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TILiIs REVIEWof recent literaiure was

undertaken to obtain a perspective of radia-
tion effects on human beings, particularly the

eects on children. Although numerous re-

ports indicate the occurrence of specific del-

eterlous effects a:ter high doses of radiation,

documentation of damage in manfollowing

chronic exposure to low doses and low dose
rates is meager.

The question of differential sensitivity in
relation to ave is particularly relevant to

pediairic considerations. The publications
suggesting tat feral irradiation at diagnostic

rocntgenographic dose levels may be asso-
ciated subsequently with increased leukemo-

genesis and carcinogenesis’ * 5 have empha-
size the need to obtain more data on human

beings. The occurrence of thyroid cancer
after irradiation of the thymus during in-

fancy*% 7 and the age pattern of leukemia

in the Japanese A-bomb data*° have sug-in
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gested that voung children might be more

suscepiible than adults to the carcinovenic

action of radiation. Other data, however,
+
eye tesuow ibat leukcmiogencsis aiso may be asso-

ciated with diagnostic radiation in the adult?

and that the incidences of radiation-incuced

lung tumors among asbestos and coal gas

workers, of bladder tumors in chemical

workers, and of leukemia among radiation-

treated males with spondylitis in England in-
creased with increasing age.™? Lack of knowl-

edge regarding the basic mechanisms in
radiation carcinogenesis (and spontaneous

cancer}, in addition to the difficulties in-

herent in the interpretation of epidemiologic
data, warns against uncritical acceptance oi

conclusions scemingly shown.7*"!!

Considerable data have accumulated de-
scribing the effects of radiation on acult
human beings. However, less is known about
the age dependence of such effects, particu-

larly in regard to children. It is believed
that the young are somewhat more sensitive
to radiation than are adults and inis is

generally found to be true in studies on ani-
mals and from limited experience with ir-
radiated human beings. In this paper, the

somatic and genetic effects of radiation in

the human being will be reviewed with spe-

cial attention to what is known about the
relative sensitivity of children. Also, the

current attitudes toward the hazards of low-
level radiation in children will be examined.
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SOMATIC EFFECTS OF

HIGH DOSES

Somaticeffects that result from substantial

doses of radiation have been well docu-
mented and the causal relationship of early

effects to the fact of exposure has been fairly
clearly established. The present knowiedge
regarding the late effects on humans which

occur months and yearsafter the exposure is
based on meager data from acute exposures,

from epidemiologic investigations, and from

occupational and medical exposures.?*: 76

These late effecis are nonspecific and cannot

be differentiated from naturally occurring

disease; only the incidence of the disease is

increased.’* Tne general pattern of somatic

effects following irradiation varies with sev-

eral factors which include the quality of

radiation, absorbed dose, and raie and

homogeneity of exposure (spatial distribu-

tion),

Acute effects. The median acute Iethal
dose (LD5,j in man ior short-term total

body radiation is not precisely known butis

estimated to be somewhere between 300 and

500 rads.** ?* Doses over 2,000 rads are fatal

within a few hours, producing rapid clinical

deterioration in which neurological symp-

toms are strining. Between 300 ana 2,000

rads, effects are characterized by severe
gastrointestinal disturbances; death occurs

within a week. Arter an exposure to 100 to

500 rads, less serious gastrointestinal symp-

toms precominate in the early clinical pat-

tern, Following subsidence of the gastro-

intestinal symptoms, the eifects of injury to

the hematopoictic tissue (infections, anemia,

bleeding} may become evident in abour 3

weeks.?" Clinical syndromes of acute radia-

tion injury have been descrived in. detail

in a numberof pubiications.74*#

The relative sensitivity of children com-

pared with adults to high doses of radiation
is not precisely known. “In assessing sus-

ceptibiliuics various end points can be used;

the apparent radio-sensitivity of a tissue or

organ depends on the method of observation.

Sensitivity depends on age at the time of

exposure, children being more susceptible

than adults."%* Marshallese children irradi-
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ated with 175 rads of whole body gamma

rays snowed a slightly greater degrce of

nausea and vomiting and greater depression
of leukocytes than did the adults.** ** How-
ever, the dose may have been greater
these children due to their shorter stature

(nearer the ground source) and smaller

bodies. The skin of children is known to

be more sensitive to radiation than that of

adults.*” The Marshallese children exposed

in

to fallout also developed more widespread
“beta burns” of the skin and epilation than

did the adults. This greater sensitivity may
be related to the thinner skin of the chil-

dren,*°

Late effects. In considering the possible
late effects of radiation, it should be borne

in mind that children have a greater chance

of developing some of the late effects since

their lonyer Hie span would permit effects

with prolonged latent peviods io become

manifest,

Leukemia. The occurrence of leukemia as

the result of exposure to ionizing radiation

has been established in studies of atomic
bomb survivors in Japan®,% 27° #9 and of
therapeutically irradiated ankvlosing spon-

Gyvitis patients in England*® 31 In the

Avomic Bomb Casualty Commission (AB

CC) study, calculations based on 82 cases of
confirmed leukemia of ail types occurring

from 1947 through 1958 among the proxi-

nally exposed (within 1,500 meters of the

wypocenter) survivors demonstrated that ihe

5
m
e

highest calculated annual raie of 673 per

milion was in the age group 0 chrough 9

years; the calculated over-all incidence was

455 per million for all age groups combined.

During the same period of time, the leukemia

rates among the distally exposed (1,300 to

10,000 meters from the hypocenter} survi-

vors, calculated on the basis of 67 confirmed

cases, were 26 per million in the 0 through

9 year ave group and 35 per inillion for al

ages combined.» * The expected incidence of

leukemia of all types for all ages in Japan

was 20 to 30 per million per year? When

acute Ivmphocvtic leukemia was considered

separately, the calculated annual rates in tie

O through 9 age group were 269 per million
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per million
* Straight-

line reiationships between irradiation doses
incidence in the Japanese data

were noted over the dose range from 100

to 900 rads. -

The British data were obtained from fol-

low-up stucies on about 15,000 patients, pre-

’

in the proximally exposed and 6
in the cistally exposed cnildren.$

and ieukem!

