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T II r s RE v r E w of recer.t litera<ure was 
undertaken to obtain a perspective of radia
tion effects on hun~an beings, particuiarly the 
effects on c;1iicircn. Alti10ugn nwncrous re
ports indicate the occurrence of specific del
eterious eficcts a:'tcr high doses of radiation, 
documematio:1 o{ damage in man following 
chronic expoot:re to low doses and low dose 
rates is meag·cr. 

Tl:e question oi differential sensitivity m 
rebtion to ;~c_;·e is particularly relevant to 

pcdia,ric considerations. The publications 
suggesting th::.t :"eta! irradi:nion at diagnostic 
rocnr;·cnographic dose levels may be asso
ci~.tcd subsequently with increased lcukemo
gcnesis and carcinogenesis'· ~. 3 have empha
.siz.::cl the need w obtain more data on human 
beings. The occi.;.rrence of thyroid cancer 
after irradiation of the thymus during in
fancy" :;, 6

• 
7 and the age pattern of leukemia 

in the Japanese A-bomb data'"~ have sug-
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gested that young chikrcn r:1igln be more 
susceptible than acl ul ts to tic carcino0·enic 
action of radiation. Other dat:i, however, 
::i:~ov.-" :.LZi..t leu.kc:n1ogcncsis also ;::ay !:.i2 :..sso .. 
c:arcd \\·ith diagnostic radiation in the ;:dult 10 

anci that the incidences of radiation-incuccd 
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 ir.crcasing age.11 Lack of knowl
edge regarding the basic mechanisms in 
radiation carcinogenesis (and spontaneous 
cancer), in addition to the difficulties in
herent in the interpretation oi epidemio!ogic 
data, warns against uncritical acccpta:-.cc oi 
conclusions seemingly shown. 1 1-1 1 

Considerable data have accumulated de
scribing the effects of radiation on :1Gu!t 
human beings. However, less is known ::..bout 
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 :;1is is 
gencral!y 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 wid1 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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SO:\L\ TIC EFFECTS OF 

HIGH DOSES 

Som~nic efTcc:s that result from substantial 
doses oi radiation ha\·e been well docu
mented ancl ti1c causal relationship of early 
cff ects to t!1c fact of cxposu!"e has been fairly 
clearly established. The present knowiedge 
regarding- the btc effects on hum::ms which 
occur months and years after the exposure is 
based on meager data from acute exposures, 
from epidcmiologic investigations, and from 
occupational anci medical exposurcs.1

:;, 
16 

These late effects arc nonspecific and cannot 
be differentiated from naturally occurring 
disease; only t:1c incidence of the disease is 
increased.' 7 Ti1e general pattern of somatic 
cfT ects following irradiation varies with sev
eral factors which include the quality of 
radiation, absorbed dose, and rate and 
homogeneity of exposure (spatial distribu
tion:~. 

Acute effects. The median acute lethal 
dose (LD00 ) in man ior short-term total 
body radiation is not precisely known but is 
estimated to be somewhere between 300 and 
500 rads. 17

• 
16 Doses over 2,000 rads are fatal 

within a few hours, producing rapid clinical 
deterioration in w::ich neurological symp
toms arc strii,ing. Between 500 and 2,0CO 
rads, cff ec:s arc charaClcrized by se\·ere 
gastrointestin;il disturbances; death occurs 
within a week. Aiter an exposure to 100 to 
500 rads, less serious gastrointestinal symp
toms predominate in the early clinical pat
tern. Following subsidence of the gastro
i:nestinal symptoms. the effects of injury to 

th<.: hernatopoictic ;.issue (infections, ;inemia, 
biecding) may become evident in abou;: 3 
weeks. 17 Clinical syndromes of acme radia
tion injury han: been described in detail 
in a number oi pubiications. 1

"-"' 

The reiative sensitivity of children com
;)ared with ;idults to high doses of radiation 
is not precisely kao\\'n. "In assessing sus
cqnibilities ,·arious end points can be used; 
the ;ipparem radio-:iensitivity oi a tissue or 
org;in ckpcnds on the method of observation. 
Sensitivity depends on ;ige at the time of 
exposure, children being more susce;nible 
than adults.'"" ::Vfarshallese children irradi-

Efjccts oj zonz::zn;1, radiation 6 5 9 

ated wid: 175 rads of whole bodv g;imr.ia 
rays si10wed a slightly greater degree of 
r-.ausea and vomiting and greater depression 
of leukocytes than did the adults.~"·"" How
ever, the dose may ha,•e been gre:ne:- in 
these children due to their shorter statu:·e 
(nearer the ground source) and smalle;· 
bodies. The skin of children is known to 
be more sensitive to r;idiation than that of 
adults. "5 The ~Vfarshallese children exposed 
to fallouc also developed more widespread 
"beta burns" of the skin ;ind epilation than 
did the adults. This gre;iter sensiti\·ity n:ay 
be reiated to the thinner skin oi the chil
dren. 20 

Late effects. In considering the possible 
late effects of r;idiation, it should be borr.e 
in mind ti1z.t children h:::.vc a grea:er chance 
of developing some of the la re efT ects since 
;,;;c:r longer Eie span would per::nit effects 
\\·ith p:-olongcd };:,:~er1t pc:i.·~od~ 

man:fest. 
' ~v u~co1ne 

LcuJ:crnia. The occurrence of :e:.ikemi~ as 
1:1e result of exposure to ionizing radiation 
has been established in studies of atomic 
bomb survivors in Japan 5

: a, ~ 7 • "" "
0 and of 

t!:erape1.aic;illy irr;idi;ited ankylosing spon
dylitis patients m Englar.d."c" :n In the 
Atomic Bomb Casualty Commission (AB 
CC) study, c;ilculations based on 82 c;i:;es oi 
confirmed leukemia of all types occu:-ring 
from 19-i-7 through 1958 a:nong the proxi
mally exposed (within 1,.300 n1eters of the 
h\·poccnter) sun·ivors demons;,rarecl tli:u Ll:e 
highest c;ilculated annual ra1.e o[ 673 per 
mi:lion \\'as in the ;ige group 0 :hrough 9 
ye::irs; the c;ilcubted o\·er-all incidence was 
..J.jj per million for all :i.ge groups combined. 
Durin.:; the s~unc period of tin:e, tiie leukemia 
Lti.es ;imong tl:e distally exposed ( 1,500 to 
!0,000 meters from the hypocen;,er~ sun·i
\·ors, calcubtc:d on the basis o1 67 confirmed 
ca:-.cs, were 26 per million in the 0 througi1 
9 year :igc group and 35 per :Billion for aii 
ages combined.» 0 The cxpectc:d incide:~cc of 
leukemia o:· all types for all ages in Japan 
wa.s 20 to 30 per milli011 per ye::ir.s \\'hen 
acute lyrnplwcytic leukemia was con:-.idcred 
se;Jararcly, the c;ilculated annu;il r;:tes in t::-: 

