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E~LOSURE 1 

CRITIQUE OF THE REPCRT OF THE 
NATIONAL ACADEMY OF s::;IENCES 

The Biological Effe:::ts of Atomfo Radiation 
Based on (1) '~A Report to the Public, 11 and (2) "Summary Report a" 

To under.stand and best evaluate the implications of 
this report it is important t::> bear in mind the background of 
the individual scisntists wb.o zna.de the study and their relation­
ship to the National A~ademy of Siziences=National Research Council 
and to the Governmsnto 

The NAS=NRC is no't a Government organizationo True~ it 
was established by President Lincoln in order to have a distin­
guished body cf sdentists vi.th whom the Government could consult 
at the time of the Civil War o On the other hand~ it is a ae lf­
perpe t ua ting bcdy of frae .American scientists who control the 
membership of the Academy 'W'ithcut any G.:ivernment appointments.; 
While various Federal agencies may appoint representatives to the 
various divisions of the National Research Council (the operating 
body of the NAS) j) they serve to bring problems to the Council for 
advice, and not tc control the ac:t:tons er the opinions of Councilo 

In the case cf this study 9 the President of the NAS, 
Dr o Detlmr Wa Bronk 9 called together some 100 American scientists 
to carry out the study as individ'!lal citizenso While some of the' 
scientists were Governme~t employees and top advisers to Govern~ 
ment on scier..tifi1c matters 9 they were not acting in these .capaci­
ties in their parti~ipation in the SL.Udy o 

The study was undertaker. largely as1a result of the con­
cern felt throughout the country following ths March 19 1954 ther­
monuclear test explosion at Bikini 9 as a result of which a number 
of Marshall Islanders and Japanese fishermen were irradiated by 
fallout debris from the explosiono Subsequently 9 a number of 
scientific bodies in the UaSo 'passed resolutions requesting that 
a study be made of the possible effects on the human race of con~ 
tinued nuclea:!" weapons testingo NAS 

In April 9 1955 9 the Rcckefeller Foundation provided the 
NAS with funds fer undertaking a very broad. study cf the effe~ts 
of atomic radiationo The subje~t reports are the final fruits of 
this study 9 whizh will be a continuing cneo 

Whe~eas the AEC bas always been aware of the possible 
hazards from fall=out fr.om surface bUt"sts of atomic weapons (sae 
"Effects of Atomi'~ Weapons" 9 1952)" it had been even more aware' 
of possible hazards to nearby livestock and the public generally 
from seri~us accidents which could conceivably occur to large'pro-
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duction reactors such as those at the Hanford Workso The Bikini· 
fallout incident made it abundantly clea.I" that fallout ~ impor­
tant from the standpoint of continued weapons testing and as a 
factor in civil defense pla.nr.ingo The problem of radiation effects 
has been under continuing re·'fiew by the AEC and by the joint Uo So, 
U0 Ko and Canada Tripartite m~etingso In additionj the .AEC has con= 
tributed a major portion of the basi~ scientific data for the de­
liberations of the National C~mmittee for Radiation Protection and 
the International Commissior. for Radiation Protectiono 

A few words are in crde:r on t!le general approach of the­
NAS study committeeso They d~d r.~t include an evalua.tion_of the 
effects of an atomic var o As Dr o & .::r.k stated in the press con~ 
ference of June 12 9 1956j he ~-:mld n::it define an atomic war so he 
asked the cc-mmittees to limit tbem:s.::,!.ves to peacetime atomic energy 
activities including weapons Les~ing, 

In the Forew1rd to the S~y Report, Dro Bronk statedg 
11T he use of a tmn!.c energy is p-er haps one of the few major techno-. 
logical developments of tbe paa~ 50 yaa:ra in which careful considera­
tion of the relationship cf a new technology to the needs and welfare 
or human beings has kep-: pa~e -with ita developmento Almost from the 
very beginning of the day of ~~e MarJ1attan Project careful attention 
has been given to the biclogi~al ar.d medical aspects of the subjecto 
By contras~ 9 the automobile r~vol~ticnized cur pattern of living and 
working but 'W'e are only now beginning to appreciate the problems 1of 
safety~ urban congestion 9 ner7ous tension and atmospheric pollut:i,on 
which have a_.ccompanied its devclopmento In the same way, ~he develop­
ment of the aircraft industry outran our knowledge of how to meet the 
environmental ne5ds of the human beinga it i~tended to transport 
tbrough the skieso 11 NAS 

The scientistsj sav~ for the geneticists, were all persons 
who had actively participated in the past in th~ efforts to reduce 
industrial toxicological hazardsp air pollutionj stream and harbor 
pollution 9 and soil and crop pollution9 and destruction which has 
occurred with developing industries largely uncontrolled until serious 
damage had already taken placeo They a:"e determined that with a mueh 
greater body cf knowledge to draw Gn ~oncerning radiation effects, 
similar situations will not arise as e. res-:.i.lt of the rapidly growing 
atomi~ energy industry with its even greater potential dangerso 