dominantly males of 14 years and older,

who were given radiotherapy for ankylosing

spondyiitis*® 3% 33; 73 cases of leukemia have

occurred am
or cases of leukemia expected in this study

population in the absenceofirrad

been estimated to be iour or five.?? These pa-

tients received therapeutic doses of radiation;

ng these patients. The number

tiation has

therefore, “this study does not provide evi-

dence on leukaemia incidence after doses be-

jow 500 rad.’** Other epidemiologic investi-

gations have indicated that children with

leukemia have had greater exnosure to radio-

therapy than’ have comparison groups

and that children subjecied to therapeutic

irradiation, particularly to the thymic arca,

have a higher incidence of leukemia than

expected.” "3° In some reported sevies,

hovwever, children who received : eraneutic

irradiation, including’ irradiation of° the thy-
mus, did not showa significant incidence of

leuxemia.**9? Again, the history of therapeu-

tic radiation is not always a significan: find-
ing in leukemic children.* 4? The <otal voi-
ume of tssue Irradiated (bone marrow} has

been suggested as a factor of importance.*®
Although increased irequency of deaths from
leukemia among American radiologists has

been reported,*?:#? the data do not con-

tribute toward quantitative aspects of the

probiem.*> +

Several attempts have been made to deter-
mine the probability of leukemogenesis on
the basis of radiation dose.*%*4-42 The
conc.usions do not definitively answer the
question of the existence or nonexistence of a

threshold radiation cose for the development

man.** A cause and effeci

relationship, however, between high-dose

radiation exposure in man and increased

must be accepred.*°

Cancer. Tne correlation between ionizing

or icukemia in

incidence of ieukemia

japan, 21 instances

October 1965

o
tand the occurrence of :

neopiasia other than leukemia has been th

object of intensive scientific inquiry since th
publication of reports of increased carcino-

radiation malignan

0
&

nesis in children who were irraciated in in-

fancy for thymic enlargemeni.* * Cancer of
the thyroid gland apnoears to be the most

frequent malignant tumor noted in these
studies.*"* *#” Eleven cases of thyroid canc.
developed in a group of 1,644 children given

x-ray therapy to the head, neck, or chest. in

the same pooulation, 0.12 case would have

been expected. Irraciation dosage in the il

wed from 100 to 1,770 r in air.®
prospective stucy of 2,809 in-

fants wno had beeen therapeuticallyirraciated

allo 7 ~
Cauaren ran

In another

for thymic erlargentent, 9 cases of thyroid

ancer were found 0.10 case expected, in

addition to 21 cases of thyrcic acenoma (GY

case expected). The 9 with unvroid cancer

  

 

had cumulative exnosures ran

io 1,092 rin air with a mean of 398 v7 Al

though the developmen: of “thyroid nodules”

has been ascribed to prior therapy with

1odine-131,*% °° only one case of thyroid

carcinoma has been reported amoz.z pacients

so treaied.*® #9 Varicus data suggest that the

formation of the nodules was more frequent
1 ain children than in adults (33.3 per ce 4

ct

w
o
k
e

compared to 0.84 per cent).*® Clinical ob-
servations nave sadicared that the history or

antecedent therapeutic irradiation to the necs

area was signifAcantly very common (up to

80 per cent} in children and adolescents win

n

-

thyroid cancer.*% % in the ALCC survey in

r thyroid cancer were
i)three-year period (1958-1

among more than 19,0G0 persons inthe
found over a

study sample.** Nineteen of the 21 occurred

in the exposed group. Two were under 13
years of age at time of
were under 21 years of age at exposure. Ten-

sz), Computed on the

exposure; 6, howeve-,

ative exposure doses (T;
basis of exposure distance and shielding his-

tory of these cancer cases, ranged from 125

to 3,00 rads with the excedtion of a sing.c

patient whose T;:; dose was calcularec .

have been 33 rads.°* It was concluded from

these findings thar thyroid carcinoma was

significantly more prevalent among survivors
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leaviyExposed to radiation Trom the atom

In another study or Japanese arcmic comb

a higher incidence of cancer oF ai2survivors,

typesSee!uding lcuxemia andams

 

reecuency Was Tot

related to

ever, has not been substantiated.

The development of bone tumors following
with Goses in excess of 3,0G0 ris

@ in Jeeguency

tea num-

47°e@
ast or sex. This finding, how-

o4, 36

jrradiation

well documentec.*” An increas

Oi Osivochondromas over the expe

ber of cases has also been observec” in

children treated with several hundred r for

taymic enlargement. Bone tumors have asso

been observed in watch dial painters irom

mMicrnal Ceposition of radium. Radiogenic1

bone neovasms from Sr®

been experimentally produced in animals and

presumabiy could occur in man.** Malignant

the lung anc the skin are aso

known io be related to radiation exposure.

Cancer of the lung has been associated wna

high atmospheric conten: of and
radon, The risk of radium-

deposition Rave

culnors of

radium

particularly of
induced cancer of the skin is generally con-

sidered to be less than that of many other

types o7 tumors.%7

Growth and development. Severai analyses

oi the growth data on Hiroshima and Naga-
aki children subjected to atomic bomp ir-
radiauion have suggested a retardation of

end the exposed groun.°® %9 6°

eterious eect seemed more promi-

boys than girls and among

those exposed at ages.°% °° Inter.

pretation of the results is complicated since

the chiidren suffered psychic and physicai

trauma as wel as nutridonal disturbances

and diseases. A similar trend in retardation

o. growth and development has been noted

of 3% Marshall Island native

chidren who were exvosed to whole body

irradiation or 69 to 175 r from radioactive

fallout." Highiy suggestive differences were

noted, particularly between male children

exposed at 12 to 18 months of age and the

nent among

younger

in a study

unexnosed comparison group.

Clinical experience has long emphasized

a
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the cecurrence of deveionpmentcal abnorma!-

iues among children rece} ing 3irr.

utero.” Oz the offspring of 11
wornen who were exposed during

aciation in
pregnant
the first

trimester of pregnancy to the atomic bomb

in Hiroshima at distances less than 1,200 M.

trom the hypocenter, seven had microcephaly

and mental

over-ail morbidity and mortality were high
among babies born to 30 mothers who were

retardation.“* In Nagasaki, the

exposed during pregnancy and who mani-
tested major raGiation symptoms as com-
pared io those among babies born to 68

but with-2.000 Mi.
out histories of major symptoms and to in-

mothers exposed withiz

fants born to 113 “contro!” mothers. Four of

of motwsers with
meal
Mmiaay

tae 16 surviving children

major symptoms were m Cerective.”*

Experimentaudy, many types 07 malformations

nave been proaucea in the anima. fetus by

irradiation.78469

Life shortening. Sucrvering of the fe span

and premature senescence have been estab-

lished in mammals receiving acute or chronic

irradiation.?* &6. 68 Tr has nov been con-

clusively demonstrated that a similar Hie

shortening effect occurs in beings

xposed to radiation,’ although morialir

statistics rom retrospective

interpreted to snow cecreased longevity of

American radiologists

other physicians and with the general mate

human

surveys have been

incomparison with

populauon.?? % 7? The Atomic Bomb Cuzs-

Commission—National Insitute of
(Japan) Study ot Life Span or A-

Somb Survivors has under surveillance a

sample of aporoximately 100,000 persons.*?

