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REVIEW of recent literaiure was
undertaken to obtain a perspective of radia-
tion cilects on human beings, particularly the

Tir:s

efiects on children. Although numerous re-
ports indicate the occurrence of specific del-
eterious effects alter high doses of radiation,
documentation of damage in man following
cnronic exposure o low doses and low dose
rates Is meager.

The question
relation to oy
pediatric  considerations. The publications
suggestng that fetal irradiation at diagnostic
rocntgzenographic dose levels may be asso-
ciated subsequently with increased leukemo-
genesis and carcinogenesis™ * ® have empha-
sized the need o obtain more data on human
beings. The occurrence of thyroid cancer
arfter irradiaton of the thymus during in-
fancy®* » ® 7 and the age pattern of leukemia
in the Japanese A-bomb data® ° have sug-

of differential sensitvity in

¢ 1s particularly relevant tw
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gested that voung children might be more
suscepiibie than adults to the carcinogenic

action of radiation. Other data, however,

suow iat leukemogencsis also 1uay be 28so-

ciared with diagnostic radiation in the adult®®
ang 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-
wreated males with spondvlitis in England in-
creased with increasing age. Lack of knowl-
edge regarcing the basic mechanisms in
radiation carcinogenesis {and sponianeous
cancer), In addition to the difficuities in-
herent in the interpretation of epidemiologic
data, warns against uncritical acceptance of
conclusions seemingly shown.-!
Considerable data have accumulated de-
scribing the effects of radiadon on adult
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
generally found to be true in studies on ani-
mals and from limited experience with ir-
radiated human beings. In this paper, the

wnis s

somatic and genetic effects of radiation in
the human being will be reviewed with spe-
clal 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

Somautic effects that result from substanual
doses of radiation have been well docu-
mented and the causal relationship of ecarly
efTeets 1o the fact of exposufe has been fairly
clearly established. The present knowiedge
regarding the late effects on humans whaich
occur months and vears after the exposure Is
based on meager data from acute exposures,
from ecpidemiologic investigations, and from
occupational and medical exposures.t® ¢
These late cffects are nonspecific and cannot
be differentiated from naturally occurring
discase; only the incidence of the disease is
increased.” The general pattern of somatic
effects following irradiation varies with sev-
eral factors which include the quality of
absorbed dose,
homogeneity of exposure

tion)

Acute eflects. The median acute Jethal
dose {LD;,j in man rfor short-term total
body radiation 1s not precisely known but is
estimated to be somewhere between 300 and
500 rads.*™ *® Doses over 2,000 rads are fatal
within a few hours, producing rapid clinical

radiation, and rate and

{spatial distribu-

deterioration in wiich neurological syimp-
Jetween 300 and 2,000
rads, clfects are characterized by severe
gastrointestinal  disturbances; death occurs
within a week. Aiter an exposure to 100 to
500 rads, less serious gastrointestinal symp-
toms predominate in the carly clinical pat-
tern. Following subsidence of the gastro-

toms arc striking.

intestinal symproms, the cifects of injury to
the hematopoictic dssuc (infections, anemia,
bleeding) may become evident in about 3
weeks.'" Clinical syvndromes of acute radia-
tion injury have been descrived in derail
in a number of pubiications. ¥ #*

The relauve sensitvity of children com-
pared with adults to high doses of radiation
is not preciscly known. “In assessing sus-
cepubilities 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 suscepuble
than adults.”*® Marshallese children irradi-

LEffects of tonizing radiaiion €39

ated with 175 rads of whole bodv gamma
rays snowed a slightly greater degree of
nausea and vominng and greater deprcssion
of leukocytes than did the adults.®™ ** How-
ever, the dose may have been grea er in
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
to fallout also developed more widespread
“beta burns” of the skin and epilation than
did the adulis. This greater sensitivity may
be reiated to the thinner skin of the chil-
dren.**

Late effects. In considering the possible
late erfects of radiation, i; shouid be borne
in mind that children have a greater chance
of developing some of the late effects since
thelr longer life span would permnit effects
with prolonged jutent peciods w0 become

anifest.

