
~adiation and risk Matthew Gaines 

huge doses, radiation can kill you within hours. ln smalt doses, it can lead to a slow death by cancer. 
1d we are ail constantly bombarded by natural and artificial radiation, from the sky, from the ground, 
:>m the food we eat and the air we breathe. So just how do we quantify the danger? 

"ER) SECO:S:D. more than 100 cosmtc ran fi~ 
rough )·our body At the same lime, se,·eral 

j1oactl\·e atoms in the a,r you ha,·e ,nhaled d,s­

:egratE- tn~1de your lungs and a few thousand 
,tass,um atoms and two or three uranium atoms. 

11ch arrived tn vour food and drank, break apart 

sode you and bombard vour body woth radia· 

,n . As tl that 1sn't enough. more than 50 000 

,mma rays enter your bod~· from the soi! and the 

,ildong materials a round ~ ou. Ail th1s ts ent1rely 
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natural Many of us are also e,posed to the art1f1-

c1al rad1at1on that 1s used tn medocone. tndustry. 

agriculture and research 

Radiation conststs of varlllus konds of energellc 

parltcle. When such fast-movmg particles plough 

through a lo\'ing body. they alter or destroy the 

molecular machmery of 1ts relis . 

At h1gh 1ntens11tes. this can kil! cells. At Jo,... 

levels, the damaged proteins and other molecules 

can usually be replaced. Even at low Je,·els. 

though. radiation can have a s1gn1f1cant effect ,f ,t 

tnterferes w1th a cell 's D:S:A-the blueprint for 

maldng proteins 

BOMBARDED BODIES 
Biological effects 

Rad,at,on can affect D!-.A dorectly by breaktng the 
strands of these molecules lt also lea,·es a traol of 

1on1sed water molecules beh,nd (see Figure:!). and 

the highly reactove OH· (h}droxide) ions created 

on this way can change the chem,cal bases that 

make up the genetic code. 

If ,·ital genes are affected. a cell can be crappled 

or kolled. But with billions of cells tn the human 

body, the losses caused by Jow levels of rad1at1on 

do no! malter. li the genes that control growth 

are damaged. ho,..·ever, a cell could begon to 

dinde uncontrollabl\' and become a potentJally 
deadly tumour. 

But the de,·elopment of cancer m,·ol,·es several 

stages and takes ) ears. And ce Ils aren t helpless 

They can repatr thetr D~ .'\ to some e,tent. The)· 

ha,·e to-even ,n the absence of rad,a!lon . each 

cell in the bod)· susta,ns 5000 to J() 000 01':A dam­

age e,·ents an hour through processes such as the 

constant onslaught of free radiuls. whoch are pro­
duced as a by·product of the react,ons wothtn the 

cell Cells can e\'en adapt to rad1oact1ve en,·iron­
ments a Jo,.· dose of rad1at1on appears to prorect 

them trom the eHects of a second dose Also. cells 
are programmed to commit su1c1Je when the~· 

recome too crcw, deJ . "h,ch can pre,·ent tum,,urs 

trom gettong started 

Sorne sc1ent1sts. espenalh on the L"S and France. 

beheve that " ·,th , ·er) Jo,.. dose, ot rad1a1ton these 

deoence mechan,sms should al" a) s or almost 

ah, ays pre,·ent cancer ln otht>r words, the~ 

thmJ.. that there 1s a dose threshold relow wh,ch 

thE' nsJ.. of canci,r " nearl~ zt·ro . But although 
some ,1ud1e, of t,,olog, and J,-.,a~l' do hint at 

such a thrt>shold , there ,s nc, f,rm .. ,·,denc<' h•r ,t 

) et . As taras we 1..nn" a s,ngh• part,cJ,, spl't·dong 

F,gure 1: Vulllftfilble points: the ce//s in diffen,nt 

orpans of the body have diffen,nt susceptibilities 

to radiation. A certain dose reœN&d in the lungs, 

for example, is motll !han twice as /i#cely to cause 
cancer as the same dose hffting the /iver 

en 
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can 1n theorv be passed to 
vour chtldren. 