Analyses of these data may provide some Emm

answers in reference to the reiative lve span

of those exposed to radiation during chilc-
hood and infancy, a.c.ough results thus far

have not reveaied any positive correlation.

Chromosome changes. Porsistent chromo-

noted in taaberrations have been e

received

somal

ioutocytes of human beings who

whoie or partial body irradiation#?*® Diag.
nostic radiation ranges in ieveis of 12 zo 35 4,
and even in levels as low as 1 to 12 r, have

been aberra-

tions.** The clinical significance, however, of
associated with postradiation

’
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1 \
these chromosomal aberrations has not been

established: in the absence oF sufacient in-

formation, the rel 5 :

logic changes to potentia

other abnonnaiities which wiht 6occur iaier

remains highly speculatixe.””

Other somatic evffccts, Opaciues o:

opuc lens occur after acute exposur

 

a c
h a

lens to doses greater than 2U0 rads of mixed

I ]gamma and neutron radiation,?”

the minimuin effective x-ray dose for the

production of clinically significant cataract

has been estimated to be 600 to0 et rads.

In chronic exposures, neutrons are consicered

to be more cuiaractogenic thanN- OY gamunc

rays.” The semsluviiy of iemscs io radiation

setMis tO be yreaiust in infani uncer 1 year

oi age’ Prolonged temporary or permanent

sterility nas been reporicd folowing single

jocal yonacul doses or 500 rads or higher. lu

HEAROITARY ESPOCTS

5I1GH DOSE

In the stucics of atomic bomb survivors

at Hiroshima and Nagasaki by the ABCC,
7s 1 Gp was concluded that the data could

demonsirate “no significant and conpsisient

COeffect of parental radiation exposure on th

ruumber of infants with major cerects, among

wie 76,026 children examined” anc failed

“LO reveal an Increase in stillbirtas or invant

deatus clearly atcvibutable to parental irra-

ciation.” The Japanese study, however, nus

aindicted a change in sex ratio among off-

spring of irradiaied parents, Such a shiit

would be consistent with the occurrence of

 

sex-linked muitauons affecting prenaial sur-

vival¥ Schulty has examined the genet a

interpretauon of theb cata, emphasizing the

reality of the effect but indicating that a

numouer of generic valternasives may account

for the change. A slight increase, however, in

ihe number of miscarriages, sullbirths, and

neonatal Geaths has been reported in the

Aiarshallese women exposed io fallout racia-

uion,”!

iSased on the assumption thar chilaren o:

consanguineous marriages, owing to their

increased homozygosity, are “a more sensitive

index of radiation induced genetic damage,”

tne ABCC investigated 4,781 births to re-

sated arents withvaning feerees OF radia-
won exposure” anc reported: “No dermon-

stable, consistent eGect of parental exposure

: : £ malformed intants or

deaths was round.”

Phe massive data trom tie ABCC survey

 

and, on the basis of this scparate analysis, a

nificant total genetic ¢ffect Nas been re-

ported.**: °° However, the methodology and

interpretations of the reanalysis nave been
seriousiv Guesiicned by Neo! and Schull

Experimental siudies Ei organisms otner

than man have shown that the feccuency of

mutations was dose devsendent, even at the

lowest doses investigated. and ina: the wt

: changes lad

Aaourn direct

Jory oi induced hereditar

Gelraneniai Conmsequences.

information is lacking. it andears 2 easonably

certain inact simular eVecis occur

man being.?* Thus, known exposure to»his

doses of ionizing radiation requires the Cis-

quicting acceptance of genctic hazards, the

true magnitude of which may be assessed

only wita the perspective of ume strewching
over generauons.

MATIC AND GSNETIC ZFFECTSso

OF LOW-LEVEL RADIATION

The term “low-leve.” raciauon, regarc-

less OF source, requires deAnition. The Unizec

vations Scientinec Commitee on the Effecis

of Atomic Racaition (UNSCEARS has

avreed thar doses of Jess than 30 rad short-

erm exposure and 100 to 1,000 mrac cumu-

lave weekly coses should be considered as

low." Ywo other frames of reference will

be userul in this discussion. one being the

amount of radiation from natura: sources 10

which man is constantly exposed and ihe

omer being the levels aces sted by severai

advisory and regulatory bodies as proiection

1 popwuiation.POTYostandards for the

o
r

e
f
i

According to UNSCEAK caleulauons of
te] da, oFdose raics rom natural raciution sources

cosmic rays and terrestrial sources cuch de-

liver about 30 mirem per year to ihe gonads,

bones, and blood-forming cells. The Inges-
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tion Of vienicnis of the rachum and thorium
scri¢s, Of potassium-10 and of carbon-i+, pro-
vides radiation exposure frominternal sources

in dose rates estimaied to be 126 mrem1

year to the gonads, 130 mrem per vear to the

cells lining bone surfaces, and 122 m

year to the hematonoictic tissues.

Medical diagnostic radiology constitutes

another source of inevitavie low-level irradia-

tion, the magnitude of which has been the

subject of recent inquiry.2% °“ The annual

genetically significant dose received by an

individual in the Uniied States from diag-

nostic roentgenologic procedures has been

estimaica to be 356 = 25 mrem minimumand

140 + 100 mrem probabie.*® Alinough esti-

mates ot bone marrow dose are bascc on

sparse data and assumptions, the UNSCEAK

in two reports has suggested that the cati-

imate oO: the populauon per capita cose

“might be of the order of 30 10 100 mrem.’
vi78 The radiauon exposure from radio-

isotopes in peciatric patients for a numberof

diagnostic tests has also been calculated.™

Adequate inrormation on effects of low

doses in both man and experimental animals

is tacking. In 1959, Brues®* commented that
the subject of effecis of low-level irradiation

concerned “hazards which, Hf they exist, can-

not possibly be demonstrated to exist because

they are relatively so small.” Upton,?* in re-

 

Viewing raciation carcinogenesis, stated that

“onisting aia... are not acequate tO Der-
1

mit conficent estanation of the risks of small

increases in pacxground radiation.”