Leutemia. The occurrence of leukemia as
tae result of exposure to ionizing radiation
has been established in studies of atomic
bomb survivors in Japan®;% 2% 2% and of
terapeutically irradiated ankvlosing spon-
cviiis patients in  Eagland.?® ¥ In the
Atomic DBomb Casualty Commission (AB
CCj study, calculations based on 82 cases of
confirmed leukemia of ail tvpes occurring
from 1947 through 19538 among the proxi-
mally exposed (within 1,500 meters of the
nypocenter) survivors demonsirated that ihe
highest calculated annual rate of 673 per
miilion was in the age group 0 through 9
vears; the caleulated over-all incidence was
433 per mullion 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 hypocenier) survi-
vors, calculated on the basis of 67 confirmed
cascs, were 26 per million in the 0 througn
9 vear age group and 35 per uillion for all
ages combined.> ¥ The expected incidence of
leukemia of all tvpes for all ages In Japan
was 20 to 30 per million per year® When
acute lvmphocytic leukemia was considered
oles In tie
0 through 9 age group were 269 per million

separately, the calculated annual r
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in the proximally exposed and 6 per million
in the distally exposed caiidren.® ® Straight-
line rcAauo“mms between irraciation doses
and icukemia incidence in the Japanese daa
were noted over the dose range from 100
to 900 rads. -

The British data were obtained from fol-
low-up studies on about 13,000 patients, pre-
dominantly males of 14 years and older,
wiio were given radiotherapy for ankylosing
spondyiitisth 3 3. 73 cases of leukemia have
occurred am
ol cuses of leukemia expected in this study

ng these patients. The number
population in the absence of irradiation has
been estimated to be four or five.?* These pa-
tients received therapeutic doses of radiation;
thererore, “this study does not provide evi-
dence on leukaemia incidence after doses be-
low 300 rad.”*® Other epidemiologic investi-
gatons have indicated that children with
leukemia have had greater exposure to radio-
zhcmpy than’ have comparison groups™ ™
and that children subjected to therzpeutic
wrradiation, particularly tw the th}..‘ c area,
have o higher incidence of leukemia than
expected.” > ™% In some reporied series,
Lowever, children who received theraneutic
irradiation, including irradiation of the thy-
mus, did not sirow a significant incidence of
leukemia o 3? Again, the Listory of therapeu-
tic radiation is not always a significant find-
ing in leukemic children. 3" The total vol-

ume of ussue irradiated (bone marrow) has

been suggested as a factor of importance.®®
Although increased irequency of deaths from
leukemia among American radioiogists has
been reported,*’ ** the data do not con-
iribute toward quantitative aspecis of the
problem.®s: 40

Several attempts have been made to deter-
mine the probatility of leukemogenesis on
the basls of radiation dose.®® % 3-8 The
conciusions do rot deflinitively answer the
question of the existence or nonexistence of a
threshold radiation dose for the development
ol lecukemia in man.® A cause and effect
relationship, however, betweea high-dose
racdiation exposure In man and increased
incidence oI leukemiz

Cancer. The correlation between ionizing

must be accepred.*®
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radiation and the occurrence of 'n...xgn;m
neoplasiz other than leukemia has been the
object of intensive scientific inquiry since the
publication of reports of increased carcino-
nesis in children who were irradiated in in-
i:mcy for thymic enlargement.* * Cancer of
the thyroid gland apnears to be the most
frequent malignant tumor noted in these
studies.** * Eleven cases of thyroid cance
developed in a group of 1,644 children given
x-ray therapy to the head, neck, or chest. In
the same population, 0.12 case would have
been expected. Irraciation dosage In the 1I
ed from 100 to A,//O r in air.®

children rar g
In anotdier prospectve swucy of 2,809 in-
fanis who n:zd b een therapeutically irraciated
for thymic enla 2T, 9 cases of thvroid
case expected, in

e

les
2 ‘oL 00
ancer were found \u.xb
of thyroid adenoma {09

addition to 21 cases

case expected,. The 9 with :E:yroid cancer

had cumulative exposures ran

o)

10 1,092 r in air with & mean of 398 r. A“
though the developiient of “thyroid nodules”
has been ascribed o prior therapy with
iodine-131,*% %% only one case of
carciroma has been reported amociy
so treated.*® *¢ Varicus data suggest

thyroid
pa:;c"ts
that the
formation of the nodules was more {requent
. a

in children than in adults {33.3 per ce

\

[al

SR

compared 1o 0.8% per cent).* Clinical ob-

ated that the history or
antecedent therapeusic irradization to the neck

N

servations have indic

area was swnmgunuv Very common /\U) o

»J

80 per cent) in children and adolescents wit

thyroid cancer.” ** In the ADCO survev in
Japan, 21 Insmances of thyroid cancer were
three-year period {1958-1961)
9,000 persons in the
® Nineteen of the 21 occurred

found over a
among more than
study sample.
in the exposed group. Two were under 13
years of age at time of

were under 21 years of zge at exposure. Ten-

exposure; 3, however,
wiive exposure doses (Tsq), compuied on the
basis of exposure dmame and shielding his-
tory of these cancer cases, ranged irom 123
1o 3,400 rads with the excedton of a singic

patient whose T;: dose was caleulaed o

have been 33 rads.”® It was concluded from
these findings that thyroid carcinoma was
significantly more prevalent among survivors
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eavily exnosed to radiation {rom the atom
ombs, o #E