0 through 9 age group we:·e 269 per million 
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m the proxi::1a!Iv exposed a::d 6 per mi!lior:. 
m tne distally exposed cn:Jdrcn. 5

• & Straighr
line relatio:.ships between irradiation closes 
and :eukemi2. incidence i:: tI'.e Japanese dat2. 
were noted over the dose range from l 00 
to 900 rads. :.... 

Trie British dat:i. were obtained from fol
Jow-u p studies on about 15,000 patients, pre
don1inantly males of 14 years and older, 
who were given radiotherapy for ankylosing 
sponcy;itis 11

• 
30

• 
31

; 73 cases of leukemia have 
occurred ar".0:1g these patients. The number 
oi cases of leukemia expected in this study 
pop~b.tion in the absence of irradiation r.as 
been estimated to be :our or five. 11 These pa
tients recei\·ed therapeutic doses of radiation; 
thereiore, "tl1is study does not provide evi
dence on lei.:kaemia incidence aiter doses be
low 500 rad." 17 Other epidemiologic investi
gations have indic~tcd rh~t chilcire:i \'{~th 

J,~ukcrnia have !ud greater exl'osure to r;;..:.'.io
tl1craj))' tL~:i- hz..vc corc.parison groups~:.:-;}[. 

and th:l.t ci1ildrcn subjected to the:-:..peutic 
irradi:uion, particularly to the thyr:<ic area, 
ha\·e a higher incidence of leu~err.ia than 
expected:'·'" 7

• 
3

" In some repor;:ed series, 
1:0\n:ve:·, children who received the.ra='eu;:ic 
irradiation, including irradiation oi the :hy
mus, did not s:10w a signif.cant incidence oi 
let:kc1ni~. 31

'·
39 .:\gJ..i:l, the L~story o~~ therapeu

tic radiation is not always a signif.cam find
in:; in leukemic children.""' The total vol
ume o:· tissue irradiated (bone m;:rrow) h~ 
been suggested as a factor of im?orta::ce. 40 

AltL01_;3·h in-:reased frequency of deaths from 
leukem:a ar.iong American radio:ogists h::..s 
been reported,'"'" the data do not con
tribute toward quantitative aspects of the 
probl.::m. "°' ' 0 

Several attempts have been made to dete.r
mi:1c the probaci:ity of leukemogencsis on 
the basis oi radiatio:1 dose. os, • 0 • u-• 0 The 
conc:usions do r.ot definitive'.y answer the 
question o:· the existence or nonexistence of a 
threshoid radiation dose for the deve!opmer:t 
oi leukemia in man. "5 A cac:se and effect 
rebrionship, however, betwee:1 high-dose 
radiation exµosure in man :md increased 
incidence oi ieukemia mi.;st be accepted.4° 

Cancer. Tne correlation between roruzmg 
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radiation and the occurre::.ce of :r.:i.u;nant 
ncoplas:~ other t!-:.:.n lct.:.ke:r.ia has been t!-~e 

object of in~ens:vc sc:e11tific :::quiry since the 
publication of re;Jorts of i::c:-eased c~rci~o

genesis in c!-.ildren who were i:-raC:iated in in
fancy for t11ymic enlargemer.~:" ° Cancer of 
the thyroid gland a;;~1e:irs to be the most 
frequent malignant tumor noted in tl:ese 
studies.4-'· '" Eleven cases of thyroid car.c..::: 
cieveloped in a group of 1,644- children gi\·en 
X-ray mera?y to the head, neck, or cnest. In 
the same po;:)Ulation, 0.12 case would have 
been expected. Irraciiation dosage in the 11 
children r~ngcd frorri. lCO to 1,770 r in air.i; 
In another prospective stuC:y of 2,809 in
fants wno had been i:hera;:ieutic::.lly irr.:tc!:ucd 
for t11yn1ic cr~l:irgeL~e:1t, 9 c:.scs o!· :l-Lyr0:cl 

c~1r1ccr ,,·c:·e foi;ncl ( 0.1 G cJ.sc ~x~1ect12d ~ :!"' .. 
aciclitlo:-i to 21 case:> vi thyrvi~ ~\..lcnon~:i ,;G.:J 
case expected~ . ,..L'l1c 9 \\'ii.l-1 ~~:yroid c~1:ccr 

had cumubtivc exyiosures :·:i:-:::;·:::1z i rom ; :i» 
to :,092 r in air \\·iri1 a me.::: o:· .508 r. 7 A:
tliough the C.evelop;11e::.t of ··Ihyro:d nodules" 
has been asc:-ibed to pr:or tr:c::·;;.py w!r~ 

iocEnc-131,'&· 00 only one c;1:;e of thyroid 
carcir.oma '.1as bee:;. reoorteci arr.o;·._; na~ie:;.rs 
so trcared. 491 ~0 \7 at~Ou~ d~t2.. suggest ~:-..~r th...: 

for:natior.. of the nodules \vas rl10:-~ frequc=:t 
in cl:ildren tl:an in adults ;33.3 per cc:1t 
compared to 0.8+ ;:;er cer:.t) .0° Clir.ical ob
scn:at:ons have ir:.dic;;.ted that :l:e history 01-

amecedent ;:herapcc::ic irradiation to the ;-ice:" 
area \V3.S significantly \'er~,r con1rnon (up to 
80 per cen:) in children and adolesce:-. '' w: ~:i. 
thyroid c~::ccr:1 ~· .:;::. In til(! .. .\22C Si.-~r\·ey in 
J a pa:--.. , 21 insta:ices 0£ thyroid cancer \\'C!·~ 