Sowane effects. The report by Srewar
anc asscciaces’” that dlagnostic pelvic irra-

Giatlon of tie pregnant mother was associatec

With subsequent development of leukemia

and others malignant neoplasms in the child

WAG Was exposed in uiero triggered a num-

Ta sub-

sequent communications, the original con-

ye
ber Of shuilar epideniologic studies

clusions were confirmed and amplined?

The stucy attempred to trace all children

in England and Wales who had died of

lecuxemia (792 cases) or other cancer (02

ases} before the tenth birthday during

1953-1955. It was concluded that the risk of

subsequent malignant changes in the chid

to
Effects of ionizing radiation 663

my tis san ve rwo IMMOwer GuPring

5 ra S
s
g
o Ee eo a i &

p
o 3 $

2 y oo
m4 a) Is oO w
e

C
o th 3 f,

o
B
a
s

G
2 u
e “ x oO r
y oO a ec = i

MacMahon* has reported the results

3 chilcren born in and dis-

charged alive from 37 large maternity hos-

nitals in the northeastern part-of uc United

States from 1947 through 1954. For each of

three categories, ieukemia, neoplasms of the
“ys

central nervous system, and other neoplasms,

he cancer rate was found to be “abour 40

percent Righer in the N-rayed than in the

unX-raved members of ihe stucy popula-

tion. The excess cancer moriihy in the

N-cayed

through 7 years, at which ume ie relative

@rOuD WS MOst wiarkec at aves S

risk was 2.0. The excess risk apparenUy was

exhaustea by age 8." MacMsiuon mus este

mated that the probablhy of death from:
leukemia for white children in wie United

-
Siates up to the age of 10 years wil be

increased from 46 per 100,000 chiidren to

62 per 160,000 children by prenatal irradia-

uion.**

In a prospective approach.* 43,742

women who between 1975 and i956 re-

ceived pelvic irradiation qurh.. pregnancy

were Idenufed from the records of selec:

hospitals (Edinburgh and London’ snc tne

subsequent deaths from leukemia of the chi

dren of these pregnancies were then Invest-

eaied. Court-Brown, Doll, and Hin.? in ihis

study, founc 9 instances o7 leukemia among

39,165 liveborn children when 10.3 was the

estimated expected number. The study abo

: there was no evidence of any

proportionate occurrence of leuxaemia

among the children who had been most

heavily irradiated nor among tne children

who had been irradiated early in intrauterine

wie.’ Data nor in accord with those of

Stewart and of MacMahon have woo been

reported from several other studies.2?

Although the exposure dose cannot ve

preciscly determined in these suidies,' the

reporied association between prenata: pelvic

irradiation at diagnostic dose levels and in-
tN

creased Icukemogenesis and carcinogenesis}
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clearly indicates the need ior further daia on

e

r
human beings.“If leukemia does resutt

trom pelvimeiry, it may indicate that the

fetus is extremely sensitive or that in reality

there is no tnreshold.’*8 However, no diler-

ences in ine incidence or leukemia have been
found among a number of metropolitan areas
of the United S:aies with citeren: cosmic

radiation backgrounds.**? The question re-
2

c
cgarding the possibility that the irradiate

sample may not be renresentative of the

whole chiidhood ponulation needs io be more

precisely answered.>*

Chromosomal aberrations in peripheral

leukocytes have been reported following di-

agnostic X-irradiation doses of + io 12 r.7°

Vhat similar changes may occur at lower

doses is suggested by a report of the develop-

ment of chromosome abnormalities aher $25

mr (0.8 rad} total body exposure.’® None

were noted aiter 20 to 60 mr radiazion.*?

Current asvailable datz on human subjecis

do not permit any Cefnitive assessment or

ihe development of otmer somatic efects

+4from exposure to low-level irradiation. In

reference to life shortening, extrapolation

from animal to human has been attempted

Dur the ciinical observations are inconclusive.

Meron we Cunicahy signiicant cataract for-
mation probably has not occurred below 660

rads, anhough it is generally believed that
ive dose is lower in chilthe minima Ciect

éren.** Stucies of growth and development

in chiidren have not been reported other

than inose carried out on populations ex-

posed to whole-body coses of 69 r or more.
oaeul

macrecitary ehecr. There exists no bodyof

direct odservation oz human population

which perimits the precise quantitative deter-

mination of the genetic effect of low-levei

radiation.®**"8 The potential genetic con-

sequences Of exposure to radiation have

been usiimated indirectly in such terms as

“lethai-equivaients,7'* total estimated num-

bers “ol gross physical or mental defects in

future generations,!"% res and) “gonacail

doses” cr “doubling doses” or
tion.” lus, idt

radia-

Based on radiation-induced mut

in man and on the spontaneous inciidence OL

 

Octuber 1965

Geiects in man, the total of gross physical

anc mentai cufects from all atomic weapons

tests through 196] and all future generations

been estimaied’286 as 1,000 (range

00} zrom fallout and 2,000 (ran

,005; trom carbon-l+. The vote!

number of such defecis Cue to ail causes

a

3

‘nerediiary and nonhereditary) in chilcren

o: persons now living hus been estimated to

be bezween +,0C0,0G0 and 6,000,000. The

number of additional cases occurring In ine

i2xt generation has been estimated to be 100

(2

p o

wrange 20 to 500) due to fallout and 10

Q 30) to carbon-l4. The risk to the in-t

rencration (of genetic

mental or pnys-
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tal a r yas f 4 alas ara -ical defect, nas been calculated as 1,/1,000,-
PAX tee

Phe UNSCEAR report concludes that for

whai lower than 36 rad but moc less than 13

rac. For chronic irradiation, t.c most prob-

able value is 100 rad or possibly nigher.”+

FALLOUT RADIATION

The voluminous data on tie levels and

mavards of environmental coniamination

with radioactive materials (primarily from

nuclear weapons tests) have been effectively

suzumarized, on an mternational basis, by

UNSCEARI® * The published records of

hearings before the Subcommiuttce on Re-

1. Development, and Radiation and be-

fore the Svecial Suscommittee on Radic-
1

n, both of the1 Jolnt(Committee on Atomic

OQ: radioactive fa.lout from

{ weapons ¢depend on the amount

cogrealc Jocation

osion, meteoro.wyical conditions,

factors.t: 9° >» tuo, Po, 120
Woy
INGd10-and other

rogiciily important nuchdes which account

iOr inOst of the external irradiation srom Baie

out include the

95 (halr-uie, 9 weeks

life, 3 weeks), and cesiu
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jhaif-Hie, 8 d

5,760 years}.**

medical signitcance are the hazards o: in-

ternally depostied radionuclides Irom iropo-

spheric and stratospheric fallout rather than

lor near-in salout.