In another study of Japanese 2
higher incidence of cancer of ail
leukemia and lymphoma,

1,500 M. was

the increased frequency was not

Cf ;.;‘

womic pomb
survivors, a
types (excluding
among thosc exposed within
reported™;
related to age or sex. This fnding, how-
ever, has not been subsiantiated.” *¢

The development of bone twumors following
with doscs in excess of 3,000 r is
e in fregucncy

irradiation
well documented
of osteochondromas over the expecicd num-

5" An Increas

ber of cases has also been osserved” in
children twreated with several hundred r for
thymic enlargement. Bone wmors have ziso

been observed In watch dial painters from

Inwernal deposiuon of
neop.asms Irom S deposition have
been experimentally produced in animals and

bly could occur in man.®” Malignant

radium. Radlogenic

.DIng mia
wmors of the lung and the skin
ted to radiation exposure.

g has been associated witiz

and

are also
xnown 0 Le rela
Cancer of the lung
nigh awmospheric content of radium
particularly of radon. The risk of radium-
induced cancer of the skin is generally con-
sidered to be less than that of many other
pes of wmanors.”t

Growth and development. Several analvses
oi the growth data on Hiroshima and Naga-
saki children subjecied to atornic bomb ir-

radiation have suggested a retardation of
growth among the exposed group.’® 90

[his del
rent among boys
those exposed at
pretation of the results is complicated since

eterious elfect seemed miore promi-
than girls and among
vounger ages.’® % Inter-
the chiidren suffered psychic and physicai
wauma as weil as nuwritional disturbances
and diseases. A similar trend in retardation
ol growth and development has been noted
Marshall Island natve
children who were exposed o whole body
Irradiation of €9 to 173 r from radioactive
fallout.®* Highly suggestive differences were
noted, particularly between male children
exposed at 12 to 18 months of age and the

in a swdy of 38

unexposed comparison group.

fL

Clinical expericnce has long emphasiz

Lffects of tonizing radiation 661

the cccurrence of developmental abnormal-
ites among children receivin e irradiation in

utero.’” O the oilspring of 11

women who were exposed during
mimester of pregnancy to the atomic bomb
in Hiroshima at distances less than 1,200 M.
seven had microcephaly

preg nant
the first

»»,

rom the hy po*cnte
and mental retardaton.®® In Nagasaki, the
over-ail morb dity and mortality were high
among babies born 10 30 mothers who were
exposed during pregnancy and who mani-

fested major radiaton symptoms as com-
pared o those among babies born two 68

mothers exposed within 2,000 M. but with-

out histories of major symptoms and to In-
moihers. Four of

fants born 10 113 “conirol”

tie 16 surviving chiidren of mousers with

major symptoms were menially defecuve.
many wypes o

nave been procucec in the animal

oi malformations
fetus by

Experimentally,

irradiatuon.tr 64, 63

Lije sliortening. Shorwening of e life spun
and premature senescence have ocen esiab-
lished 1n mammals receiving acute or chronic
irradiation.'™ 9% % 93 Ty has not been con-
clusively demonstrated
shoriening effect occurs in
exposed to radiation,’™ although
tics from rewospective surveys have been

that a2 similar lile
beings

morainy

human

stad
interpreted to show cdecreased Jongevity of
American radiologists in comparison with
other physicians and withh the general male
population.’™ * ™ The Aromic Bomb Cus-
Commission—Natonal Insiitute of
{Japan)
Bomb Survivors has under
sample of approximately 100,000
Analyses of these data may provide some Erm
life span

Study ot Life Span of A-
surveiliance a
ersons.”

answers in reference to the relatve
of those exposed to radiation during chilc-

hood and infancy, alu.ough results thus far

have nor revealed any positive correlation.
Chromosome changes. Persistent chromo-
somal aberrations have been noted in we

leukocytes of reccived

wihole or partal body Irradiaton.”™® Ding-

human beings who

nostic radiation ranges in icevels of 12 w0 33 1,
and even in levels as Iew as 1 to 12 r, have
postradiation aberra-

clinical significance, however, of

been associated with

tions.”™ The

-
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these chromosomal aberrations has not been
established; in the absence of sufcient in-
formation, the rel: ]
ogic cha
other abnommnaiities which :niﬂ'h: occur laier