Consequentlyj or.~e t.hl!!y h.s.d assured themselves on two points, 
namelyg weapons testing at the present rate and with present safe­
guards was not a present mena.ncej and the safety precautions of our 
present atomic energy operations were indere1d ei'fective 9 they became 
preoccupied with pointing .out the problems inherent in a greatly ex­
panded atcmic energy industry, There constantly recure through the 
report the idea that all is wll tcday but fer the future let us be 
very careful indeedo 
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In summary 9 the report was totally reassuring as regards 
nuclear weapons testing 9 it did not attempt to face up to the 
problems of an atomic war~ and fir:ally it was prsioccupi~d with the 
potential hazards inherent in a developing era of large scale atomic 
powero 

SW!l!Jl®' Report of the Committee en Genet~ Effe,~ts 

This Ccmmittee consisted of ger:eticists 9 one authority 
on radiaticr. pathology 9 ons authority on radiologfoal physics and 
radiation hazard control~ a.~d a Illj9.thematician, Dro Warren Weaver 
of the Rccksf-!ller Fc:ur..da-':.i::m 9 whc ch.sired the grcupo 

T:J.ey ccr:sidered the genetb effects agair:s't the background 
of pre.ser.t kn:;,whdgce C'onc~rning radla.tior. as a ,cause of mutations 
in mfor0=organisms fl plants 9 insects 9 and mi:::e ~ bearj,.ng in mind the 
tendency of m~dern civilization tG c-:>nserve all human lif'e whether 
perfect er impe!"fe:cto They call attantior.. "tO t.he perhaps greater 
importanc~ of mutations whi:ch are relatively inapparent such as de= 
facts in resistance to disease prccessesj de~reased fertility and 
curtailed life span 9 and impaired ?hysfoal and mental vigor o The 
more drama.ti~ mutations~ m~~sters 9 still births 9 and early develop= 
mental defe~ts 1'eading to a.b~rtior. and miscarriage are not apt to 
be passed on t.:i another ger.er-atior..o The apparently relatively nega­
tive re:sul-:.a cf t:h:s g~netfos survey of the SUt"'V! vors i f'irst genera= 
tion at Hiroshima and Nagd..sa.ki ser'l/e to emphasize the validity of 
this poir.t of viewo This s~ndy demonstrated ~ha~ with the methods 
used and the radiation dosages recei7ed 9 the heavily irradiated 
surviving pop:tl.ation was nut sufficiently large for it to be pas= 
sible to demonstrate a statistically signifi~ant difference in the 
number of m~tations in the off springs of irradiated parents as com­
pared with offsprings of non-irradiated control parentso It did 
not prove in any sense of the word that there was no genetic effecto 

. NAS 
Following a gen~~al discussion of the mechanisms of genetic 

change especially as produced by radiation~ both natural and artifi­
cial9 the ccmmittee made c~rtain re~cmmendatiQnso In doing so they 
used natural ba~kground radiation exposure (ioeo 9 radiation from oo~­
mic rays~ igr.~ous rocks~ ·radium and radiopotasslum in our bodies, etco) 
and the s0=~s..ll~d spor.tanecus mutati0n rate as base lineso In addition 
they were unanimous that n0 increas~ ~ the spontaneous mutations rate 
was desirable and that all radiation exposure to the germ cells at 
whatever rete of exposure did indeed in·~rease the mutation rate in 
proportion tc the total exposure re~'!:hr~d at the time of conceptiono 
Consequently they stated that all radiation exposure to the gonads 
was detrimental and consequently radiation exposures should be kept 
at the minimum consistent wiih the overall needs of a societyo 

They then observed that half of the American children were 
born of parer.ts approximately 30 yea.rs of age or less 0 'they noted 
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that by the age of 30 the average Ameri~an would receive germ 
cell exposures as follows; 

L Backgrour..d er r.a-cu.ral radi:)activity 

2o Medical ~rays 

3o Fallou~ frcm weap~ns ~esting if ccn~ 
tinued at rate for the past 5 yea.rs Ool: (0,02 to Oo5r) 