Suontium- The principal source of

strontiuin-90 is dictary

Cirectly contaminated

t

those from local

G3.

, through ingestion of

mand

wough incorporation of strontium-S0 into

vegetation

ne food chain, both plan: and animal.o*7%

* In children, milk is considered an impor-

tant source of strontium-90, although con-

tamimaied poisble water may congioute ad-

aitional amounts of tie radionuclide.” The

distribution of the radionuclide in the bocy

rOnews the metabolic pains of calcium.

‘She high varnmover raic of minerais in the
sder 2 vearsuncer 2 yearsbunes Of Infants and children

of age is presumed to lead tto rapid ecuil-

braiion or the bone minerals and conse-

uently to unuorm devosition of strontium-

90 throughout the skeleton.3 A yearly

sucement of 39 to 70 per cent or more

© bone minera, ias been estimated during

wee Myst ond second years of Hie.*7** in the

5.3 per cent of bone caicium
i wedlacce annually" 4 Phe

bole ae
taut, 2.0 to

re bones of still-

Lorn fetuses and of newborn infants have a

lower stromdum, calcium ratio attributed to

ccacrimination by the placenta which favors

uv a factor of 2 ule passage of calcium over

irontium irom mother to fetus.°? 235 Mfeta-

o
e

ination between strontium and

calcium does not become established unth
q
the second year of lite,149 the “observed

cic Cdiscrim

ratios’ of strontium and caicium in bone to

those in the dict being about 0.8 at 2 to 3

months of age, less than O+ ar G to 10

monins, anc 0.25 (adult ratio) ater 2

tration of

 

bones OF suojects or dLterent a

Yorn City were: 6.81 in infant
9

 

O
o
O
nEffects of ionizing radiation 6

fon bout al arpetar cen A £ S90 jnwon Dut also iO greater Ceposiuion of or’? in
ot

Twiy growin, sones.
2 ron . ware 7
Deng & Cota emiler,a .

conirioure signincanuy to the gi
the effec: is localized anatomicauy where it
is respomsibic lor an esiimeaiec SO der cent

bone Ease." The* sorenial dan

stronilum-90 is assumed to be the devclop-

ment of osicogenic sarcoma and possibly leu-

kemia. Aithough the behavior of strontium-

90 has been examined on ecological and

raciophysics bas “F , iit, 117, Iie sae

  

 veonivedsa rather hehuiveshoia Cose of

weil above 20 racs and wrebauly nearer 1,000
:

raCy has been suyeesiea «cr come sarcoma-

wenesis from radium deposition.*¥

 

esium-137 is mot fixec in the

bocy and its distribution is comsicerec io be
: a :

uniiorm. The metabolic obchavior of cesium-
195 Lae et > a
Lo/ Fesezeues that of notassium. it ls rapidly

and is dis-

The

@ intestinal tract
}cributed uniformly in the sotr

 

:
biological half-iiie of cesium in chi.aren has

been reported in two siucies to be about

#4 and 38 days anc about itc days in

adu
|   
potassium being .ower in ch

adults, Observeed levels of cesiur

were two to four times higher

than the aver

ely depends on ingestionmain larg I

ls of food contaminated by Girect

Nluk and mieat are the greatest

ators to human dictary make.

variations in bocy burdens of this

 

ve not been notec, parucularly8

wile related to lean body mass or to po-

iassium. tee; TS) se, 224 129 Alone with the rela

tively short-lHved zirconium-95, mobium-95,   aiul-Hie,l3 cays’, cesium-137,

PATTI rays, contriputes an

fallour,?

i with a hair-hie 7

ard omy d

envirommental con-

turing the
~
frst few weeks folowing



G66 Sutow and Conard

o the bedy where the nuclide concentratesIn he

in the thyroid giand.°7 347)Alour 3 to 10

per cent of the [7% ingested by cows ices

milk consumpiion, the tnvroid giand of chil

Gren concentrates much more iodine than

that cf acults.

Fetal thyroids contain more iodine-12%

than inaternal thyroid glands on a per gram

weignt basis.) *2 The most critical age in

postnatal life In regard to dosage has been

estunated io be between 6 nmionths anc 2

years of age*) 3? Thyroic doses “Fon roll

out iodine-i3! in infanis calculated on the
+ + 7 : th,
Dasis oF Oe7 akier O. iresi animal walk con-

and 1965, respective

relauicnesio of sadiailun duse lo Uiyiuid car

Cinogtnesls Lave Deen made on clinical and

epldeno.ovical data from populations with

by doses in the
SU r to 5,000 ae

Cruce risk estimates for thyroid carcino

known exiernal irradiation

therapeutic vange {

genesis, based on iverage follow-up tiae of

10 vears und thought to be valid jor acute

 

irraqiation of clilcren only in the exposure

ranve oi 1u0 to 300 roentgens,**? have been

caiculated to be 0.3 to 1.6 cases per 10" ex-

poscd ponulation per year per roentgen.”

A risk estumaie of Ligh magnitude (35 ver
yiO" per rad) also has been Gerived*! Re-

ports concerning association of iodine-.5i

and ma‘ignant tumors of the thyroid are

scarce?" The risk of thyroid cancer from

internal exposure to radioiodine has been

estimated to be one-tenth that from exicrna!

xehradiation?? The substitution o. PaG10-

jouine-freu mulk (canned or shipped milk’

and Ue ieecing of stored iced vo catue nave
been recoramended when criticaly hi

a “ & ¥. O
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e
° D
.
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n

.. 3 oO h
e
© r

- Toe eo den, lsu My
ave Gelecica. 4 ic

om w
e G oO © oO " Bo bid inorganic thyroi.-piocx-

ing agents (such as locides. perchlorides, anc

srudied as a counter-

measure for sudden high radioiodine con-

taiminadon evenis.?

Caruon-i-.. Tac long-termrisk is primarily

ane Qo
,

GaOciouer

tnat from carbon-t+, the doses from which

are celivered at extremely iow rates over a
wis Lie argc wthtune. -AYDOrn-.t   

bon-l4 in the cifferent carbon
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of carrbon-1-t wctivitv ac about 7. per cent

has been predicted in 196+ or

sevel will then fall
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: toto + oot ar
1g wincal Natura, raquinucon Woula 2ave ic

be Goubled to give 2 Coase eGudi lo Luc dose

comminnens”? Caiculated in this wav, the

veriods equal approxumaicly 9 moniis ior

the vonuads, 32 monihs for cells Hning the

 

bone surfaces, and 20 months for the pone

miarrow.?!