5
nges 1o potenta

——

remains highly speculatie.™

Other somatic effects. Opacities ol Ui
acure exposure of the
200 rads of mixed
gamma and neutron radiation,’® ™ althouzh

optic lens occur after

lens to doses greater than
the minimum cffective x-ray dose for e
“iﬁc nt c.“mac:

1,000 = :

are consicered

production of clinically sign
has been estimared to be 660 o
In chronic exposures, neuwo

to be more caiaraciogenic than x- or gamma

rays.’ The sensiuviy ol ienses 10 radiation

.
scCms 10 be gm

aiest in infants under 1 oyear
of age.’ Prolonged temporary or permanent
sterility has been reporied foilowing singlc

jocal gonadul doses of 500 rads or higher.

HIRLDDSITARY EFFECTS—

In the swudies of atomic bomb survivors
at Hiroshima and Nagasaki by the ABCC,
it was concluded that the data could
"no significant and consisient

examined” and rfatled

™
o
v
I~

I

inc:case in sullbirths or inlant

ciaton.” The Japanese :tud\. howu or, hus
indicited a change in sex ratio among ofl-

spring of brracialed pareats. Such a shiit
wouid be consisient with the eccurrence of
sex-linked mutadons affecting prenaal sur-

vival.™™ Schuil™ has examined the geaet

‘u
o

interpretation of the da:a: eranhasizing the
reallty of the cffect but indicaung that 2
number of geneuc alt‘x'x:azi\'cs may account
for the change. A shight increase, however, in

the number of miscarriages, sullbirtiss, and

neonatal deaths has been reported in the
Marshallese women exposed o fallout racia-
uon.>!

Based on the assumption that children of
consunguineous marriages, owing to their
increased homozygosity, are “a more sensitive

index of radiation induced genetic damage,”

the ABCC investigated 4,781 births to re-
:ated parents with \':‘.:"ing legrees of radia-
uon exposurc™ and reported: "No demon-
strabie, consistent effect of parcnial exposure
on the frequency of malformed infants or
perinatal deathis was Jound.”

The inassive data 1*:'0“1 Lhc :\BCC survey
awed par-

a‘wcc inc_ 3 cndcn.]y,

ents™ have been rean

and, on the basis of this scparat “..alvsxs a
nificant total genecuc cffect hias been re-

ported.> * However, the methodology and
interpretations of the reanal have been
sericusty quesiioned by Neel Schulls”

Experimental swudics In organisms otier
thun man have shown that the Deequency of

mutations was dose desenden:, cven at e

lowest do\c» mvestgaied, and s the -
Joriu ol Induced LCXC\..‘AL;L}'}' cuanges ad

g wCurs reasonably
certain hat similar efecus occur in the hu-

man eing.'® Thus, known exnosure to high
doses ol lonizing radiadon requires the dis-
quicting acceprance ol genctic hazards, the

true magniwde ol 11C may be assessed

only wita the pers ume stretching

over generauons.

SCMATIC AND GANETIC ITFECTS

OF LOW-LIVEL RADIATION

The wrm “low-level” x';;"ia:ion, regarc-
less of gomw, requires definicion. The Uniwed
Natens Scientllc Commiiwce on the Efccs

ol ;\mnnc Radiation (IL\Sp ARY haos
avrced thatr doses of less than 30 rad ;hort—
erm exposure and 100 w0 1,000 mrad cumu-
lauve \\Lu\.v cdoses siould be considered as
i

roframes of reference will

A\\O OL“
be usclul in this discmsiop one bcmn‘ the
amount of radiation from natural sources io
which man is constatly exposed and the
other being the levels accopted by severai
advisory and regulatory boa.u; as proiection
standards for the general popuiation.

= * 1
According to UNSCEAR calculauons of

1
i

QOose rates Sroin nawaral radiction sour ces

\s, $0

cosmic rayvs and terrestial sources cu c't de-
liver about 30 nwem »

bones, and blood-forming cells. The inges-

er yun w0 the ganads,
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tion of ecierienis of the racdium and thorium
series, of potassium-40 and of c**‘bon-}%; Pro-
vides radiation exposure {rom internai sources
in dose rates esiimazed to be 12 6 mer
vear to the gonads, 130 mrein

el

e 1 per year to Lhe
cells Lining bone surfaces, and 1

22 mrem per
year to the hematonoietic tissues.