iour:d over a three-year period '. 1958- l 96 l : 
among- more than 19,000 persons in tb:: 
s:uciy S'1:11!)le."" x:nctcen of UlC 21 occurred 
in the exposed grou;:i. Two were uncle:- 15 
ycJ.rs of age at time of exposure; 3, b.O\VC\\2':, 

were ur.cier 21 ye:i.rs of 2.ge 2.t ex?osure. T C:1-
:;;.tive exposure doses (T, 7 ), cor,:;,u:cC:. on :he 
basis of exposure disr:mce :i.nd s!:ie'.C::r.g '.:i~

tor;.· oi these cancer cases, r:-.n:;ed from 125 
to 3,..;.oo rads wit:1 the exce?:ion of a sir.:;:'" 
patient whose T 57 dose was calc-.::a:.::C: ,,; 
have been 33 rads."" It was concluded fro:i::: 
these Endings that thyroid c:ircino:-r:a was 
si:;r:.:il.cantly more prev:i.lent among survivors 
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he:ixily ex:Josed to 
bo:nbs.""· ;;;;, ;;; 

~he J.tO~ 

In another study o,· Japanese z::cr:lic oo~b 
sur,·i\·ors, a higher incicience of c.J.ncer oi ~:l 
types (exc!ucEng lcu~:e::;:a ar.ci l:rn;fr;oma; 
an:.ong those ex;::.osed \\·ithin 1,500 :.\L was 
reported""; the increased frec:;uency was r.ot 
related to :J.ge or sex. This finding, l~o\V· 

ever, has not been substa:ui::ned. "'· .oG 

The c.lc\·c'.opment oi bone tumors £ollowing 
irradiation with doses in excess of 3,0GO r is 
well docume:neC:.;; 7 An incre::i.se m frequency 

.. , . ~ , 
or osteocl~onurom:t.s over t::c expcctcG n'...!r-. .-:.-
ber o: c.::.ses hz:s also been observed" in 
children tre:i.teci with sc\·eral hundred r :·or 
t:1ymic e:~::u-gcment. Done tumors i::::..\·e :,:so 
been oOse:-·vcd in \VZ..tch di:ll paintets :·;:on1 

intc:·:1~l Cc1Josition of raciit~m. l\.~Giog·e=-~~c 

bone r.eo:-i:as;:1s irom Sr"0 deposition i:.'.l\'C.: 
been experimentally produced in animals ancl 
!)rCsdi::~O~y could occur in m~n. 37 ~vfaE~ . .::.:: I 
~u1r:ors of tl~c lung and the skin are Zi.lso 
~~no\vn :o be rc1~tcd to radiation exposure. 
Cance:· of ~he h:ng has been associated wit!1 
high ar:;;.os:Jheric content oi raclium ~nd 

particulz.rly oi radon. The risk of rad:~::n

induced ca:-icer oi tne skin is generally con
siderc<.'. to be less than that of m:rny otiier 
types o~· tuinors.; 7 

Cro:;,;th and dcvdo prncnt. Severa( ana'.yscs 
of the gro\\'th data on Hiroshima and ::\'ag::.
s::!.ki children subjecteci to atomic oomb ir
radiation have su3·gestcd a retarciatior. of 
grO\\'th :J.n1of!g the exposed group. :;s, :;~. t.1o 

This dc!etc:.~ious e:T cct seemed r;.4orc pron1i

ncnt .'.lmong boys than girls and among 
:i1osc exposed at yot:nger ages.Go, 00 Inter
p:·ctat:on of the results is complicated sir.cc 
the chi:dren suffered psychic and physicai 
tr.'.luma as wc:J ::i.s nutritional disturbar:ccs 
and diseases. A si:1:ibr trcr.d in ret.'.lrdation 
o: growth and dcvelop1-:1ent has been noted 
in a study of 33 ?vfarshall Island native 
chi:dre:;. \vho \vcre cx::ioscd to \vhole body 
i:-radiatioi1 0£ 69 to 17 j r from radioz.ctive 
fallout." 1 I-Ii;h:y suggestive differences were 
noted, particubrly between mak children 
exposed J.t 12 to 18 months of age and the 
unex?osed comparison group. 

C:inical experirncc h;is long emph::i.sized 

Eff ccts of zom::m:; radiation 6 G 1 

tne cccurrer.cc oi de\·e:opn:en t::.l abnor.:l:::..~

it:es ~:-:-.. ong childrc:-i receivir-!;· irr:ic2i;J.:iol'l i:: 
utero. 17 0£ the onspring oi 11 pre;r.ant 
worr:e:: who were exriosed during r:-ie f.:-o:~ 

r:-irl:ester of pregn:rncy to :!-ie atomic bor:ib 
in Hiroshim.'.l at distances less r:~a.n. l ,'.200 :.\J. 
:·ro::n the hypocc::ter, seven h~d :nicroce;)h:.ly 
:i.nd memai retardatio::. "~ I::i :\' agas;:,,ki, t!:e 
o\·er-;:,,ll n-iorb:dity anci mo::tafay were high 
arriong babies bmn to 30 mm;:e:·s who were 
exposed during pregnancy ar.d wno mani
fcstccl rr.ajor raG.iation symptorris as com
rareci. to those among babies bo:·n to 68 
1'.0the:-s exposed wi;:hin 2,000 21..::. out with
out hi~~orics oi ;n~jo:~ syr::ptoms ~nd to i~

fants borr. to 113 ··con;::-o;" mo~hc:-;. ?our of' 
r:~c 16 s~n·ivi::g cl:ndi·c:~ of moi.~-..crs \vith 
n1:.jor symptoms \vcrc n.:cr:~~~ly clefcc-:i\'c. i.;:, 
~ . ,_ . .. . 
Lxpi.?r1rnent~llY: :n:i.ny rypc.s o~ rr.~~ror:n;;.t:c:is 
!1avc been ?roc:uceG. i~ the ~~in-::.: fctt.:.s by 
irr~d:ario:i. 10 • G.t, Gj 

Lif c shortening. S.i1or:c:-.. :::g o:· ti-.. e :ife sp~:-.. 