More 1mportantly. even 
low doses carry a nsk or can­
cer. The amount of D!\:A 
damage depends on the de· 

gree oi 1on1sat1on. whteh 
,·ar1es accord1ng to the type 
of rad1at1on. To take account 

of th1s. the absorbed dose 1s 

mult iplted by a "radiation 
we ighting factor", wh1.:h 

gt\'es the equivalent dose 

(unit. the sievert. Sv). 

F',gure 2: Trail of destruction: a high-energy alpha partide races 
through a œll, and it can damage ONA direct/y. lt also creates 

hydroxide ions. Thesa ions are highly reactive, so they attack and 
damage parts of the ce//, including the ONA in the œll's nucleus. 

For beta particlu. wh1ch 
are fast-mov1ng electrons 
or positrons. and for 

gamma-rays and '<·rays. the 
"etghting factor 1s l. Alpha 

particles-heavy part icles 

consist ing of two protons 

and two neutrons-are 

h1ghly ion1sing. so they 
have a much h1gher factor of 
20. For neutrons of \'arious 

energ1es. the factor ranges 
from 5 to :?O. 

What s more. d ifferent 

organs and tissues vary tn 

thetr sens1ti\'1ty to radiation. 
To tal..e account ot th1s. the 

That damage can lead to canœr 

through a cell nucleus could lead to cancer 
So setent1sts in most countries make the 

so-called "linur, no-threshold" assumptton-that 

the risk of cancer 1s in direct proport ion to the 
dose. This means that we try to a,·otd even .-ery 

low tndl\·tdual doses, because the more people 

who recel\·e such doses. the more ltkely il 1s that 

one ot them w11l de\'elop cancer. 
Quantify1ng the risk frum rad1at1on 1s stra1ght· 

for,.·ard for h1gh doses. There ue many stud1es of 
people who have recen·ed h1gh doses 1n a short 
time- such as the Japanese who sun' l\'ed the 
bomb1ng oi H1rosh1ma and :-:agasakt. and patients 

who ha,·e been deltberately irrad iated to ktll 
cancer tumours . 

l've start by assess ing the amount of energ,· 
depostted b~· radtahon in a person ·s ttssues­

called the absorbed dose The unit is the Joule per 
ktlogram, called the gray (Gy). 

For a person irradiated suddenly. the absorbed 

dose tn grays 1s a good measure oi the nsk. 
ln other words . the seventy or the symptoms 

doesn' t depend strongly on the type of rad1a1ton . 
Below 0·25 Gy. there should be no short-term 

eHects. l\lith a dose of between 0·25 and 1 Gy. a per­
son would become nauseous and temporarily stenle 
At 1 to 3 Gy, the~· "ou Id ,·omit. have dtarrhoea. and 
rap1dly lose we1ght. Al 3 to 6 G~: they would have a 
1 1n :? chance ot dytng w1th1n weeks trom damage 
10 bone marrow and the d1ges1t\'e tract. and those 
who dtd sun·1ve mtght be left stenle and blinded 
by cataracts. 

For ail sun·i\'ors. there is a nsk o/ mutations 
in the D/1." A ot sperm or egg ce lis that could affect 

any of/spnng. ln other words. radiation damage 
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equt\'alent dose is mult1plied by a tissue we1ght­
ing factor (see Figure 1 for values) to g1ve the 

effective dose (unit. Sv), wh1ch is commonly 

called the dose. 

By calculattng the dose in th1s way. d illerent 

radiation doses to dt/lerent organs and tissues can 

be added together 10 g1ve the total dose . For 
e,ample. il a radtoactt\'e ma1er1al exposes the 
lungs. li,·er and bones 10 equ1valent doses ot 100. 

ïO and 300 millts1everts. the effective dose .:an be 
calculated as /ollows: 100 x 0·12 + iO x 0·05 + 300 
>< 0·01 • 18·5 mS\'. The nsk o/ harmful ef/ects 
would t>e the same as that from 18·5 mSv 

recet\'ed uni/ormly throughout the whole body. 