Medical diagnostic radiology constitutes
another source of incevitabie low-level irradia-
tion, the magniwde of which has been e
subject of recent inquiry.?® %% ** The annual
genetically significant dose received by an
individual in the United States from diag-
nostic roenigenologic procedures has been
estimated to be 30 = 25 mrem minimum and
140 = 100 mrem probabie.’® Alinough osu-
mates of bone marrow dosc are based on
sparse data and assumptions, the UNSCLAK
In wwo reports has suggested thar the esu-
mate of the populanion per capita dose
“might be of the order of 30 w0 100 mrem./
v."1% The radiation exposure {rom radio-
1s0topes in pediatric patienis for a number of
diagnostic tests has also been calculated.®

Adequate information on effects of low
doses in both man and experimental animals
is iacking. In 1939, Brues”™ commented thart
the subject of effccts of low-level irradiation
concerned “hazards which, if they exist, can-
not possiiv be demonstrated to exist because
ti

v are relauvely so smalll” Uprton,™ in re-
viewing raciztion carcinogenesis, stated that
Toxisting data .. o.oare not acdequale 10 per-
il confident estination of the risks of small

13}

lnereases in packground radiation.
bo..l..t.u eflects. The report by Stewart

1691

I‘w

assccizies™ that diagnostic IJCI\'IC irra-
CAuLIOn OL e pregn&nt mother was assocmtcc.

vith subsequent development of leukem:

and other malignant neoplasms (n the Cul‘d
who was exposed in uiero trigaered a num-
ber of sinilar cpidemiologic studies. In sub-
sequent cominunications, the orzqma’ con-
clusions were confirmed and amplifed.t

The study awempred w wace all children
in England and Wales who had died of
leukemia {792 cases) or other cancer (902
ases) before the tenth Dbirthday during
1933-1935. It was concluded that the risk of
subscquent malignant caanges in the chiid

oo
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. .
increased by pe

- v rweres
1e mother during

,4
v3
=1
]
|31
s
&
o
e
e
5
4
]

0 3
=
&
3]

€
b=
se.! These findings were sup-
ported by dara from several otl i
el

MacMeohon® has reported the results
a studv of 73-‘:,”’40 children born in and dis-
charged alive I
nitals in the northeastern part-of Jic United
States from 1947 through 19534. For each of
three categories, leukemiz
ccnzml nervous svstem, and other ncoplasms,

from 37 large maternity hos-

2, neoplasms of the

ne cancer rate was found two be “about 4—\/
percent higher in the N-raved than in the
unX-raved members of ihe swdy popula-
tion. The excess cancer mortaily in the
N-raved group was most wiorked at ages S
througiy 7 vears, at whicn tme the relative
risik was 200 The excess risk apparently was
expausied by age 8.7 \:JC\i.‘.hO:l has esti-
mated that the probabliiy of death from:
leukemia for white children in the United
States up to the age of 10 years will be
increased from 46 per 100,000 chiidren o
€2 per 100,000 children by prenatal ivendia-
uon.**

In a prospeciive approach”™ <
women who between 1953 and 195

ceived pelvic uradiation urii. ;)rugn:.nc
N

A

were Identified from the recoras of select

hospitals {Edinburgh and London® and ti ¢
subsequent deaths Irom leukemia of the chil
dren of these pregnancics were then investi-
cated. Court-Brown, Doll, and Hili" 1 i
study, found 9 Instances of leukemia among

b
35,166 liveborn children when 10.5 was the

estimated expected number. The study alse
indi ’ there was 1o evidence of any
sproportionate  occurrence of leukaemia
among the children who had been inost
heavily irradiated nor among tne children
wilo had been irradiated carly in intrautenne
dle.” Dawma not in accord with those of
Stewart and of MacMalon have aso been
reported from several otier studies ™ ™
Although the exposure dose cannot be
precisely detenmined in these stadies,” the
reporied association berween prenatal pelvie
irradiation atr diagnostic dose levels and in-

\

creased leukemogenesis (and carcinogenesis)



664 Sutow and Conard
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clearly indicates the need ior further data on
c

T
human beings.?® “If leukemia does result
from pelvimery, it may indicate that the
{fetus Is extremecly sensitive or that in reality
there is no tareshold.”*® However, no difler-
ences in tie incidence of leukemia have been
found among a number of metropolitan areas
of the United S:ates \m.h c‘lﬁ"' ni cosmic
radiation backgrounds.’®® The guestion re-
garding the possibility that the irradiated
sample may not be representative of the
whole childhood population needs 1o be more
preciscly answered.®”
Chromosomal aberrations in  peripheral
leukocytes have been reported following di-
agrostic x-irradiaton doses of + w0 12 r.™?
That similar changes may occur at lower
doses 1s suggested by a report of the develop-
ment of chromosonie abnormalities aft
mr (C.8 rad} towal body exposure.”™® Nonc
r20t0 80 m

Curreat av ';ilaole dat

mr radiation.”®
2 on human subjects

~

do not permit any cefinitive

were noied alte

assessment of
the development of otaer somatic efiects
from exposure to low-level irradiation. In

~

reference 1o life shortening, exwurzpolation
from animal to human has been attempred
bur the clinical observations arc inconciusive.