They then esti!na.ted t.hat t:ie exposure nec'9S~ill'-'Y-to - - -- · ~) , , 
double the mutations' rate ir: humans lay be~cween O:and 1:50r 9 

more likely 30r to 80r ~ b·;,i:, el.s.::; t.ia c, different gene l;:;d w-ere 
quite different ir. thei=' .s-:ns:."1vlr,y t:::. radiatfor..o Takir.g these 
observaticns intc :c:or:.si:ier,at:L:r. tney felt that if the population 
s;s a whole were to recsivs z:.; m:;re that~ lOr man=ma:ie exposure to 
radiation to the germ ~ells p!"i.:.r t.:; t.ho:i aga 1of thi=ty no seri?us 
consequer..ces would res1..tlto Tney the::.1 ef;;::ocr::, re1~c:rnreanded that no 
one sh~uld receive a t~r,al a~!um:.tlated dose to the reproduction 
ceUs of more than 50r pric!" :.:> "the egi:i ,of thirty Yithcut clear 
cut· 'medical reasons f a.n.d t:'.1.a."S iL s.ny -::vent the a7erage exposure 
of populations as a wh;:ile sh;;~:.t.ld r.c':. exceed lOr by the age of 
thirtyo They point cut that. a~ preEent about 1/3 this figure is 
already being used up by rrt:?di:!al x~ra.y exposures mar;.y cf which· 
could with proper pre~a.;:ti:·r:s be g:"eatly redt:!!edo 

As to occupat:icr.al expcsu::"BS the Com:mitt.ee considered 
this to be a limited gr~up ~c estimates were made as to its 
actual OJ:' potential size, 

As finalized in t".J.e rspcrt the reccmmendatior..s are: 

lo There should be a national system of keeping radia­
tion exposures on all persons as is Low practiced at AEC establish­
mentso NAS 

Msdfoal excosu:-es to the germ cells shocld be reducedo 
+ 

3o No m:c:::-a t.har. lOr by age th!rty·for the population 
as a wholeo 

4o The subject s:C.:;tld be reviewed pericdi,~ally with a 
view to possible further red11,~":.ic·r.;. ir: exposure o 

5 o No body 1 hc1<re7'3:', empl~yed Y should r·ecei ve more 
t~ 50r of exposura pri~r ~~ the age cf JOo 

60 For special a::tivhies inherent in which are a 
gr.eater liability to cver'SxpO:B::::"<e ind!.viduals who for :one reason 
or othar are unlikely to pro~reate sh;uld be selectedo 
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7o The state of knowledge in the field of genetics 
has been outrun by our knowledge in the field of physicso 

8 0 Keep all exposures to the germ cells as low as 
possible for radiation exposure is generally detr~mental to 
living cellso 

In essence, this Committee formalized the current 
thinking on the subjecto It did not come up with any new or 
startling ~onclusions or recommenda.ticnso 

The Committee or. Pathologfo Effe~t.s of Atomi'C Radiation 

This Committee was ccmp::>sed of scientists -w-ell versed 
in radiation pathology and chaired by Dro Shields Warreni> 
Director of the Cance::- Research Institute of the New England 
Deaconess Hospital, Boston 9 M.asaa,~husetts, and was for five years 
~ 1948 to 1952 -= Director of the Division of Biology and Medi~ 
c~ne of the Ato!Ili.c Energy Comm!ssiono 

This g::-oup and subcommitte2Bon blcod 9 lung, delayed 
effects, and toxicity of ingeste4 radioactive materials reviewed 
the present state of knowledge and found that our knowledge of 
immediate effects was much great,~r tha.r!. for delayed effectso · 
They observed a five year lessened life span for American rad~o­
logists~ estimated to have received from a few roentgens to lOOOr 
of exposure as compared wi:th pbysfoians not using.radiation_..:.· 
and agreed that until w had mare preci8e knowledge of t!+e·' cumu-

-lative effects of repeated small exposure of the whole body to 
radiation the rule of thumb recommended by the Genetics Committee 
could equally 'Well apply to medical effectso That is, no one 
should receive more than 50r total ai(!Cmnulated dose to the repro­
ductive cells by age 30 ~ and no more than 50r for each decad~ 
thereaftero T~s, they felt, would assure that any li:fe eXpec­
tancy curtailIDent would be exceedingly minor, and the lik~lihood 
of induced leukemia minimalo They noted that as far as effects 
on the blood-forming organsj the intes~inal tract, etco, are con­
cerned~ none of these effects have been detected among tho~e who 
have adhered to present permissible dose levelso . NAS · 

As for the hazards from ingestion and radioactive 
materials, they confirmed the validity of existing National Com­
mittee for Radiation Protection and International Commission :far 
Rad1ation Protection recommendations and as far the most import~t 
of the fission products in fallout, namely Strontium-90, they 
stated "there seems to be no reason to hesitate to allow a univer·sal' 
human strontium burden of 1/10 of the permissible yielding 20 rep · 
in a lifetimeooooo Visible changes in the skeleton mive been reported 
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only after hundreds of rep ver~ accumula:-ed and tumors only after 
1500 or mere 0 

11 The permissible level referred to is that recom­
mended by the 1~RP for industrial wo~kerso The Committee noted 
that although "some rchild:en have accumulated a measurable amount 
of radioactive strontium in ~heir bodies~ the amount is quite 
sma.11-=a thousandth of what is considered a permissible doseo The 
Committee rconcludedy 11 than~ that Str~:::tium-90 is not a current 
threat, but if there were any substantial increase in the rate of 
contaminati::m in the atmospher,ej it ,~ould become oneo 11 