OUR DAILY DOSE 
The rocks beneath our feet 
Tht> final stage 1s to con\'ert the etfectffe dose to a 

risk of Jeath. The lnt~rnational Commission on 

Radiation Protection ((CRP). based tn Stockholm. 
has calculated an a,·erage risk factor ror the world 

population o/ 0·05 s,·· 1 (or 5 x 10·• ms"·' ). This 
means that il you receivt> a dose of 1 S\', your nsk 

of dying /rom cancer caused by th is radiation is 
5 per cent; tf you recel\·e 1 mS1· your rtsk 1s 
5 >< 10·•. or 5 in 100 000 

As the worldwide average Jose recel\·ed by a per· 
son is :?·i mS\' per year. the correspondtng nsk of 
death from cancer is 2·7 x 5 >< 10·•. or 1 in 7.WO per 
year. For comparison. the yearly risk o/ death in 

Brïtatn from smoking 10 agarettes a day 1s 1 tn WO. 
wh1le betng killed in a road accident ts 1 1n I ï 000. 
and !:>t>ing murdered 1s 1 1n 100 000 each year So 
rad iation risk 1s certamly not neghgtble. 

For a work ing popula11on. the risk tactor t! 
lower. bt'cause tl does not conta in ch1ldren I who 
ha,·e more years 1n wh1ch to de\'elop cancer 

aiter exposure ). ICRP's risk of death tor "orkers 
1s 0·04 S,··1• 

Clearl y. no practtee 1nn1l\'1ng e,posure to rad1-

at1on shuuld be adopted unless 1t produces a net 
beneiit 10 those e,posed or to soctety as a whole. 
This is the pnnciplt> ot "justification ·. E,·en then. 

rad1at1on doses and nsks should be kept as !ow as 

possible. taktng economte and soetal tactors 1nto 
account. This conclusion tollows /rom tht> ltnear. 
no-threshold assumpt1on and has rt>sulted 1n huge 
efforts to reduce doses 10 paltents. workers and 

the general public. 
lt 1s cons1Jered unacceptable to e,pose some­

one to a h1gh nsk oi death . e\'en 1/ soc1ety \\'Ould 
beneflt . Just what should the lim1t be ' T"o bodies 
in Bnta1n ha,·e attempted to quanttl\' "acceptable" 

r1sk: the Royal Soetety. report ing 1n 1983. and 

the Health and Saiety Executt\'e-the go, ern­
ment's main health and safety orgamsatton-tn 

1988 and 1992. 
Workers choose to risk exposure. whereas the 

public is likely to be e~posed unwtlltngly or 
unknowtngl~·. So the stud1es looked at the d1ffer­
ent attitudes in each case. comparing the risks 
from radiation with commonly accepted nsks such 

as those /rom drt\'lng a car. 

For workers. the Health and Sa/ety hecuth·eo 
recommends a dose ltmit of 20 mS\' tn a ~·ear. 
equi\'alent 10 an annual risk o/ death due 10 irra­

diation of 1 in 1000. The publtc dose lim1t ts 1 mS,· 

in a year, equivalent to a risk of fatal cancer of 

1 in 20 000. The ICRP says a htgher dose 1s 

acceptable in some years. provid ing the a1·erage 

over 5 years does not exceed 1 mS\' a year. :-test 

de,·eloped countnes ha\'e enshrined these prtnct· 
pies o/ rad1at1on protect ion 1n law. 

:-:atural sources oi radiat ion are generally hard 

10 a,·01J (Figure 3). Cosmic rays. /or e,ample. are 

h1gh-energy protons and electrons that comt' trom 

the Sun and outer space . Cosmtc ra ys are more 
intense at h1gh altitudes. because they are 

gradually absorbed by the atmosphere, so atrcrews 
and people li\'tng at altitude recet\'e more radta· 

tton (Figure 4). The intens1ty o/ cosmte ra ys 1s 
about 20 per cent lower tndoors . because build ­

ings also absorb them. 
The Earth 1s laced w1th rad ioactl\ e isotopes. 