=ind pre1narur~ senescence. h.J.\'C Deen est:ll)
bhcci in m::.mmals rccci\·ing aet::e o:· chroi1ic 
irr:tciiation.17 • a.;, c;, 08 It has no: been co:1-
clusi\'ely derr:onstrateci ti~z.t a simil;.r Le • 
s!:or;_ening effect occurs i:1 human beings 
expo>ed to r.'.lciiation," :::..ltho;..:;!1 ::1or:.'.l:i ry 
.st~~is:ics from ret:-ospectl\·e sL:..:"\'eys }:.J.\'C bcc:i 
:n~erprdcd to SflOW cecre.'.lSeG lo:~ge\·i:y of 
A:-::1erican radiologists in cmr.?arison wH11 
ot:ier p!1ysicians and wi::i~ the general ma;e 
popuLaion. 17

• ""· 
70 The :\wmic Bomb C.:.s

u:i.lty Comrr:ission-:\'ation;:.l b,;,:r;_:;:e of 
I-IcJ.'.t:1 \Japan) Study oi Lifo Span oi :\.
Bor:::b Survi\·ors h:i.s u::,der survcillar:cc a 
samr)le of ap;:iroximate:y l 00,000 persons.''' 
.-\naiyscs of tl:esc data :-:::.ay prO\·:de sorr:e f.:-:1: 
:tnS\\.'C:·s in rcfc.:·cncc to th~ re:J..tive liic sp~n 
o:· those ex;:iosed to radiation d;_:ring c!l.ilc:
hood ~nd inE.J.ncy, ~~ ~: .. 01~gh results tl:u::; !":ir 
ha\·c not :·e\·ealed :::..ny positi\·e cor;·cbrion. 

ChronzosoTJlt: changc.L P~1 .. siste!'°'l~ cl:ror:;.o
son:.J.I ~bc:T~tioDs have beer.. noted i:;. G1c 
leukocytes oi h·um:rn beins-s who recci\·eJ 
w!wie or partial body irracEation. 01

-
7

" Di~:s;

nostic radiation r:.mgcs in leYc:s of 12 :o 3.5 r, 
:i.nd e\·cn in levels as ]cw as 1 to 12 r, have 
bee;;. associated with postraciiar:o::. aberra
tions.;;; The clinical significance, however, of 
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these c)::rorr.osoi;-::;;.1 abc:T:ltions Ji:is not oce;, 

csrabEsh~d; in the ~bsc::ice of 
~. . 

su.tuc1cn t I:-'.-

form:uio:1, the re:J.~ions:::p Ot t:::esc n::or'.)!W
logic cl::rnges to potenti::.l lcu:.;cr:::ogencsis o:· 
other ;ibnonnJ.litics v;hich :::i3·ht occur l~:cr 

rernai:1s highly specl!la~i\.C. ''· " 
Ut!1cr somatic c·Jccts. Op:i.c:ties o;· ~:.e 

optic lens occi..;;: a:· re;: acu re expost:re of the 
lens to closes grc:i.te:· thJ.n '.2(;0 rads of rr.:xcd 
g::in1n:a ~nu nc'.J.t.ron r~di~1:on/G· 7

:' ~! tl~cn::..;h 

the n1ini~r,u:n cf:cctivc x-r~y close [or tl:c 

production of c~lriic::il:y signiE1c~r .. t c:..-;.: .. rz..c: 

h:i.s been csti:natec: to be 600 to l ,OJO :·;ids." 
In chro;::;c cxposu:·es, ;,currons :u-c con.,ic:c:-cd 

to be :~101-c caL;.."!..r:..i..c:ogcD:c thJ.!1 x- or g~::1~::. 
r;...Lys. •·· ... ~.l;c ~c·:1~iL:,·ii.y ol ie:iscs i.O ~-~cii~~:0:-.. 
~~c1ns :.o Le ~p·c~Lesr in i::i~;;.l~ un(ler l yL::r 

of ::.ge. 1u :':·olongccl tcn1:)orary or pcr:11ar..cnt 

stc:·ility :i1as been rcpori.cci !'ollo\ving s:r',g-Ic 
1oc~l go:-i~L~l do~cs 0£ 500 racis or h!g!:cr. 1 

i,; 

EIG~ LOSE 

Ir1 t;k srnclies of atomic bomb survivors 
at Hiroshi:n;i and ..'\agasa.ki by the ADCC, 
7
'· ""'- " it w::..s concluded that the dJ.ta could 
dcrnonst.:·~r~ ··no signif..c~r..t and consistent 

e.'Tcc: of :x:rc:nta.l r:idiatior. cx;)o,;\.;:·c o;, :hc: 
::..u1nb~r o.i.· ir:iarn~ \\·id1 in:ijor l~c~·ccts) ~1110:-:g 
1hc i6~526 chilclrl'n ex~l11ir .. cd" .::u--..G iai:ccl 
"·10 re\-c~l ~n i;;.c~1 c.::i.se i;i sti~lbirtl1~ or in~·:..:1r 

dcat> .. s clc~dy a~::-iOutaOlc to parental irra

C.:iatioa." Ti1c ] ;ip;incsc study, howevc::, i;:.:s 
:nC..:~c~-.. tccl ~ ch:J.ngc in sex r.J.t:o arnong of':

1

-

:'.)prin~· 01 irt~ci~"ii.~d p:u·cncs. Su.ch z~ sl~ii.t 

wouic'. be consi~:e:it with the occl:rrcncc o[ 
scx-li:~i,ccl. mut::nions affcc:i1:g· prcna~ai sur

vival.'" Sci:uil'"' has cx;imined the generic 
interpretation of the d::..:J., cr::1;)h::i.sizi:-::g the 
;eZLli:y o{ th~ ciTect bi.1t inclic.J.ting tb.J.t .J. 

ra~rn~)c-r of gt.·ncric alll:rr~J.i.i\·~.s may ~~ccou::.t 

for the ch;:in~·c ... A. slight 1r~crc;isc~ hO\\'C\-er, iE 
~Le nu:i1bcr o[ n1i~carriagcs, stillbi:·ti--.s, anci 

::conat::..l cic;iths has been reponcd ir:: the 
.:VL1rsh:i.llc~c wo:nen cxposeci w Ldlout r:.c:i:i.
tion.·' 1 

1$;.btd on rn~ a~,u:npr:on tha;: chilcircn o: 
consan3·uint:Ot~S n1;lrri.::i.3;cs, 0\Vi!J._:;" 10 their 
incrc:.iscd hornozy,;·osiry, arc ··..i. more sen~i:.ive 

inciex oi radiation induced ge:1eric damage," 

October l 9ii5 

. ' . . . . ,. ~. 