Committee on Mete0rologfoal Asper:.:;t2 of Atomi~ Radiation 
Chairman ~ Harry Wexle:r' ~, Uc S2 Weather Bi.ireau 

In this part of the report there is ~he fullest discus~ 
sion of fallcut frcm nuclea= weaponso They dis"Singuish between 
kiloton bursts when the cl::nd does not penetra. te to the strato­
sphere arld megaton bursts whe:::-e the r~l::.iud doeso They estimate 
that with surface bursts, ioeo, whe:-e the fireball touches the, 
ground 70=80% of the rasidua.l :::-adi~a.~tivlty falls o<Llt nearby, ioeo, 
with small wap=-ns a few miles, with larger cne.s up to 300 miles 
or more o They emphasize the ease af predic.tir.g this 11 nearby" fall~ 
out pat tern a.:f'ter the fact and the problem of predbting its pre= 
cise pattern prio~ to det~nati~no 

They speak of intermediate fallout, ioeo, material of 
small particle size released below the stratvsphere and some 80% 
of which falls out within three weeks in the same hemisphere in 
which it originated and ter.ding to uneven distribution associated 
with rainfall ar.d wind patterns along a broad band in the same 
general lati'tud:e as that of i'-s origin 0 Finally, they refer to 
delayed fallout of mat-srial wfo.~h has gaiz:ed entry into the strato­
sphere a It is slow with an average storage time in the stratosphere 
of 10 years, plus or minu.s five years 0 AF£, believes the latter \ 
figure - five years - is the m~re likelyo This delayed fallout 
tends to distribute itself more or less uniformly over the surface 
of the earth over the years" NAS 

They state that 11 a-: present 9 the amount of Sr 90 in the 
stratosphere f:r0m nuclear weapons tests is far too small to approach 
maximum permissible concentration even if it were all deposited nowo 11 

They urged a continuing prog:-am to check on the amount of radio­
activity in ths stratosphere as necessary so that if there were to 
be a greatly increased rate cf thermonuclear "'>eap.ons testing activi~ 
ties we would know at the earliest moment when it was time to slow 
down in terms of potential hazard from Sr 90 to mBno 

There is also a discussion of the radioactivity from fall­
out of the intermediate and delayed vari~tyo They point out that it 
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is usually tee feeble t0 m~a3-..:re wi0h a hand moni~or - that air 
sampling does 40~ give p~e~ise results as the amount of the pass­
ing air does not bear a direct relationship to what falls on the 
groundo The best measnn·es of the a~t':lal fallout available to date 
are laboratory analysis cf fallout on EXT.l!ll-:!d paper v in collecting 
potsP and actual analysis of the scilo 

There is a dis:.:ussi:m of a.t:mc:spheric radior:onta.mination 
as a result of u.r~~on~rolled release of material& su~h as radio­
krypton and radioiodine frcm paver react.:irs and prxessing plantso 
They point cut that c::.ntim;ied ccnt::..·ol over release of these pro­
ducts as is now dcr.a. is essentialo Co.r:.trol is by permitting a 
"coolingvi time f"Jr sho:tt=lived radi::a<t:;tiv~ materials tc decay away, 
by of'f=gas ie.lea.ningil ar::d by schedu.1.ing release cf materials with 
due regard tri mete ::n·olc5foal ·C :;mil r-,Ior:.s at the time o 

There is a ss~ticn ~n pcssible uses of radioactive 
materials ic the st·~dy of the sc:i·er..:::e of metecroL:gy o Natural 
radon gas in the .s.fr e;ar: be helpfcl ir: understanding verti·cal move­
ments of air fr~m the landa Weapcns t~sts have taught much with 
respect to lat~~al sp~ead of air messes at Yaricus altitudes = how 
rain scavenges t.t~ atmcsphere cf pal"T,foles = the rat.a of transport 
from the strat'.)sphe.r·~ t0 the t:-cp.::.sphere and tha removal time for 
water from the atmcsphar-eo Experiment.a could be cor.du~ted using 
introdu:csd radioae:tive materials ur.d.er~ ccntrolli:d cor.dit.ion.s to 
study air fl-:.w and dif1.~·c:si~n re.tea,. hydz'ome"Cecrology; Leo, con= 
densation; precipitation and evapcrati0n 9 and to study electricity 
of the atmcsphere espe::ially the p~.ssible relati:mship cf ele<ctri-· 
cal fields to the ..,,;::;a:t.hsr 0 · 

As to effe::t.s of r~uccle!:!.!"' -w~apo11s testii:g on the -weather 
the committee S't6t5d; 