L'ranium and thorium emit alpha partteles. and 

potasstum-40 (whteh makes up about three m;l­
ltonths ot the Earth·s crust) emtls beta par11des. 

These materials aise give ot/ gamma rays when 
they decay and uranium and thorium !:>oth lea,·e 
behtnd /urther unstable isolopt'S tn the ro.:ks and 
sotls. People are e,posed to th1s rad1alwn e"en 
tndoors. because building matenals are e,tracted 

/rom the Earth and are there/ore rad ioa.:t11·e , So 
the rad iat ion dose rate depends upon the local 

geology and the building matenals. 
We ail also ea t. drink and breathe natural 

radioacti ve mater ials. Dr1nking water .:ontatns 
radioisotopes. as do edible plants and animais. 
and e,·en the dust in the air. 

Rad1oact1ve materials. espec1ally potass,um-40. 
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a.e part1cularl1· concentrated 1n some foods . so 

,Je who eat a lot of these foods can rece1\'e 

._..,es \\el! abon.> the a\'erage. The main culpnt is 

shell/1sh: eatmg an 60-gram 1ar of mussels ever\' 

"eek would add about 50 per cent to your 

d1etar\· dose m Bnta1n. 

Fmally. uranium and thorium in rocks and soi! 

decay to form the rad1oact1ve gas radon Radon 

leaks ,nto the atmosphere where people inhale ,t 

and 1ts decay products. 1rradiahng their lungs. 

Outdoors the gas d ,sperses. but in buildings h1gh 

concentrations can build up Studies from Bntam 

and Sweden ha,·e shown a link between radon in 

houses and death from lung cancer. 

The radon r1sk depends on local geology. weather 

and \'ent1lat1on. but 1ts concentration tends to be 

h1gher m houses built on gram te. limestone and alum 

shale, espeoall\' if these matenals are also used m 

construchon. The global a,·erage annual dose due to 

radon ,s 1 3 mS\·, but the h1ghest dose e\·er recorded 

was nearly a hundred thousand ttmes greater ln one 

hc,use m Pennsvlnma. res,dents receh·ed lung doses 

of 91 S,· a year, w11h a nsk of fatal cancer of about 13 

in 100 a 1·ear. This /nghtemngly h1gh concentration 

was d1sco,·ered when the occupant triggered the 

alarm bt.>lls at the nuclear power station where he 

worked-as he was entenng the site. 

Fortunately. there·s an easy " ·ay to get rid of 

radon: a fan under the floor can blow it out 

through a pipe before it enters a building. 

11pared with ail the natural sources of radia­
. art1ficial sources. such as discharges from 

~ lear and con\'entional po-..·er stations. 8"'e 
people much lower doses. 

Fallout from nuclear weapons and reactors 1s 

less of a problem than 11 once 

was. ~1ore than 500 atmosphenc 

nuclear tests "ere conducted in 

the 1950s and 19t>Os, but the con· 

radiation po,somng alter bemg exposed to huge 

doses. Smce then several ch,ldren and adolescents in 

the Chernobyl region ha\'e died of thyro,d cancer. 

caused by rad1oactJ\·e iod1ne. The accident also 

caused psychological trauma. mcludmg anxiety and 

depress1on. m the surroundmg population. 

