I be, given that in 1915 my
father prepared, for the then Ministry of Agriculture, the ' Pro.!

visional Schedule of Areas in the United Kingdom considered
worthy of preservation'. He also created the Society for the
Promotion of Nature Reserves. In his Will he ordered the destruc-

17
'

'

|

|

|
*

1
1



, u
. ,

e

,

e

.

.

Risk ,

Tcble ?

Nuclear Power Station Risks
.

0- Atomic explosion''

Disth 'fr6tfiiespe of ridio. Ces's'th'an 1''in 1.'000.000 per |
' ~

active substances. 2$ mlict year
radius

'One ma'n* sh60teII ' ilh 10D.'00 fib 1 In'l.000.000'
~gr year (10)

Baider7deishof~s'u66 BIsttac)I ' ~ ' 'l in 100~pieTye7(IG)* !
'

Thef: of 'uTaii~m'o'r" '' '~' "No fig"Iires 'aisiis6NT Preisui
plutonium tions very food..

Re;stfifssmfEse'd*f6el ~~ * ~~"~1ess than 1 IiTT66*bDb ' p~e'r?

year (IG[
RadidaIIlvi Eiile~ disp 6s'aT''*~~~~' * Not quafiiinable. 551GbTe but

'
,

not solved.
from the ilI(b'6mbs' oI'' '~~ ~' ' ' 'fy accidintl* leTs ihan T"In

~

rockets) 10.000.000 per year.
By Intent: ) in 100,000 to

1 in 1,000.000 per year (10)
Fest breeder rtie 6i P5ic~5stilli.~isiie rtIn t'Yui liot

~ ' "

ready for general usc Risk i

intended to 'at no greater
than with thermal reactors.

10 = Informed guess.

' At irr the 959 tonAdente interval m .stimsted to be 10". lo*'.
tThe 5.robability of such an attaek, as op 96ed to that of an adverse resw11

(0 01)is obviously, secteL.

tion of all his maps showing where the rare butterfiles we knew
so well, like the Large Copper and the Swallowtall,- could be
found. Thus I was brought up to believe that our natural environ..

ment was of paramount importance. But even with this back.
ground, I cannot avoid the conclusion that the current exagger.-

sted, if not maniacal, attitude of some people towards our en.
vironment -is vely' damaging to our future well being. Zero
growth,4 e econuts' panacea, won't ball out anybody,

We nast also spend a moment or two on coal. fired power
,

stations,.which may be even more popular in the next century
than now, and need much more risk attention than they have no -

* far had. According to the Anierican Medical Association in June j
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; of this year," the number of premature deaths which can be .

! ascribed to the creaticn and operation of _ a coal.Ared power
vation of the usual size is 400 times as many as in the case of a
rrelear power station, a Agure much more in favour of nuclear.

power 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 soon as possible, at least
so far as the United Kingdom is concerned. if they can't, the
' taxpayer will get an astronomical bill, if the politicians heide to
ditch nuclear power.

! When I was head of the Government's Thin! Tank I once
asked a Cabinet Minister whether he thought we were of any

|
use to the Cabinet. He replied,'You make us think'. If this lecture
makes you think about risk for a minute or two - qdite a long
time, incidentally, to think hard and continuously - it will have
MUeved one of its purposes. Another is to persuade you to say,
Vtt laps there's something in what he said, even if it was only
the beginning and the subject gets more complicated later. We
really ought to be given a chance to compore the di.ierent risks
around us before being put into a panic by some apparently
authoritative utterance. it's not as diMcult as all that'. Sc why
not produce an index of risks so that you can deelde above what
level- road fatalities, perhaps - you should get into a panic: and
below what level - death from in0uenta - you should relax.
That's quite a bi' spread, from I in 7500 to 1 in 18,000 per years
for the region of personal choice.

Let me end with a- quotation from Spenser's Tecric Queen:
'Be bold, be bold and everywhere be bold: but be not too bold'
- particularly when making, or walking near, a windmill.
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