L Nuclear Weapon dem·is was not effective as a seeder 
for raino 

2o 'l"h-e amount. of ionization produced i.s insigni.ffoant 
in meteorological terms,· NAS 

3o Ther~ has been nc measurable decrease in the amount 
of dirdct soilight rea~hing the ~arth whereas vol~anoas have. known 
to decrease it by aa m~ch as 10=20% fur appre~iable periods of tilneo 

4o The apparent re~ent increase in severe storms is 
probably the resul 7- of "impro0v':3d me"th;:;ds of reporting 0 
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Committee on the Effects of Atomic Radiation 8 Ol!eanography 
and Fisheries -.ChairmanQ Roger Reyelle 9 

Scripps Institute of Oceanograbhy · 

This group viewed the past record of this country .with 
respect to pollution of s+...reama~ waterways and harbors with ex­
treme. repugnanreeo They point out that 71% of' the earth 1 s surface 
is ocean and that eventually everything gets into the oceanao 

' . 
They note that the sea as compared to the land is rela-

tively non-radioactiveo Natural radioactivity of the seas is 1/100 
that of ign~ous rockso As a result cf weapons tests they report 
the following~ two days after Operation Castle was over in the 
spring of 1954 there was a millionfold increase in radioa~tivity 
of the surface waters r.ear Bikini; that after four months 1500' 
miles away it was three times the norms.l amount and that at 13 
months the area of surfe.~e ..-ate:- cc:ntamination had spread over a 
million square mil-:?sp a.c.d that at a distance of 3500 miles from· 
Bikini the 11artiffoiar radioactivity was 1/5 the naturalo 

They concluded that tc da~e there has probably been no 
damage to life in the sea ex~ept that et the test site propero 
They call attention to co~centration of radioactivity by plant 
forms in the sea and warn repeatedly ~gainst indiacriminate dump­
ing of radioactive wastes fr.to the seao They dis~uss the. "flush­
ing time 11 of the Black Sea-' 2500 years as compared with perha.ps 
100. or 200 years fer the shalf'=deeps of the Atlantic and Ca:ri~e&:no 
They stress they r.aed to knew much mO!"e about the ocean depths and 
their movementso (The Internaticnal Geophysical Year has a very 
large~scale study of the depths planned for 1957=58)0 This com­
mittee would apparently permit 11 ccntroll~d 11 sea disposal. especially 
of short-lived radioactive materialso They recommend that "Indus­
trial agencies f ormi.llate conventions for the safe. disposal of 
atomic. wastes at sea, based on existing knowledgeo 11 This would 
seem to be a very logical and ne~essary moveo To date, except for 
small am.aunts of short=lived material~ the Uc So has not dumped any 
radioactive wastes in the sea 0 We are still storing all proeesB 
wastes in tankso NA'S 

They further reccmniend ~ollaborative studies of the 
oceans and their organisms and though a beginning has been made 
urge a greater efforto Finally, thay contend that in ten or 
twenty years certain radiotracer experiments 'Will not be possible 
because of widespread 101-7 level contamination of the seaso This 
may well be t~ueo 
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Cgzprp1ttee on the Effects of Atomiq Radiation on Aa;ricu1tU:c1 allSf. 
F9od SuPJ1lies ·.;. C}lampen, Pr9f,. A, G9 NoriJW>,; 
University of Micb:igan. Ann !rbor, Michigan 

This group first discussed the application ,Of atOmic 
energy techniques to the a.grfoultural scienceso They teel grM.t 
advances wlll be forthcoming, but perhaps not as soon aa some 
cla:im0 They note the value of radioactive tracer studies in.i.Jn­
proving our knovledge of how most economically to ·apply. tertili­
aers, and to improve plant nutritiono They note ~he ~at poten­
tial value or ionizing radiation to induce mutations iri speeding 
up crop improvement programso They point up the in"laluable ocm-:­
tribution tracer studies can make to our understanding or animal 
nutri tiono They touched on th& pt"oblem of radioisotopes ae poaai~ 
ble contaminanta in food products and point o~t that present l&v 
classes radioisotopes of any sort or in aZJY amount aa poiaonso 
They urge a more realietic approach to this inasmuch aS. no t"ood 
product is or ever has been literally free o! radioactivity~ 

There is a general discussion of po,ssible ~:f,"feo:ta. ct 
fallout and the like on the ecology of the ootintry~ The ocmmd.ttee 
recommends that it may well be in the public interest to expand .. ·. 
the present. programs to a continuous study of the ohallges in U...~la 
or background radiation and the movements of radioactivity in-th• 
ayatemo (This is in essence ail activity that the Am ha& ah,-e~ 
underway and is expanding very much along tbe lines recommended..) 