Yae Likelihood
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mated ntianber of cases cousea bY nature

caciation ure O to $4,000 zor leukemia and

O to 14,000 for bone cancer.
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al

result of out ~adiation is O to 1/10C.000

wor leukemia and OG io 1/300,000 ior bone

Tne existence of potential hazards de-

mands consideraiion of countermeasures. In

reation to this question, the National Ad-

vpory Committee on Radiation (NACOR?

has acvised the avoidance of independent

coumicrmedsurce action. !* “Not inirecucntly

such ACuOR volves the use ol coulter-
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“obiecuve sought. To avoid these

and simular probleras, recommendations on

countermeasures Must be promuleated from
D

a simgle autnoriy, acting after full evalua-

tion Of the efrectiveness, safety, and feasibil-

v of the measures to be raken.77)44

RADIATION PROTECTION

STANDARDS

Among tne recommendations iormulaied

for protection from cxposure, particularly

ccupational, to ionizing radiation are those

from taree quaunec bodies: Internationa
ot Soot ts ~

OMMMission On awaqniciovical 2rotecion>

Protection NERT , anc the Federal Racia-

m
t r © rs C o & - el y
o . n
f

acn group includes

recognived authoritics in radiation and in
103, 1u9, dau-2. ° Aldhough varied

Interpretation Of the intent and imitations of

tae recommicncations can occur,1es iu, ts, 246

was Waar oe - aA rllary
mu“e The mazaras of CNPOsul iO Yaciation

serve as usetlia guines,

1923 by the Second International Congress

or Radioiogy.*#* Its la tions
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Short-lived nuchides 21

Cesiurm- lo?‘ a?

Strouiium-S0 Ly

Curbon-1l+ uu

Tota 257

Lone niarrocy

Shorteuivec auclides cn

Cesiucae 137 uy

Stromiuuin-90 OF

Cerbon-]+ 1b

Total 1083
 

over a long period of time or resulting from

hich, In the light oio 2a sinvle exposure,

present snowledve, carries a negugible prob-

‘abluty of severe somauc or geneiic im
Sta tf
Juries.
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addition to natural background plus the
i

lowest pesesieane ¢contribution Irom medical

posure. Th was suywestec that tag wani-

INUIT Dermissiole wenetic dose to ine whole
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as dso recommended vanes
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nuclides in air. ‘ood, and water.
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“it must be recognized that the humax
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nition of the rik invoiwec sclanced agains:

ine chjeciive assessmen: of the enxpecied

general

for exposure to controled radiatio

Even with the most conservative and

beneat should provice the

DCSSiMisiic) point of view, the consequences

of low-level radiation should be examined

wm corext with other peciatric problems.

Ncaa is exposed to a number of other muta-

gunic agents, some o: wich may o2 of

greater noienual imporiance.®* Preventable

: 1 number in the

 

2c Same seventy-

VEAP TerioGg iA Wick 12u0ut trom weatons

wae or ye Se petty ye car an: f wasnt
sls TO Gale Is Estuiaica (6G Cause (comuin-

yoe
accitional

 

acdivional

7 U 5 QO ot Q cor
) 5 o
m

a
s 2 oO o
u

“S
O oO “ CO ts ct n 2 oO “S
s G £ $
a c 4 a w
v ™ oO '

permis mo complacent avuituces or sineral-

MUON OL the Use Of tradiation bevondS

justinab.e inedica: requirements,

* eae
REP ERENCES

a Stewarrn AL Weou. J. and Hewhi De: A

survey OF CHAGAOOG Taignancies, Orin a.

Jol 1495, 1956.
2. Stewars, AL.

 

“a

o
w

a
n

   

    

er
i
e
s

e
t

a

o
n

a

 

€2

 

Nagas.xi data ana r i

New York Acac. Sc. ih Oe

ae alas ana dilagnosiic X-Teys,

h
o

 

a)

   

 

     

   

I

a C
e

  

   

  

t
e

G
q UTCtL,

 



S870 Sutow end Conard

W
w

b
o

1
s 1

> o
O

to ~i
t
o
w
o

o
o
t
o

New

pany
Cron ;

Shuhnan. N. R., F att, R. $8.

n

York, 1956, McGraw-Hill Book Com-

  

 

1
ite, E. P.. Bond, V. P.. Conard, R. A.,

, Cohn, S. H.,
ng, L. rE. Re-“DD

 

spose ot human|beingsvaceidentally exposed

 

 

iw sign
159:

Cronkite, E. P., Bond, V. P., and Dunham,
C. 1. editors: Sume effects of lonizing radic-
ton on human beings. A report on the

Muarshilicse and Americans accidentally ex-

posee to racinuen from fallout and a dis-
cussion of radiation injury in the human

being, U. 8. A. E. C., TID 3358, Washing-

ton, 1956, U. 8. Government Printing Odiice.
Glasstone, $., editor: The eifects of nuclear

wenpons. ed. 3, Washington, 1962, U. S.

Dept. of Defense—U. S. Atomic Energy

  

Commission, U. S$. Government Printing

Cipellaro, AL Ci: Xesays
he treatment of

 

Muachkee, G., and

Land radiation in Giscases oF

the skin, ed. +, Pailadeiphia, 1927, Lea &

 

Diger.

Conard, R.A. Croakite, E. P., and Bond,

WP. Fasiour radiation: Egvects on the sain.

in Behrens, C. F., and King. E. editors:

Atomic medicine, ed. +, Balthnore, 1964,

The Williams & Wilkins Company, chap.

12, p. 281.
Hevssel, R., Beil, A. B., Woodbury. L. A,

Nishimura, E. vT Chose, T., Hoshino, T.,

and Yamasaki, M.: Leukemia in Hiroshima

atomic bomb survivors, Blood 15: 313, 1960

Cronkite, 3. P., Moloney, W., and Bond, V.
P.: Radiation

 

 

   

 

igukemogenesis. an analsVoi

GO! the problem. Arm. J. Med. 28: 673. i960.
Moloney, W. C., and Kastenbaum, M. A.:

Leuxcmogenic eects of ionizing radiat
or atormic Domb survivors in Hiroshima City,

Science 122: 300, 1953.
Court-Beown, W. Xi: Nuclear and allied

r.diations and the incidence of ieukaemia in

man, Brit, M. Bul. lt: 168, 1953.