.~tee :J.:i.:·e1~ ts \\-"l u: \·.::l.:·y~~,; ccg:·ccs o~ r~C.:.:.J.-

tion exposu:·c~ 1 anci rcpo!·tccl: ··x o C.e:-:-.or .. -

st:·~o:~! co:isistc:-it er;:cct oi" p~rc:-.. t.::i.! cxpo~ure 

on ;:;ic frequency of rr:alfor.:;.ed infants or 
pcrinZlt.::il dc~i..tl'...~ \\':.lS :·~,u:--~ci.'~ 

T::c ::1:i.ssin: d::t:. from the :\BCC su:Tcy 
o:· p:\=:gll.: ... :~cy rennin:i.:.ion i:: nur:tc~;.;,.:.cd pJ.r

e::t::>".'u h;..1xc been rc~na1yz~C. ir:C::cpc:ldendy, 
;:,.:-::d, on the basi~ o{ ti::i~ scpa1·a1c :.:-::alysis, a 
'.'):::;·!:if:c.:int total genetic cITt:ct :~.:is been l·c

poncd."·· '" Howc,·e1·, .:he r:::c:hodo'.ogy ::md 
inrc:-prcta:ions of the re::..naiysis 11zive uccn 
sc~·:cus~y c~ l:cs-;.:vr-,cd by X eel :::-le~ Scl:~l!. b 

7 

Expcrl1ncnt~I si.ud:es i:--1 or3·~.:.._r:isn1s 0::1cr 
i.l1:4n in:1n haxc ~hO\\'f'.:. ~L:n i..}:c ~ ~-l·1,.-~ucncy of 

n1~~tzi.t1ons \\.'~1s clo~L; clc~J.:!1Cc:::: c\·cn :it ~~:c ... 

lO\\'Cst c.!uscs in \'l.~s~.is·~ :cC_ ~r:d 

JOray of i:1<lucl'.cl 1·£c:·c\..~ilJ..!\. 

C.~t.·t~·i:1~c:-1::-.. i C0:1~;..·qucr:ccs. 1 " ~-\.:~:-_0L1~·!1 cii:·1..'.Cl 

info..-n:~;.:inn ls l;.c:~'ir.:!. };: ~-;,~)lX~~r:-, :·~.1sor::..::..::-..ly 

certain t!1at si:;.:i::.ir c~-:·ccts oc.:~:- ::1 the l~'i..1-

ITI;}n bcir,~·. iu 'T'l:us, k:10\\Ti ex:)osi:rc to hi3·h 

do~cs of ionizing radia;:ion requires the dis
quieting acceptance oi genetic haz:i.rds, ;::1e 
true 1112.s·nit.udc of \vl:icl: in;~y be ::isscsscd 

o~ly \V~t:: Lhc perspecti\·e oi ti1~1c stretching 

'"The ~cn.11 '"lo\v-lcvc:·' r~cl~;:::iu::; rc~;.i;.:c

lcss o~- source., rcqL!ircs definition. Th~ L.,ni::l..'.c: 
.:\;:ir!ons Se:crai:~c Coi:-.::1i<Lcc on the E:J.",x;.s 
01 A w1:1!c ~(:.di;lcion ; C.:\SC:E.-\ ~..:..: L~·~ 

~grecci t~:at: doses 0£ l..:~s th:..1:-i 50 r~1cl ~!10rt

terrn CX!)Osurc ;:i;.d 100 to 1,000 ;1;:-:·.c: c~:1rn
lat.i\·c \\·cekly c~oscs !:i::.oulc.: L)c considc;:cd ~s 

"'lo\'-'···~' 7 l\\'O ot11cr ~·r:i1ncs of :·L·il;n.~ncl.: ,,·i!l 
be usc!\d in thi:-i di~cu~'.')ion_. one being tl;~ 

zi::1ota~ t of r:id:ar.iur~ fro1n n:..·~1 ... ~r~~i. soL.:.:·cc~ :.o 

\\·hie;: n1an is con:;G~::..t.ly cx:Jo:--.~cl ~nC ~l1c 

o:i1cr being the lc\·cls J.Cci·>:cd by se\·cr.::d 
aC.\·isory J.nd rcgtil:ltory Oocl!~~ J.s 11:-oi.cc:ion 

st;:ind~rc~ for the g·c::.~:·::d popu:;.1tion. 

Accorciing· to C.:\SCE.-\.K cakt:l:i.tions of 
cio~c r:..uc~ ~·ro;n nJ.cur~l r~:icli;_;,tion ~Ol!rces, ::-:~. ~c

co~n1ic r:iys :J.nd te1Tc~ rr:J.J. ~OL~:·cL·~ C;Jch dc
li\·cr about 50 mrc:n pc:- yc::ir to ~:le go;,J.d>, 
bones, and blood-ior.:1ing cells. Tile ingcs-
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ti on of t:1c1:1cnts oi the r:..cnan 
series: oi pctassiu:n .. -1-0 ZLnci. of carbor:.-1-l-; pro
vicics r:icii:ir:on exposure; fro:-;: i::tc:·::.:ii ,ourcc' 
in do,c :·:ires csti:n:itccl to be 126 rnrc:::1 ::;e:· 
yc~r to the gon24.ds, l 30 1nrel·n per yeJ.r to the 

cells lining bone st::·[ J.ces, :ind 122 mrem pc:
ycar to the her.iatopoicric tisst.;,cs. 

:\frclic::l di:ignostic r:iC.iology constiaacs 
another source of ine\·itaoic low-len:l irradi:i
tion, the magnituclc of wnicl; ]us been tr:e 
subject oi rcccm inc;uiry.00

• 
01

• "~ The ;rnnual 
gcnctical1:\· signific~nt dose rccei\·cd by .:1:1 

indi\·iclu::d in ti:c l:nited States from di:ig
nostic rocmgcnolog·ic proceci urcs has bee:: 
cstim::.tcc.'. to be 50 ::'.: ~5 mrcm mini:nur:1 :l:1c.i 
hO :': 100 mrem probabie. 1 c Altiiough e,ti
matcs oi bone m:i1-row dose arc b:iscC: o;; 
sp:J.rse cl:it:i :J.nd assurnptiom, the C.\"SCE.·\R 
i:1 t\\"O report~ !us suggc,red rh;.it tLe c:sti
rnate o~ ri1c popui:ition pc:· c;l!)it:i. Guse 
.. might be oi the order of 50 w 100 mrcrn. 1 

y." 1
" The radi;.irion cxµosurc from racEo

isowpcs in pcc:iat:·:c patients for a nt.:mbcr of 
diagnostic tests has also been calculated."" 