Finally, there is a statement cQncerning use of ra4i.-; ·• 
tion for food procesaingo They note that re:l:Ativel.y: low e:XpPaures 
will destroy parasites in meat and inhibit. sprouting .in potat<?8s. 
and onionso They also note that for steriliz-tion extrelilely lllrge 

, doses are required (millions of roentge~).. The7 felt thi• area 
of development was moving as rapidly as Wlµ"ranted and.that .the 
interest of the _consumer will be adequatefy protected~ They eX­
pect at. a later date to review the evidence tor whol.es.omenesa and 
acceptability of irradiated foodso · .~AS 

Committee on Disposal ·and Pispersal of Radioactive Waatgf 
Chairman, AAel WolP¥1n, Johns HopkiQs lfui:Vei:sitr .. ·. ·; . .;._ 

' > • ••• :·· • 

This group considered the magnitude of the problem not 
ae it is today but as it will become 'With fUll scale pl'od~tion· 
of p.ower by nuclear reactors o They note that to da.te ·eas~ntia.l]Jr 
none of th&se vastes has been returned to the environlll8nt. It ie 
being stored in tankso They point out the importance. ~·deV.lap­
ing more economic methods ·of handling these vastea to the total. 
development of atomic power o They have. no quarrel V:itli pren.nt. 
practices. but are concerned at the future mag.nit'Wie "'or the i:roble•~ 

;1 . 
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T·hey estimate that by 1980 there will be 20 x 107 gallons of waates 
to Cieal with. These must, they say, be containetl in smiie form or ' -
~tlie~~"'! AEC/bas a large program to cope with this problem _on two 
fronts .,;_.r:one, to produce perhaps by sintering a non-leacbable sta~ 
ble mass ~"! two, to remove by separation the· worst offender~, &90 
and Cesium • ' · . . . ;' . . ... - ... ,· -. . 

' . '"I ·. ., ., ~ ' IL ' lo "p-.. f ..,' ~ '•·.'~ .. 

They note present practices with rega+"d 'to radio1,sote:Pe· 
prOduction, transportation and utilization a+"e. aound, but suggtil8t 
review from time to time as their very rapid.J.¥ .expanding activl.ty .. 
continues a 

_ 1· .. :,·~ .. :.-·, 

' The discussion of reactor accident~ as a hazard is quite 
general. They urge continued requirement of containment o£ tba 
reactor itself for all but small research reactors as practiced to-; 
day in this countrya They urge constant vigilance and eonolude 
that the extreme hazard -- total vaporization of a reae.tor -- ie 
unlikely. 

'· In other words, this entire study adds up to reassurance 
for the present, and repeated urgings to keep vigilant lest this 
new technology needlessly get out of hand. 

NAS 
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Critique of British Medical Research Council 
The Hazards to Man of Nuclear and Allied 

Radiation 

A Report to the British Medical Research Council 

The British Medical ~esearch Council is a gov~~ntal bod;y 
and. was diTecte.a bjv" the Prime Minis-ter ·ort 29 March 1955 tQ '-ppoint a' 
committee under the cha:irmanship of Sir H~fQ_l_9. _HiIDswo;rth to,:pe:v:i$vi t~ 
existing scientific evidence on the medical aspects of nual.ear -al'}.d 
allied radiations. 

This rep9rt consists of eight chapters. The i'j,rst four 
chapters deal with basic understand:ir:gs of radiation and its biQ].ogical 
eff~ct~, the fifth chapter with existing and foreseeable. cµposurea 
que both to peacetime uses of atomic energy as well as to nuclea-;r . : .. _ 
qetonations :in testing c:1:nd in warfare, tre s~h part wi.th recOJ11n1$llda­
tioll5 of perm.issable exposure and, the sewnth and eight parts -1-~ 
J>ummaries and concl usionso 

Chapter I i~ an introduction to the report. 

-· .. 

Chapter II discusses in simple terms the na t~~ of ra4ULtion 
and ~ts action on livirg cellso It deals with well knol{Jl u,nits, -
methpds of measurement am biological effects. _ . _ _ , . " 

_ Chapter III discU5 ses the effects of ;radiation o:n t~f;I ~P.lth 
of the :individual. It includes dis cu.s sions of the earl¥ effects _--
µpan tre Japanese at Hiroshima an:i Nagasaki and the ~t~r d.~V'flOJMVllt' 
pf an irereased incidence of leukemia among the survivors,,; ?h$ Bnttlih 

. - ' ! ~ ::. . • . . 

state they have demonstrated an increased inc~dence of leukenci.& in 
patients with arthritis of the ~pine treated. wi~ :x:-ra.ys. "They cite· 
-also l\.merican statistics on the increased evidence of l.ituke!Dia Ui 
r~diologists. -They concl¥de that radiations can induce i~uka~·p~~ 
qo not quantitate the exposure necessa~ for such an eff~ot ~bQ~·qf 
l~rge single doses as ~t Hiroshima and agasaki. NAS _ ":, .-

There follows a discussion of radiation as an indUcer of 
cancer and a c~mjecture that lOOOr exposure to radon gas. alld its -

I 

WLughter produces induced lung cancer in th~ Schneeperg and Joaohitaatbal 
:m:i.neso Paradoxically, they go on tp say that there is no evide~ee 
that external x- or g~nuna, rays can cause lung tumors' in tnJn. 