Court-Browa, W. M., and Doll, R.: Leu-

Kemia and aplastic anemia In patients treated

  

with x-rays for ankylosing sponcylitis, in
The hazards to man of nuclear and allied

ragiations, Medical Researcn Council kape-

London. 1957,
jonerv O%ce yp. 87.

Heckel, P., and ifempeimann,
CXPGsecd 10

tion, New Engiand J.

cial report). ser, no. 293,

racer Majesty's Stat

en In chudren

Mec.

2
5aPoluerr

mecd:cul
Wo, and Noch, R.:

and radiuuion, Pediatrics
1939.
Ganz, FP. W., and Atkinson, HL Re: Medical

and fesuenn:ni: AU retrospecuve

survey, Brit, Ai. J. 1: 389, 190-,
Manning, MAD+ and Carrol Be

 

 
radiacions

 

Su

a in cnil-

19: 1087 1957,
net rl
ana Orla,

 

Once ee

Gittelsonn, A. M. ?

  
   

    

a w
o
O
DOciover

 

in persons wh

childhoad,

cuncrum 20:

 

patasia

Cc irradiation

termat. Coulra

 

an

1iSd, 1904.
Latourette, EL. B., and Hedges.
cidence of neoplasia after
thymic region, Am. J. Roen

955.
Conti, EL A., Paton, G. D.,

and Hempelmann, L. H.:

FL Ju: Ia-
irTudiation 3

tgenol, £2: 667

Conu, J. E.,
Present healin of

 

children given x-ray treatment to the anterior

mediastinum in infancy, Radiology 74: 386,
1960.

Hempelmar

of leukemia

HL: Epicemiological studics  persons exposed to lonizing
radiation, Cancer Res. 20: 18, 1960.

  

Lewis, E. B.: Leukemil, muluple myeloma

end aplasuc anemia in Awerican radiolo-

wists, Science l42: inf 1963

Murch. H. C.: Leu ia in radiologists,

ten years duter, with « review of the perti-

radiation leuxem!
7961,

  

yo on boon ;
Lewis, EDeY heckonia und jionizing radic-

tion, Science 125: 965, 1957.

Rumoall, A. W.: Evaluation of data relating

human leukemia and ionizing radiation, J.
Nat. Cancer Inst. 2h: 385, 1938.

Couri-Brown, W. M.:  Radiadon-induced

leukemia in wih particulur reference

io ine dose-response relauonsaip, J. Chron.
Dis. 8: 115, 1938.

 

ail,

brucs, AL Mor Crikigue of th
Of Carcinogenesis. Scierace 12

Archer, V. E., anc Simpson

quantitative relationship of

neoplasia In man, Health P

me t
O

a
o

O
s
s

Burch. P. R. j.: Leuhkemoge

eann. New York Acad. Se. lis:

Lindsuy, S.. and Chained, I. L

Gi irradiation on the thyroid:

particusar reference to. the

 

thyroid neoplasm: A review,

a 1099, 1964
: G. E, inassy, S..eraiene
R.. ana Galante ds: id nodu.es

occurring Jate after weatment of“ thyrotoxico-

sis With radioiodine, J. Clin, Encocrinol. 22:
&, 1962.
Winship, T

 

   

and Rosvol, &. Vi: A study ofa

thyroid cancer in Surg

192: 747, 1961.
a r

Seco.cw, E. iL. TQonizumie Neriishi, S.: ,
omatin

2

mon

 

after

 

Inary of the fRadings in Uiroshima and

Nagasaki, New England J. Med. 20&: 466,

1903.
feullingsworth, D. R., Hamilon, EH. £E.,

magaxi, H., and Beebe, G. W.: Thyroid
Clcase: A study In Hiroshima, Jupan, Medi
a 49. 25 4669
Cine taiae, 2.300,

»



Vols

 

O
r

co
)

o
r a

D a
o
S

vee,

co
)

b
e

ie OF

  

Nuarber ~

 

in shen anc Nagssaai,

: York Acac. sc. Da: f23. 290%

Harada, Ti, anc dshica,
Asoo. survivors

 

  MINUS

BRLIST

Tums

 

255, 1460,

 

G. W.:

A-bomb sues

and Deebe,jevlan, S..

Stuauics of

vivors., 2.

1950-59

Tatnica. Ni.

   

   

 

N cw5813),   eessiun,

   

 

150s.

    

  

   
  

lee TUCKNICal anois

Leo whe Oaumoio,

srowih Luc Geveopment

aLNed Uie GiGae bom

or Nagdocki, J. 2 ADL.

 

  of tiosiimiag chicren exposed to tie aic.uc

Loin. Three veor study (2951-1055),

Atomic Bomb Cusuatty Commission, Tech-
meal Report G19

Nehomias, J. © ansilysis and
yrs
ABOine TBNMD 74

seat Ol YFOW
 
iyos tite Cat

Gren. Fiewdth 1562.

dutuw, WL OW.,

™. M.: Growth status of

to Madlour

    
ehiaren

Marsha.

ENpuss

eadiaiion on Tsinncs.

TO Uc Duusioed.

Plunger. Gir Anome

GPenN CADOseG Mi alera

  
  
  

  
  

    

Vola Wines

at Nagasial,

6. 193+.
Hpael OF wondving Yuciwious

 

lo ne atone

 

UNDOSER

mae J. ots. Chad.
  1 ya

awk... GN.

~ 7 ‘ + “
G anh setba, oAun. J i vEeNnis¢chos,

a.

On Ale
BO.wD 2G.

 

usstas L. oo The eects of radiaion on

: Gevetopimcni, uf tive

Rauinuon Uiclogy, Niue

New York. luds.

yo Tne von teop.

Dew tated
ve

tea daedy

 

AL eur:

 

2 . om at
Rosearen Couten,   

faWeiin. Gouna Cui

 

Lehat tur (LUUk

Nat Cancer Inst. Lo:  
£ fGutiun ana the ass

 

Torocess. 4 review, J. Gerontol, il: Soo,

eaGeruy ou. Sciences, Navona!

 

Luag-iernl ci2

rom ¢ Xie

Washington. 1961,

Counei

enacePuditile sources,

 

ne

aun,

“O
t

-.
s
t

t
e

O
D

~
T

~
I

q
n

s
t
s
t

a

oe
Gee

wee

Lgecis of ionizing radiation 671

Waoersen, Sos How ta work

Mad New Yorn J. Mec.