ENVIRONMENTAL EFFECTS 
What to do with the wastes? 
lt 1s harder to assess the number of deaths from the 

Chernobyl acadent farther afield. but the nsks are 

not negligible. ln Bucharest. for e~ample. a ramstorm 

collected radioacti\'e dust from the air and depos1ted 

it onto the citf Outs1de L'kra1ne. Russ1a. Belarus 

and Romania. doses were Jo"· ln Bntain m 19So, the 

a,·erage ind1\'1dual dose was 0-0~ mS\' a year, which 

has now decllned to 0·001 mS,· So although the 

!\:RPB estimated that up to 3000 eAtra cancer deaths 

w,11 e\'entuallJ occur m \\'estern Europe because of 

Chernobyl. th,s esllmate relies on the lmear nC'· 

threshold assumpllon. There were also some loni:­

term environmental effects E ,·en no". sheep from 

i.ome areas of Scotland, Wales and Cumbria-nearlJ 

3000 kilometres away from Chernobyl-cannot be 

sent to market be.::ause the land 1s st11l contammated 

There ha\'e also been accidents at Wmdscale 

(which was subsequently renamed Sellafield ) m 

Britain in 1957 and at Three Mile Island in Pennsyl­

,·ania in 1979. Radioacth·e 1od1ne /rom the Windscale 

accident is estimated to ha\'e given some m/ants thy­

roid doses of up to 160 mS\'. At Three Mile Island. the 

h,ghest indindual dose was O 6 mS,· 

The worldw1de nuclear mdustry no" takes 

more care m the design construction and operat1on 
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of reactors. Smce the Chernobyl acadent. huge sums 

have been spent to 1mpro\'e the sa/ety of similar 

reactors m the former Sonet Cmon. and another 

accident on the scale of Chernobyl seems unlikely. 

Occasionally. a satellite contammg radioacti\·e 

matenals has crashed to Earth. but th1s 1s rarely 

much of a danger. ln 1976 the Son et nuclear­

powered satellite Cosmos 954 crashed 1n northern 

Canada. A large area was contaminated. but for­

tunately 11 was sparse!y populated wilderness . 

The routine d1scharges of radioact1\'1ty from 

ch·il nuclear plants. defence mslallat1ons. h0sp1· 

tais , ,ndustn· and research centres have to be 

authonsed by go,·ernments and mon1lored. 

mamlJ b\· rollectmg and anah·s1ng samples of 

grass. m,11. fo0d . "a ter and so on For ail d,~­

charges-nuclear and non-nuclear comb1ned­

the a,·erage total dose to people ~·orldw1de 1s 

0·001 mS, each year 

If" aste 1s not d1scharged . 11 has to be stored in 

the plant and eventually d1sposed of 1n a more 

permanent "a\· The a,m 1s to redu ce the chance 

that "ater w1ll d1ssol\'e "aste and carry 11 back 

to people This 1s done by hanng several 
layers of contamment 

Low-h!vel waste mcludes contam1nated paper, 

clothing. !ab equ1pmenl. soli and building ma ten­

ais. ln Bntam 11 1s put in metal drums and buried 
m shallow trenches 

Intermediate-level wastes, such as sludges that 

accumulate 1n the coohng ponds where the spent 

fuel from nuclear plants 1s stored. can be m,~ed 

w1th merl matenal such as concrete. t,11umen or 

res1n before t>emg put mtc, drums 

High-level wastri. mdude spent nuclear fuel 

sequent doses to people peaked 

in the early 1960s and are now 

much lower m Bntain. the ~·early 

:r Sources and auerage worldwide doses of radiation 
doses ha, e fa lien from O HO mS, 

1n J <163 to 0·004 mS, now. 

Meanwh1Je. the L'S 1s spendmg 

b1ll1om of dollars to clean up 

areas contammated b1· 1ts 

ground-based nuclear test,ng 

programme of the 1940s and 

1 'l50s This e,pense 1s one 

reason to question the hnear. 

no-threshold assumpt1on Ir the 

cancer nsk to ind1nduals from 

, e~ lo" doses 1s zero. or much 

smal!er than the hnear assump­

hon 1mphes, then there 1s httle 

point 1n spendmi; , ·ast sums to 

clean these areas ur because even 

the total nsk to the populace w1JI 

he low The money could be 

er spent else.,·here 

....__, he Chrmobyl accident in 198o 

releast-d huge amounts of rad10-

actl\·e matenal o, er Europe and 

beyond At the lime 31 p ... ople, 

mostl~ hremen. d1t'd from acute 
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F,gure 3: The fwe main 

soun:es of radiation f•U units 

are milJisieverts). We eat almost as 

much radiation as wa recewe throus,h 

mtKlical X-rays and other treatmenls. Then 
coma cosmic n,ys Mtd radiation from rocks and 
building mahHials. But the grutes1 source is radon gas 