.-\clequ:..te ir.iormation on effects of low 
doses in both man and experimental a::.:rn:i.:s 
is l;_i_cking. In 1959, Drucs~"' co:i:mcmed th:n 
the subject of cff ecs of low-le\·e! irracii~<tion 

concerncci '·J:z,z::trds which, if they exist, Gd> 

not possii;l:: be demonstrated to exist because 
ti:cy arc 1-,-'.;.iti\·cly so sm;_i_Jl." L'pton,00 in re
,·:~\\.·i:1g r: .. c::4r:on c~rcinogc:1esis~ stJ.ted that 

.. ~x1~Gn'.-2: ..-:.~~~-=-!. ... arc not ac:eqt::.:..t.e to })Cf

:~-::: confic~1.:::r cs~:1r.:i.:~ion oi the ris:..;.s o~· s:11at 
. - . - . , .. . ,, 
i ~,c:·cascs ~r. !):~c . .;.;-rounG rac~a cor:.. 

::;o.:i1a1:c eCec.s. T:1c report bv StewJ.rt 
:lr.c assc(::~:es~Jt; th.:i.t Gi.J.gr:.osric peh·ic irra

G:al:ion or- tl;.~ pregT,.J.n[ mother '"~s associatcC: 
\\·i:..11 subsequent dc\'elOtJillC=--'~t o:- lcuke:T!!:::i 

a::ci od1c1· m:i.lign:lnt neoplas:ns in the cl;iid 
\,·ho \Vas ex?os~ci in u~~ro ~rig:~:crcd a. nurn
IJcr oi si::-:ila.r c?ide111iologic studies. I ;1 Si..!b
seq ucnt con:mur.icarions, the ori'.'.·inal con
clusions \\'ere co:".finncd and ar;1pii;~ccL'· ~ 

The stuC:y ::ttte::1pted to tr:.i.cc J.!l chi!Jrcn 
in Engfand J.nci Wales \\"Jlo l1:1G dice'. of 
lcu'.,cmia (792 ca,cs) or other c;:i.nccr (~102 

cases) ixiorc t;;e tcn::h birthday dt::·in~:; 

1953-1955. Ir wJ.s cor1cludcd that the ri~k o:· 
subsequent r71ali;·nant cn~ns;es in the child 

Efjrcts of zom:.mg radiation 6 6 3 

• .,... I 

.s:3·;l :.i IC.:1:1 ::1 )" 

c:~::c:-i oi the n1otl~~:~ d~•ring· the cbil~'::; 

int!~.'.lt.rtt:·!nc ph~sc .. 1 1"'hese findings \\'CrC SUj:..

portcd by d2..t2.. fro:i:1 sc\·crJ..l other siudii..!s. 

::..:~,c:\la:--.on" h:is repo:-tcd ti1c results 
a stuciy of 73·1,~43 c~:i!L:-en bor~1 in ar:d di.s
c!1argcd al:ve from 37 large m.:itcr!1ity l:os
pitJ.b in the northeaste:-n part·of .:.t.: Cnitcd 
St<:Lcs from 1947 throi.:gh 1954. For c;:i.ch oi 
three categories, 1eukcmia, ncopb.sms of 1hc 
cc::tral nc:Tous systc:-i:, ::md other ncop!::isms, 
t!ic cance:· rate ,,·as fo::l1d to be .. about .JO 
?Ctcc:n~ hi~·~:cr in the X-raycci. than in the 
:inX-r:iwd mc:11bcrs of ._he sn;cy popula
tion. ...~~~1c excess c:u1cc!· n10r1:.L1i:.v in thl! 

' . -g:·oup \Vas :nos: 11l::..rKcc ~~ ages ~ 

throug-~J. 7 ye;.irs, ~t \\·hicl; ti!~:c i.l1c rcl2..rivt! 
risk \\"2..~ '.2.0. The execs~ r:::,k ~ .. ~)iJ:..!·(:ntly ,,·~s 
l'x:1at:;tcG by age ~-" :\~..1c\1_,;,0:1 i1J.> csti

rn~tcd th.:n ~he prob:tb~:ii.y oi ~1~~:~J. fro1;1 

Jcukelllia for wnitc chilcln::: in tii,~ C:1itcc 
States t:;J to the :J.gc o:" 10 yea:» will b,: 
incre:J.scd from -l-6 per 100,000 cl:il<lrcn to 

62 per 100,000 children by prcn:i.nl irr'"'rk•.
tion."7 

In a p:-ospecti\·c J.pproach.~1 ~ -:·3, 7 4-~ 
\\'omen wno bct\\·cen 19-~5 ::t:-.d :S5o re-
cc~n:c'. peh-ic 

. ,. . . 
HTJ.Ul:ltlor .. c~~r::._ ~>rc~n::-t!~cy 

were icicmificd from t!:.c recorcis oi selec: 
hospitals (Edinbur~h and London' ~,;;C: tiic 
subsequent deaths from leu!,emi« oi the chil
dre:-i of these prcgn~nc~L'.s \ve:·c thc:-.1. in,·c'.\~i

gJ.tcci. Court-Brown, DolJ, z.nd Hiii. 0
' in this 

srudy, fm;;;C: 9 insr;rnces or leukc:1:::1. a::iong; 
39, 166 !i\·ebor!1 chilcircn \\·hen 10.j was rb.: 
est:n~~tcd cxpl~Ctcd nu1nOc_1·. TLe s:udy ~ .. ::'.)o 
i:-iGicai:cC i:h~r •·there \\·as :10 e\·ide::cc o:· ::..:1y 

dis:)rn;Jortionatc occur::e::ce of leu\ae;nia 
among the children \\·iw had been :nost 
!1c:ivily irrJ.ciiatcd nor among t1:e childre:: 
wi10 had been irradiated early i:1 intr;ll:terinc 
:i:·c .. , :=Jat:t. not in accord \\·i1h tLosc of 

:-i lcw;;.n ::i."cl oi :Yfac:-'1;.il:on ha\·c: ;: .. ,o been 
rcpor:.cJ. l·ro1n ~C\'Ctal oti~cr studies.:):.:, :i'.' 