»ov= Clinieally signiicant cataract ior-

.
@

mation nrobably has not occurred below 680
rads, aithough it is generally believed that
the m"'li“u} eiiective dose is lower in chil-
dren.’” Stucies of growth and development
in children have not been reported other
than wose carried out on populations ex-
poscd o wnoic-uouy coses of &9 r or more.

FREIVHY

LaCT \.\.-u.».‘\ elicern.

Zere exists no body of
direct observation of humian  population

¢ precise quantitative deter-
mination of the gunuic effect of low-level
radiation.®® *** The potential genetic con-
scquences of exposure 1o radiaton have
bc en estbmated indirecty In such terms as

cihai-equivaionts,”’* total estinated num-
bers of gross physical or mental defects in
future gcnuat;om’”“' 105 and
doses”  or  “doubling  doses” of

“gonadal
radia-
:ioni'.".', 105, 197

Based on radiatioa-induced mutation rates
in man and on the sponiancous incidence oi

October 1965

of gross physical

ciects in man, the total
et e et A e Sy o: A
and mentas defects from all atomnic wezpons

tests throughn 1961 and all futurc generations

been estimaied!® 1% a5 1000 (range

20 {000 from fallour and 2,000 {range
360 to 10,000, from carbon-14. The total

number of such defects due 1o 2ll causes
Y

{hereditary and ncniereditary) in chiléren

oI persons now living hus been estimated two
be beiween 4,000,600 and 6,000,000. The
number of additional cases occurring In ne
next generation has been estimated to be 163
«range 20 to 300; due to fzllout and 10 (2

o 30) w0 carbon-14. The risk two the in-

et

anvidual of encration (of genetic

cllects man ross me .zu} or phvs-

o defoct eviated as 171,000
ica. qeiece, d.culaica as A/ 1; LU=
O AN 66

e - T N r

The L\’SCM:\.A\ report concludes that for
: sentalve coubling
er than 30 rad but not less thar 13
rad. For chronic irradiation, t..c most prob-
able value is 100 rad or possibly nigher.”

what low

TALLCUT RADIATION

The voluminous data on ihe .evels and
hazards  of  environmental coniamination

with radloactive materials {primarily from

auclear weapons tests) have been effectively
summarized, on an nternational basis, by
UNSCEAR® > The published records of
tiearings before the Subcommitice on Re-
1. Development, and Radiation and be-
fore the Special Subcomumnitiee on Radia-

on, both of the Joint Committee on Atomic
Znergy, Congress of the United States, con-

siitute an authoritative source for basic in-

of deposition of racdicactive Iadout from
ing of weapons depend on the amount
apaic jocation

altitude and geor

sion, micteoroloyical condi;

3
D

0,
7re 11 Radio-

factors.'* ®
Hy Imporant nuclides wiich account
for most of the external irradiaton [rom 1':.11-

out ;ncl“ac the
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medical significance are the hazards of in-

ternally deposiied racionuclides from wropo-
eric rallout ratner than

spheric and strato
1 or near-in I.liout.

thase from local
Swontium-$3. The principal source of

strontium-93J is dictary

y, wrough mgction ol

directly conwaminated  vegeration  and
through incorporation of strontum-50 into
the food chaln, both plant and animal® 2%

* In children, milk is considered an impor-
tant source of swontium-90, although con-
tanunaied potable water may conwibule ad-

ditionzl amouniy of the radionuciide®” The
dgrstribution of the radionuclide in the body

J0OWs 1!1c menbo.ic r):;fns of calcium.

bones of infants and ch;;urcn under 2 years
ol age is presumed w lead to rapid eculli-
braiion ol tie bone minerals and conse-
quently 1o uniiorm de sosition of strontium-
90 ihirougiiou: tE

: per cent or more
O. tone minera. has been estimaied during
iie arst and second years of lfe”™ ' In the
3.5 per cent of bone calcium
97013 The

e e N en
O TRV R € 0]

> replaced anuaily, e bones ol sull-

Lorn fetuses and of newborn infants have a
lower stronuum,//caicium ratio atributed to

aiscrimination by the placenta which favors

gy a {actor of 2 tie passage of calc:um over
ontium rom mother to fetus.® 1% Meta-

s
Lo

ation between swrontium and
um does not become established until
the second year of liie,?*® 1% the “observed

boiic d&\,rnu

ratics’” of swontum and calcium in bone to

those in the dict being abour 0.8 at 2 w

-, o 1% 2~
moniis of age, less than 04 2
:

Yor;-; Citv were: 8.81 in infants, 9.84% at 1
year of age, 5.03 at 2 R 3
2.41 In chiidren from 3 to 19

[
W

Effecis of tonizing radiation 6

thelr growing bones.