' 
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and the liquors left O\'er wht>n fuel is rt>processed . 

as at Sellai,eld . They are not ,·ery bulky, but the 

1ntensity or their rad1oact1v 1tv mt>ans that they 

g1\'e otf a lot or heat . ma king the,r storage and dis­

posai d1ffkult. The~· can be storl'd temporanly as 

liqu,ds in woled tanks ln thl' long term. most 

countnes plan to ,ncc>rporate them into gla,s 

blocks. " ·h,ch are then pur ,n metal and concrete 

vessels and bunl'd. pre ferably ,n rocks that allow 

httle ground water to pass through . 

ln Bnta,n, no permanent waste di sposai fac11ity 

for medium and h,gh-le,·el waste yet e,ists . At 
Sellaf,eld. for e~ampl<'. most rad,oactl\'e waste 1s 

stored in the planr - clearly only a short-term 

solution But other countnes have made much 

more progress . Sweden alread y operates an 

undl'rground repos1hiry at Forsmark. about 

1:?0 k,loml'tres north or Stockholm. tor low and 

intermed 1ate le,·el "astes. F,nland also has an 

underground tac,hty and France, the L"S. Belg,um, 

Canada. German.,·. Japan. Spain and Sw1tzerland 

are ail planning deep d1spo:.al sites. 

The prop,,sed L 5 repos,tory at Yucca ~lountain 

in '.'\e,·ada 1s ,uppo,ed to keep h1gh-le,·cl "'aste 

sale to r at least 10 LlOO .' ears Environm.-ntal 

groups dispute the ~eolng,cal stab ility or th,s site. 

But ,n dt>tence ot del'p buna!. s.:1ent1sts point out 

that a natura l nuclear reactor opt>rated at Oklo 

,n Gabon. Atrica . more than l· ï b11l1on years 

ago. and the rad1<>ac11,·1ty ne, .-r moved tmm the 

site 1S,·;,· 5.;, . ., 1,,1 31 \la~ 1997. p 5). 

\'anous forms ot rad,at1on are w1dely used in 

1ndu,tr~·. IM e,amrle. to analvse welds. check 
levels ,n contain,•rs and stenhse med,cal products. 

Wht•n workers are regularly e,posed to rad1at1on . 

the doses thei rece,ve can be measured by small 

film badg.-s wh,ch darken after a h1gh dose. or by 

thermoluminescrnt dosimeters. wh,ch release 

1,ght in proport11.m to the radiatwn dose "hen they 

are ,ub,equ.-ntly heated. 

The V\ estlmatl's that m,,re than 9 million 

p<'opl~ worldwidl' arl' l'\posc,d to radiation at 

work . \!0st are "'P<'Sl'd tû art1t1Cial radiation, but 
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those w1th increased natural radiation exposure. 

such as miners and otfice workers in high-radon 

areas. usually get much greater doses . Ta king na t­

u rai and artif1c,al occupatlonal doses 1nto account. 

the, average dose to monitored workers worldw1de 

,s l ·4 mSv in a year 

INDUSTRIAL APPLICATIONS 
ln sickness and in health 
The main source of artîficial radiation for most of 

us 1s medicine. ~any d1agnost1c tests, such as 
chest, sp,ne and skull X-rays. and banum enemas 