A!Llwug·h the expusL;rc' dose C.l:lllOl bt; 
precisely dctc.:rn-:lnccl i1: these .-;t~~d!e!), i-: th\! 
rc1)or~cci assoc~~tion bct\\"L'L'n prL·~~~: t:i: pelv!c 
irr;:i.cliation at di:i3·nostic dose le\·ds :incl :n
crc~sed Icul.;,cr~~oge:--;esis \ J.:-id carcir~ogcncsi.s) 
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clc21.rly :r:Jicates tl1e need fc: f:J.rt:i..l!r c:z..~:!. o:: 
human bcings. 100 

from pcl\·i:ncLry, 
ictus is cxtrc:nci y 

. . .. . . 
it rnJ..y i::a.:c.:-..te ::n.at tne 
sc;:siti\'e or tiu: i:1 re;:;.:i:y 

there is no ti1reshold.""8 Ho·.,·e\·c:-, r.o dii; c:·

ences in ti1c incidence 01- ieukemia l-.axc bec:i 
found arnong a nllr::bct of n:et:-o?oEtJ.n J.re:..s 
or the c r.ited S::lcCS wi:h c::=-re:-en: cosn::c 
radiation back3-rou;1ds.101 Ti1e questio:i rc
g:irdir:g the possibiEty that tbc i::::.C.:.:.~cd 

sample may not be re::iresentati\'e of the 

whole chi;dhood po~ulation needs w be more 
precisely answered. "7 

Cl:ro:-:::oso1:1al abe.:Tations m perip:1eral 
leukocytes }:ave been reported foilowing di
a:;r.ostic x-i:·raciiJ.;:ion doses of ..;. ;.o 12 r. 7 ~ 

~~hat s:r::il;ir c}1:J.ngcs rn2..y occt~r 2..t lO\\·Lr 

cioscs is suggested by a repor;: of ;:he dc\·elop
n1cnt of c~:ro111oso:::c abri.ora1aErics ~ftc:-- S'.23 
nu· ( C.8 rad) tot::..1 bociy cx?ost.:rc. 7 G :'\on~ 

were no:ed a:-ter 2J to 80 mr r::i.dia::on. '" 
Current :n·ailablc: d::i.ta on hum::i.n subjeCls 

do not ;:iermit ::i.ny definitive assessment oi 
;:he ce\·elo;:imem of ofr:.er somatic ef:eccs 
from exposure w low-level irradiatio;:i. b 
rcfcrc:1cc to life shortening, cxtr~pol~::on 

from ar.i::1ai to hum::i.:i has bec:1 aue:n;neci 
Ollt tllC .::'.::1'.c;:i] obse:T:J..tions arc inconc:u.Si\"C:. 
17

• 
07

• 
1

'':.: Cl:nic~l:y sigr..iilcJ.nt c~tar:i.cI io:~

rnati0n ;:.robaoly h::i.s not occurred below 6GO 
rJ..ds) ~i:}-.0L:g!1 it is generally believed ~n~Lt 

the :1~~nimal ciTcciive do!)e is Iov\'·er in cl:il
ciren.' 7 Swcics o{ growth and de\'e!opmem 
in c};;:.:::·c;, l:a\·c not been re;:ioned oti:er 
than t::ose carried out on po;:iulations ex
pose:~ to w::ole-bociy doses oi 69 r or more. 
S::.·Gl 

,-· 
e~ ... ~c:. l ::ere ex1sts no body oi 

direct 
- . 

00se:·vauo::1 ln:::1an no:-:iu:atio::i .. 
\\·hich :::...:::·~~irs t~lc precise quantit~ti\·e dcrct

rni:1a::o:1 of t;:c 2;cnc:~c c!Tcct oi }0\'11·-lcvcl 

r::icii.:i.tion. 0 :.:· :fi:; TLe potcn:iil ge:1e:ic con
scqcic:1cc, o: exposure to radiation La\·c 
bcl...'.:1 c:s:i~::J.tcd ir:C.irectlv in st.:ch tcrr:1s :is 
··1c::i:J.:-cquivJ.:cnts," 10~ total csti:na:ccl nu:r.
bcrs of gross physic:il o:· me::tal deicers in 
futt~rc. gencrations,10

;:;· 10~ and "·gonac~:d 

do,cs" or "cloublin:; doses" 01 r::tclia
tion. 77, lu~. iV7 

Octuba ; 965 

~c.::~c:s • .1.~ r.1ar!~ tr:e totz..l of g!·o:ss phys:cal 
~::1~ u.e:--.tz.ti G.ciec::s £ror:1 all 3.~o::!:ic \\·e:.l:JG:::.:.s 
~es ts tl:roug-!1 i 961 :-..r~d ~:: fu.tt.::-c ;c:-.:.erat~ons 
:::is l::c.c!l estin:ar.cd ic.J, 106 as : )OCO ( r:!.!:ge 

~CO to :O:OOJj irorn c:!.::-bon-1-t The to~J.l 

~:..::::be:- of suc:i dcfec::s G'..1e 10 a] c~~scs 

~ ~ie:·ed:i::::-y :ln2 r:c~-.~:ercC.itary ~ .i:: child1\2n 
o: pcrsor:s :lO\\: E\'ing ~: ..... ::i been estir"!".atec2 to 

be oc;:wcen -t,OC0,000 and 6,000,000. The 
nur.:ber of adclitional c::i.ses occur:-ir.g in r:::e 
n.;xt gene:-::i.tion has been es;:ir::iated to be l GJ 
:range 20 tO soo; d:.ie to fal!ot:t and 10 (2 
1:0 .50) to c:.rbon-14. The r:~k to the in

c:\·idu::i.l of r::e r:ext genc:·a:ion (of gc>neric 
c.:cc:.s ma::::~stcc.. by gross :c-.ic:-.t:..l or phys
ic~~ dcicct ~ has been c;ilcL:~a:ccl J.s l/1 ;000,
CCO. ~ llG 