There is a discussion of raaiation a.s a cq.4se a.:t' pore t'UllO:l"• 
drawn principally from the reports of C,ancer of bones -in t-841~ Q:ial 
workers a:ni indivitluals given radium therapeutically. Most of th.is-
~s American pa,tao They feel trere is not much of {lo fa.ctor ~f 1a.~etq 

- 1 -
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in the present maximum permiss .ble concentration for radium. They 
indicate the risk of development of bJne cancer from x-ray or gaDllllB. 
exposure in' industry is insignificant. There is brief mention o~ 
skin cancer a-s induced by · ra.dia ti on, and t byroid gland cancer. Again 
the likelihood of this sort of thing from industrial exposure under 
mbdern controlled conditions is insignificant except, of course, ·:1.n 
~he event' of accidental overexposure. 

Radiation cataracts are mentioned as a hazard subject to 
ready controlo 

This report seems to understate effects of radiation on 
life span which has been so clearly proved in experiments with aniJl!als 
at, to be sure, radiation doeses somewhat above pennissible· levels~­
Th3 National AcadenV of Sciences report emphasizes this effect and 
cites the reduced life expectancy of Anerican radiologistso 

Both reports mention effects of radiation on developing 
fetuses, and the temporary sterility in males expose.cl to a few hlindred 
roentgens at a single exposure o The British rep0rt is totally .: . '' . 
reassuring on the effects of occup~tional exposures on fertility~ 

Chapter DI is a very lengthy genetics effects discussion 
with maey figures, tables and calculations and a critique; of the 
Atomic Bomb Casualty Commission genetics stuey in Japano Tliis is a 
highly technical ·discussion and comes out with the same concluf!:!,ons 
as ·:does the National Academy of Sciences, namely that a dose r;>f ·. 
ra~ation which would double the mutation rate of a rel"'tively small 
group of prospective parents would praduce no n.Oticeable'etfects~ 
•For l.Svels of radiation up to the doubling dose, and even some way 
beyond, the genetics effects of radiation are only appreciable when 
reckoned over the population as a whole and IBed cause no alarm ta' 
the individual on his own accounton 

Chapter V discuss~s natural radioactivity -- radiat~on from 
appurtenances of civilization and occupational exposure to radiation. 
The report concludes that diagnostic J11edical :x-rays produce exposures 
to the germ cells of the order of 22% that of background: and constitute 
the most important source of man-mQ.de irradiation. It is· estinll. teq 
that the United Kingdom.Atomic Energy Authority's employees rece:}.ve 
an average does of Oo4r per yearo NAS . -

The estimated external radiation exposure to. people :i.n · 
G,reat Britain from fallout from all past nuclear tests has been quite 
m'iriimal. •oo• Including all ordinary atomic bombs exploded before 
December 1955, and calculating all of the rachoactivity whicP. they 
have contributed and·will contribute ever the next 50 years,·1t'is 
found that the total dose: which a mah, continuously out of doors, 
day and nigh~, would receive is Oo005 r. To this dose frOlJl ordinary 
atomic bombs must be added the does of thermonuclear weapons. For 
these latter the dose from the radioactivity still to be deposited is 

REf'RODUCED FROM THE COLLECTIONS 
OF THE AiiCHIVES OF THE 

MTJONAL ACADEMY OF SCIENCES 

- 2 -

(\.. 
\~ 



more important. It can be estimated that the accumulated dose from 
thermonuclear weapons is 0.002 to 0.003 r with another 0.027 r still 
to come. All these aoses together add up to about 0.035 r from 
weapons already exploded. This is a maximum dose. The loss of radio­
activity from weathering has not been taken into account, nor has 
the protection afforded by buildings in and around which most people 
in this country spend a large part of their lives. It would be 
realistic to divide the dose by three for weathering and by seven for 
protection afforded as a result of time spent in houses. The average 
inhabitant of this country may therefore receive in the next 50 ye•r8 
between 0.001 and 0.002 r from this fallout, or 0.02 to o.o4 per cent 
of the radiation that he will receive during the same period from 
natural surroundings." 