Being o Lo e:‘:it:er, the isCICpe Qoes no.
coniribute significant
the effect is lob.x.uud anatomicaly where it
Is responsibic xor an estmaated 50 per cent

o
e
[}
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3
ot
]
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t
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ot
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bone dose.’® The potendal danger from
stroniwn-90 Is assumed to be the develop-
ment of osieogenic sarcoma and possibly leu-
kemia. Although the behavior of sirontium-
99 h‘zs been examined on ccological and

physics  bases,™

) 134, 117, 138 he

tuce of the biol oa.\.al risk remzins o be de-

ed™; a raiher high tireshoid dose of

well above 20 rads and probably nearer 1,660

rads has been suggesied for cone sarcoma-

gC“ esis [rom radium c‘leo;.hu“. o d2o
Cociom 127 Cosliun i not Aol m ()
Cesium-137. Cesium-137 is not fixed in the

body and its distribution iy comsicercd 0 be
uniform. The meabolic betavior of cesiume
resembles that of poassium. It is rapidly
intestinal tract

absorbed {rom tie and is dis-

tributed uniformly 1o the soit ussues. The

biological half-life of ceslum in chi:dren has
been reported in two siudies w0 be about
and 38 days znd abour 100 days in

The more rapid tuua\ r par-

ior the ratio of

poiassium beiny .ower in c;‘.i.‘
adults. Observed levels of cesiw
were 1wo 1o four umes hig
than the averaz 1
sorpiion of thls chemical

poor, so ihat the enry o

b rooly
oain largely deg
iood conta

tik and meat
to huwman  dlet

variations in body burdens of this

not been noted, parucularly
wilen related to lean bedy mass or o po-
tassiupn, tRe T S AL A3 4 ona it the rela-
uvely short-lved zirconium-23, niobium-93,
and Ba-Lo' (half-lie,13 cavs), coestum-137,

waich Sives Cil garmma ravs, conwibutes an

»

estimazed 90 per cent of the whole boay and
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into their milk. It is neied thar, for the sume

milk consumpiion, the thvroid giand of ¢!
dren concentrates much more iodine han
that ¢l acults.

Fewal thyroids contain more iodine-121
than maternal thyroid glands on a per gram

1

welgnt basis.®™ ! The most critical age 1

<}

5

postnawal life in regard to dosage has been
estanated 10 bc between 6 mionis and 2

vears of age.”™ Thvroia doses from fall-

out iodine-13. in Infanus calcu ¢ cn e
pasis o O 7 liter of fresh animal mils con-
suIne 1 ,

25C.

and

S S P T TSR
TLUGHNG W caliatiois duse 10 wvroid Cal-

cinogenesls have been made on clinical and

iat.o by doses in th
therapeutic vange ‘\50 r 1o 3,060 r).eies
Cruce risk estimates for tl‘\"‘o;”’

C

arcino-

c’.;x.;‘.rcn only in p

o 300 roentgens,” have been

caiculated o be 3.3 1o 1.8 cases per 107 ex

poscd ponulation per year per roenigen.®’

A risk estimate of high magniwude (33 per

2isc nas been cerived.’ Re-
pors concern i.g association of iodine-131
and malgnant wmors of the thyroid arc

“

scarce.¥% 37 The risk of anom cancer {rom
internal exposure to radioiodine has been
estimated to be onc-tenth that {rom exiernal
x-hrradiaon.*™ The subsiitution of racio-
fodine-free milk [canned or shipped milk)

wdthe feeding of stored feed 10 cotlic have
s

mended  when e

levels of 1ocine-131 ave detected. >
use ol organic and inorganic tovroid-block-
ing agents (such as lodides, perchilornides, and

thiouracii) aas been studied as a counter-

measure for sudden high radiciodine con-
taminaton events.t

Carvon-i~. The long-term risk is primarily

Ocicber

wat rom carbon-i4, tho doses from which
¢ celivered ar exwremely low rzies over o

e T ameiad S I T (el e 14
very Jong period of umet™ Carbon-14

s
nt almost exciusively as CC..°7 Testing

carbon

ce cceans, deep ocean
o:’ carbon-i+ Leuvity ac
has been predicted in 196+
sevel will then fali to scme per cent in
scven or eight years' thue. Denween 1570
uaiiy iail to
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wevel while the excess OFF will decay radio-

SLius VeV nrtle

10 tae TOT4lD LoLY Uose o uny sm;@ ot

COVICUG, Turng Ly iciiane. iace SUllliliilve
over o Iunbes o peneralions,
DE SIEMIRTLLLY
p=3
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NCiaidve Iishs, 1 00y

. N 1 e o~ 3
1:;110'\11 D4y SCeR CXDIessCd I willls of

d ;:‘ing the complete decuy
material inwroduced inw the
Tie
2il tests

Tuanic 1.