and meals. in\'ol\"e much lower doses than in the 

past : thl'y ha\'e fallen by about 30 per cent ,n the 

past Jecade But the newer technique of comP.uled 

tomography (CT), whill' provid1ng a lot more 

intormahon for the doctor than a conventional 

X-ray. gives much h1gher doses ln CT. a scannl'r 

rotates a fan-shaped beam of X-rays around the 

patient . A computer uses the resultlng intorma­

t1on to construct an ,mage of a slice through the 

patient For an ord,nary chest X-ray e,aminatlon 

the dûs<' ,s 0·017 mS,·. but it is S mS" for a CT scan 

ot the saml' part ot the body 

ln d1agnost1C nuclear med,c1ne. the patient 1s 

g,ven a radioactJ,·e isotope. such as technet1um-

99m , attached to a substance that 1s taken up 

FURTHER READING 

Figure 4: High risk: yearly doses from cosmic rays 
vary with altitude. Frequent tryers can get around 
twice the average cosmic-rays dose, and the 

residents of La Paz, 4000 metres above sea level, 
get a whopping 2 millisieverts a year 

by the organ or ti s sue being 1n\'estigated . The 

d1stribut1on of the rad1msotope. wh,ch ,s revealed 

by the gamma rad1at1on ,t em,ts. shows how well 

the organ ,s tunclloning Doses ,·ary between 1 

and 7 mS,·, depending upon the organ e,am,ned . 

~1uch h,gher doses are needed to treat diseases 

such as cancer. because the d iseased cells must be 

k11led . The dose Ill the tumour ,: an be tens of gra~·s. 

To g1\'e surrounding health,· cells a better chance 

of rl'coverv, 1t 1s spread O\'er many days . 

A rad1oacti\'e matenal can be swallowed 

(îodine-131 1s used to treat overacllve thyro1d 

glands, for example) but beams of radiation are 

more common. X-rays. gamma rays or electrons 

are often d irected at the d1seased tissue from 

vanous directions, to g1\'e a h,gh dose to the 

tumour but reduce the dose ro the healthy tissue 

around it. The total exposure 1s the same, but 

spread,ng 11 o,·er a greater area g,ves the healthy 

body cells smaller indi\'idual doses and therefore 

a greater chance of recoverv. The a\'erage ~·early 

dose worldw1de from rad1ology and nuclear 

medicine combined is about 0-3 mSv. 

ln the past. radioact1\'e materials were used in 

1ewellery, uranium as colouring ,n glassware and 

radium ,n watch dials and other instruments, but 

their use 1s now considered to be unjust,fied in 

most countries. Sorne products containing artJfi. 

c,al radioacti\'1ty, such as smoke detectors, are 

still ,n use . They give annual doses to the public 

that are tiny-about 0·0005 mSv worldw,de, on 

a,·erage . That"s equivalent to a 1 ,n 40 m1lhon nsk 

of death from cancer per year. 

What of the future? The hnear, no-threshold 

assumption has meant hea\'y e,pend,ture to 

reduce some very small doses. Roger Clarke, the 

cha,rman of ICRP, believes that greater efforts 

should be made to reduce the more s1gnificant 

doses, espec1ally to patients and workers. The 

emphasis should be on the 1nd1v1dual : ,f the 

nsk oi harm to the health or the most exposed 

p<'rson ,s neghg,ble. then the total nsk should 

be cons1dered negligible. no matter how manv 

people are <'•posed. 

L,v,ng w1th RadiatJon by the National Rad10logical Protection Board (!rom NRPB or HMS0, t10 95) 
• Ar a Glance senes of ~sheets. free ,n small Quant,t,es !rom NRPB: Radiation (a poster for schools). 

Hobsons Publist11ng. Cambridge: Radioacl/Vlty (a poster !rom New Sc,en11st, tel 020 7331 2715). wh1ch 1ncludes 
a chat! ol all the rad,oact,ye isotopes; Canada: L,v1ng w1th Radial/On {Canadian Atomic Ene,gy Control Board: 
available ,n Ellglls/1 and French). Henn Becquerel and the Discovery of RadioactJV1ty (the Assoccat1on for Science 
Education/NRPB). 

Matthew Gaines was press otficer for the NRPB from 1972 to 1997. 
Ali graphJCS are designed by Nigel Hawtln. 
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