The report has this to say about the effects of a continuinf 
program of testi~: at ••• if the firing of both types of bomb were 
to continue indefinitely at the same rate as over the past few years, 
there would be a build-up of activity gradually reaching a plateau 
in about a hundred years time which, on the same basis of calculation, 
would give the average individual a dose over a period of 30 years 
~f 0.026 r or about Oo9 per cent of what he would receive in the same 
period from natural sourceso 11 

An important radioactive component of fallout ns.terial is 
Strontium 90. This isotope may be deposited in the bone and when 
present in sufficient quantities can cause bone cancer. The United 
Kingdom Medical Research Council report estimates that to date about 
OoOll curies of Strontium 90 per square mile has fallen .and that . 
future deposits from past tests may produce a maximum of 0.045 curies 
of Strontium90 per square mile by 1965. These data are ilnmediately 
evaluated in the report, " .... these figures should be viewed against 
the background of the fact that the top one foot of soil has always 
contained on the average about one curie per square mile of the 
equally, if not more, dangerous naturally occurring radium.ou 

They estimate the hazard from plutonium in fallout as very 
.sma.llo They feel Cesium.137 , Iodinel31 and BariumlhO are o:f very 
little significance outside a nearby area of very heavy contamination~ 
They e~timate the gonadal dose as 1% of natural background and 
diagnostic radiology as 22%. lbe discussion of atomic warfare is too 
scant to consider hereo 

NAS 

Chapter VI, Assessment of the Hazards of E:xPosure to ?iad;lation, 
is in essence a summary of the foregoing -- pointing out the dif'fer­
ences between efi"ects on the individual and genetic effects. They 
conjecture that no •authoritative recommendation will name a figure 
for permissible radiation dose to the whQle population additional to 
that received from natural sources, which is more than twice that of 
the general value for natural background radiation." This is estimated 
by the British at Ool r per year, hence Jr in 30 years and 7r in 70 
years.. The National Academy of Sciences estimate is an average of 

= 3 = 
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h.3r r in 30.years from natural background exposure and they recommend 
lOr as the top figure for average exposure of the population as a 
whoie before age 30. 

As to the hazard from strontium90 the report states 11if the 
concentration in human bones showed signs of rising greatly beyond 
one-hundredth of that corresponding to the max:imum. permissible 
occupational level11 they would feel tliat inmJ3diate cons~deration W&:re 

requiredo This figure is 10 times the highest they report in man 
today. The National Academy of Sciences report states 11It ~ppears, 
then, that strontium90 is not a current threat, but if' there w:ere 
any substantial increase in the rate of contamination of the atiaos­
phere, it could become one.n 

I 
I 

The conclusions are to all intents arrl purposes identical 
to those of the National Academy of Sciences report. 

2. 

5. 

Adequate justification should be required for ·the employment of 
any source of ionizing radiatior.. on however small a scale. This 
is not explicitly stated in the National Aoadenzy- of Sciemes 
report but is inherent in it. 

Dose levels to the individual O.Jr per week -- 200 r in a 
lifetime for occupational e~bsu:·es and no nore than 50r the 
first thirty years of life. 

No more than twice natural gackground from lftall-mad,a sources for 
the population as a whole. 

NAS 
The present and foreseeable haza~ds from external radiation dUe 
to fallout at present rate of te3ting is insignificant. As to 
internal hazards from strontiwn9) at its present level no detect­
able increase in the incidence of ill-effects is to be expected. 
•Nevertheless, re~ognizing all J::ie inadequacy· of our present 
knowledge, we cannot ignore the possibility", t~at if the rats 
of firing increases and particu:.a.rly if greater numbers of th.ermo­
rmclear weapons are used, we ccild within the lifetime o:t some 
now living, be approaching leve.s at which ill effects 
might be produced in a small nua.ber of the population. 11 Thia 
is a rather roundabout way of s1ying, "let's be careful•" 

ao All sources of radiation sr)uld be under close inspection. 
A personal record not only of coses of radiation received du.ri~ 
occupation but also of exposur1s from all other sources such as 
medical diagnostic radiology ~·:Lould be kept for all persons . · 
whose occupation exposes them ;o additional sources of radiation. 
The National Academy of Scj.ere~s report would seem to include 
the whole population in its sjnilar recommendations. 
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b. Present practices in medical diag:r.wstic radiol-ogy should 
be r.eview.ed with the object of clarifying the indications for 
different special types of examination now being carried out 
and defining more closely, both in :relation to the patient al:ld 
to the operators, the conditions wbich should be observed in 
their performanceo This says, in effect, u1et 1s tighten up on 
unnecessary exposures.• · 

c. The uses of radiotherapy in non-malignant conditions ebotild. 
be critically examined -- again, a warning to tighten up on 
unnecessary exposures. 

d. The small amounts of irradiation from miscellaIEous soi.irces, 
such as x-ray machines used for shoe fitting, luminous watches 
and clocks, and television apparatus should be reduced as far 
as possibleo 

f;. They end with a plea for better vital statistics. No cm.nparabJ..e 
recommendation appears in the Natioµa.l Academy of Sciencel!l · 
report. 

NAS 
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