-~ . <y ST e .
e relauve risks fromy fabiout radiaton

{ron: tests carried out beiore 1983 have been
expressed in termns ol the period of thne dur-

adve e

1y which nawral
be cgoubled 1o give & (oS¢ CGUAl TO e Qosu

conuniuncan.”’ Caiculnted in this way, the

nericds cqual approximately 9 months for
e _gonuds, 32 months for ccils hning the

bone suriaces, znd 20 months for tie bonc
narrow.’

The likehhood of develoning cuncer as the
result of carvonic {allour radintion from tic
tests of weapons )
maed by othie Federal
v During the
tnat $0,050 pc:‘.,

' ~

and i

]
C
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mated nuinber of cases coused by nutura
sadiation ure 0 o 84000 for leukamia and

0 to 14,600 for bone cancer. The esumated



v

Volume 67 Numper 4

M . e & ae Tl PR -
zoditional nuUmmbers 00 Cases ULAT wilo DS at-

cukemnia and G to 700 for bone cancer.
is of a

ations. the risk

any Individual developing cancer as the
result of {zlioutr radiation is 0 1o 1/100.,C00
for leukemin and U o 1/3C0,000 ior bone
cancer.

The existence of potental hazards de-
nands consideraiion of countermeasures. In
re.ation to this question, the National Ad-
visory Comumitice on Radiation {(NACOR]

has acvised tie avoidance of independent

couniennicasure action.™* “Not inirequently

such :;ctiox» in\'ol\'cs he use of counter-
-
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roaci "1“' or exceeding ihose of the con-

‘U

ninant. Often such acuon is ineffeciive in

an 1

reaching the objective sought. To avoid these

.-c

and siniiar problems, reconunencations on

COURLCIMCASLrEs NIUst De ‘)lOAl’LU’ ted fl‘OZIl

a singie authoriiy, acting after {ull evalua-
14

tion of the cffectiveness, salety, and feasibil-
v of the nicasures to be taken.”'#!

RADIATION PROTICTION
STANDARDS

Among e recomunendations formulated
for proteciion rom exposure ic
occupational, o ionizing radiation are those
from three quaiificd bodies: Internationa
Coz:‘.::;ib.sion on Radioiogical Protection

ICRP;, National Comimitice on Radiation

P,
Protccuon (NCRP:, and the Federal Radia-

tion Council

recognized autiiori I radiation and In
ﬂcahkz physics 208 2ud 1313 Althougn varied

.U
tag recomnicndations can occur,usy 1vws 148, 140
these dractical and reasonabic limits to mini-

A oy I mrpm oy ; Nty - ~ T
allze e Anzards O exposure 1o radiauon

retation of thwe inent and udmiiazions of

tonizing radiation G067

10 RUCISLT

' Dose commitinent

Suurce ¢ rediction i fmnrad)
Gunua'.\
Shori-iived nuciides 21
‘Ceslum-157 12
Carbon-1+ 13
Towi 76

Cells lining bone
Short-lived nuclides
Cesium-1C7
Stroutium-S0
Curbon-1+

~
16tus
.

Lonc murrow

Short-.ived auclides

Carion-1+

Toil 100

over o long period of time or rest!
a single exposure, which, in the
t inowledue

negligible prob-

¢l
[S]
vt
I
.
9]
v
[8)

ol severe somatic or genciic in-

‘)C.u“bn.\)lg cose N7

\ dusl DOt GCCUBLJONLLY ¢XN-
posed has been set at 0.5 remm per vear o e
gonads and the blood-forming organs,™' in
addizion to natural background plus e
lowest ;)r:;c:ic:xb".c coniribution fron ineaical

CNDOsUe, LU

DU Deriniissio

2 ias asso recormnended va.ues

burden ol

T vt
Tomaximal
rme
permlssible concenirations ;,\1?&., ol these
:

nuclices n air, food, and water.'™
Tohe Nz Commitice on

wWas o os¢et oumn

pulation.
iation Council

10
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