A. and Seriweh, P  
GF Qcupuuona!l exposure to

 

&ray of physicians,
Ob, 1904,

won, N. EB., Fucube. A, Court-Brown,

WOM, anc Dou, R.: A stucy of the chro-

 

THOSGing GOINGe  Derelsuing Ges XePSy
inerapy foe ansylosing spondyliis, Lancer

2: », 162,
Bender, ML A., anc Gooch, P. C.: Persistent

averrations in irradiated hu-

man subjects. TT. Three and one-half vear

: igatl lation Res. 10; 585, 1963.

Chronoseme aberrations }

subjects, Ann. New Yori

249, 1964.

van Casuuennout, J. L.,

Wor Elects of jonising ir-

J

 

  GLerapede ASeN ia wel

& Gynce.
enePole ein ale   aot sO MN gewOsGiius, ANL G. Good.

Thie, J. Ph: in vivo eo

   DadOM ka

 

New Eni.wnua gy. Med. 27

   ny - s
Conen, P. 2. ben. *. G
ray
CaanFON ONOLnal

  
Vi. editor: Changing nessmeciive

ndicieon, sorts
mo oe tore : ~Oors :
aa wade, SI, LeeLk

 

on the genetic oifeci of

Bob-   
wry
aandaur.

 Ailes. R.OW.: Aodiotioa.

 

Caerle

 

   

Ge OND’

tion in Liivoslin

 

Nahew ler

pani Nuits Acgudeiay ul

 

HONS) avcseareh Coun,

Weauhaton. 1928.

WoT cs
PANTONE SE Abd tae

pare tata. vO

Senmus “Mteinie OTe  
Drspeeve steav of tiePete

  
  war aye if Be ay eee ape :Newvuinoe, fae add Crerbetie Cielo aa Lye ade

welluis. Wait speci.) forerines tO atauios ie

r mul Rowdon

 

PUau.is,

c
ManeTos. bur Sul,

Niwleoniesdosti Wo fi Percditacs: toed,

Zar Su, Thos.
Oo oo .

wenera. ROA an IMoain., .

 

stiaaaey uf taccieha: Taainas Ga Masonite

CNDuatG ty tanObt Tau... 4 be Dude

Losned.

Ge Benhefewac, Par Geneue hazueds of rales

viet, (Oman, Part ol, Act radiul 30: 6

  

4
Vol,



 

 

wens
372 Sutow and Conard

86. de Bellefeulie, |

won tO Man. Part 2, s.cta radio. Sd:

 

  

Acin

Costes

16, p.

rch.

ance ustin

   
  

 

chap. Voin re

 

rradiatioa,

p. 20.
Revi An evalustion of u

_Bavards 6: the medical

J. Roentycnol od: 090,

vs . Bistz, EL, Pasternack,

Etsenbuc. M.: Radiation dose trom
diaynostic mecical x-ray procedurcs

sopulatiun or New Yors City, Am. j.
34: 1551, 1964.

Tac implications or

  

to the
Dee
rue,

  

     

  

 

G2

$3.

the repos

racivlowicul hazards 1
4om . :

Committee ,, c ue

36: 230. 1963

Sewer, 2.

oh At
aXuauiGd.

anG Saen

 

Nereiaxes. ue &y

  

BE. iL. Radizuon exposare from rudisisGiuvs

im pediatric wand j. Mica. 2 Sa,
Gee

  Bees, A. MM, Low level

American Association for the A i

o> Science pol. no. 39, Washing:on, 1959.

Upton, A. oe ‘The dose-response
sinduced cancer, Cancer Kes.

  

      

  
   

Webb, J., Giles, D., anc Flowhtt,
unt disease in childhcod and
rauiauoa in utero, Lancet 2:

ry
JM, Dol R., and NL,

Vos e@xX-

G, Srit

ae: eu

ier easenaic, @NDGsur

ven Charlotte's

 

stospitus,

   
  

  
ara eel Dy

 

  
ws

  
Pub. Flealthws

103. Federal Recinion Counci?
Woateh |
Pala impucatio

e
e

W
O

Go.

c
u

ae
)

 

wud.
Dunnam,

  

  
  

  
   

  

  

  

  

  ottTomia

Fucis Gi radia
rat
deny

  

on man, Washington,

miment Printing Ofkce.
t Conunitive on <AAtomic

peseny

Nui.  
- woot

Reaia. a

s Company. 5.

 

Mebean, P.O. and Jud

Ioioves, and bone, New York, i264,
Geinlc

ryan! J. 2: The enw

 

of into humiun bone.  

\,aaah.
 

agsue

 
Binetics of Cait

104, 1965.

 

any on
ANUS. at



lS.

b
a
u
s

t
a

  

  over in man neasurce

counter, : i
Hanitor

 

 

: I
SYIMpOsSinM or the oOlolog

  

 

Factors

i0G 1OTODES

Influen

  A

suun-~a review, Fiealin Physics 9:

Torooks,
™ . 4Dution, A.
Neopiasm. x
doy thymic eniargen.ent. Ti. Tumor inci-
dence us 2 function of raciation factors, j.
Nat. neer Inst. 31: 1537 oS.Nat. Cancer Insz. 31: 1337, 1%
Tovooka, ii and Hempcl-

Lees
hidren

   

SUDsequent Geveepment maiignwat tue

Physics in Med. & Biol G: 303,

TLGIntvN GOsts       

       

  

 

 

: The re-
rip burween :

TyeGICS

 

TO tae

aut, eae eeLLG oiieh Ci
an oe .
Aaah o£

 

HiGegan., RN, etiu
sini I¢leiets OF ruciviwdine, siealih

OA
wt Mee

 

CULC IMmeusuTes

—MuNnotOENn, A review,

1$s5.

eng qiolliecer,

 

Science

National Acvisory Commuitiee on Aaciadion:

Radioactive contamination of the

   
  
  

c
h

~s
J

<vHcets of ionizing radiation

   

  

awards, Nucizonics 21:
  

      

   

     
   

  

   

  

 
Recommendation

1 Commission on Raciolog

s amencec 1959 and vevised

biono. 6. New York,
oss, Tae Moacniilan Comp.

2 Cysunissien on Readislos!

20? Committee f

  

  

  

 

P
A
a
e

OESes ReDGTe OF
 

Gose

 

sient

    

  

     
   

  

Radiation pro-

i agencies, in

 

 

Raciau
  fueace for Jecersal AaCNCits, a. Lol.

Diente. Ment Ol
“aDehout Medics

Crona.ta 2.

icin Of