The C:\"SCE.-'i.R rcpon: conch:G.es :h::tt fo:
J.LL!Ie r:1.G.i.J.:.ion i..nc rc?rc~c::~:iti\-~ C.ou0li:1g 
G.osc i·or :.~;c~:;.: r:1ut~tio:1 :or l}.::..:--. ··is ~on:c

\vi1a~ lO\\\~r th::...n 30 :~:-~d bt.:.t ::o: 11..·ss th.J.r.. 15 
~ac. For chror:ic irr::i.di::i.tio:-., r:.c most prob
::i.blc value is 100 rad or possibly highcr.":u~ 

':'he \·olu111ir.ous d2..ta on t .... ~ :evels and 
>:.az::rci.s o=· C:1\'ironn1c:1::..l co:::~:111n.J.::on 

\,·ith radioacti\·e :~:::i.te:·ials ( ;xi::-:.:i.ri'.y fr01:1 

:iL:cle.J.r ,,·c:ipons tcsrs) h.:::..\·c bce11 cf: cc~ivcly 
~:..i::1n1:irizcd, on :..n i:itcrn~tion;,:.l b:tsis, by 
C:\"SCE:\R.1"· 57 The publis!:ed rcco:·ds oi 
~:c~rir.gs before the SL!bcorT!mittce or.. ]~2-

sc:.lrch~ Dcvelop:rLcnr, anC. 1\..:::..Gi: .. t~o=--~ ariG l.Jc-
1.orc the Special st.;.:.;Co1nn1ittee on 1Z:1C.i.J.
tion, both oi ~:-:ie Jo'.:n Co:-r.rni"cc: on :\to:11ic 
:C:.::ie:-;y, Con:;res:; oi the ~niceci St::tes, con
s~1tute ::tr: aut::or:t:i.ti\·e source fo:· basic '..::
:orm:it1o:i. on ah:os: a:I asr:>cc;:s oi fa!lou: 
raJi:..1:ion.-:.ub, iu~ Ti~c 1·atc :l.r:ci. l:i:,t:-ibu:::on 

o; c1~pos1t1on or r::.C.io~cti\·e :·J..:o~t f:·o:n 
t~:c tcs::i:1s· oi \\'C:ipons depend o:: ti-i..c ;,;.n1ou:~t 

OL de':Jris, ~lt::uc!c ~i:c: 3·co~T:.:J~1ic loc:i:~o:;. 

o:· :i~c cx1)~os:0n: :~1e~coro~0~·:c:i~ conCiL:o~:s, 
:;.nu 01hl'.r f~ctors. 1 ..;· :.:-, .:uu. ~,f_..,, i:u I\..J.c.iio-

:osica:ly ir:1portant nucEcics \\·l:ic!1 ~cco~~r.t 

ior :~1ost of tl~c extcr:12..l irraGiar:ion ~-~·0111 i:~~:

Ol~:: :nclude the g;:~rnn1:1.-c1-:1itte:·s zi:·cor:iun:-
0.5 ( h~lf-:iic, 9 \vccks), nioJii.::n-9.5 ~ :::..:~!" 

life, 5 \\'1.X~ks), and cc:siun1- l 3 7 ~ h:l.li-Ef12, 30 
vca:·s ',. The cl::c£ i:: :c:·:::::.tl I..'.~. _..._i::iure }1az;.:.nis 
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arc s:rontiuin-90 (hJ.l!-!ifc, :23 ye.:lrs~., ccs-
ium-l3i (b::.E-:Jc, 30 yc::..:-s:, io~ir.c-13~ 

11:a.1-;11e, S days·:, J.::.d cJ.::oon-H (::::.E-lire, 

5,i60 years). "7
• 

101 Of panic.:.:z.:: :;:;;:;c'.i~::·:c 

incdical slgnif:c:lncc are the l::i..z.:.rC.s o~ l:1-

1crn::dly dcposi~ed r:.ciiom:clicies frm:'. ;:ropo
sphcric ZLnd :>tr.:.~osphc:-:c £allout r3.r!:e:- tr-.. ~:: 

those fro1n !oc:tl or !1e.:..r-in =·.=..Eout. 
Stronth.:.1n .. SJ. The princip=i.l sct.::~cc or 

strontiuin-90 is dietary, tlirough in;cs~ion of 
circctly coma:ninatecl \'egeta1io::. a:1d 
through incor;)or::.tion of stron::ium-90 into 
!:~e food cl~.J.i~:~ bo:h pl~n: ~:' .. d a.:"' . ..ir~1~1. ~:- · 10s. 
'

00 In chilcfren, :-:-:ilk is consicen::d ar. i:npor
t:un source of strontiu.."11-90, a:1::ougi1 con
~al-.:-.:i::.: .. 1cC. pot: .. lJlc \\':ltcr r~-:.~y con:.r:Outc ~-~cl

(::::0:1:.l :uno:..~:--..~.) 01- t~~c r~c.liont:.ciiC.1..:.;• 7 ~T'l1c 

di~tribL!rlon of :he r.J.c~ionuclidc in 1hc boc:y 
.:.·o::,~\vs i..!'I.~ n--..ct~bo:~c p~L.L1s oi c:tlciun1. 1

: 1 , n:.: 

·~·l1c hi~·~1 ·~:lJ.r::..u\Tr ~-2.tc of rr:i:lcr::i:s in l~1c 

bun~s of ir-~:a::rs ~r:d ch:lcl:·e:: u:-~2c:- 2 ye:1rs 
oi .:!ge is !)rcs1..:11~ec ro lead to ra?id equ:E
bi·:i.t:!on oi the bo:-.c mi::cr:i!s and consc
cuc:-.t!v to c:::iio:·rn. de:>osition of strontium-
90 d1roug·::om r::c skcleton.-' 7

• 
113 A yearly 

rc?:~ccmc:-11 c:· 30 to 70 pc:~ c~ne or more 
o:· 'cc.nc ;;.:i:-.c:·:.~ 1.:.:is been esti:natcd dur:::g 
~ .. :.c ::rst ~:~d ~Lco;:-.. d ye~rs of liie.~:. 1 .. ~ In L~1e 

~.\..~H~~ 2.0 to 3.5 pc~~ ccn: of bone c~lcit.:m 

i~ ~·L·~)I~cc~ :..:-.:1uJ.~ly.:.:-, :.:.-i The bones oi still

L~Jr;J. fct;..~scs :i:1d oi :Jc\vborn infants h:i.ve a 

lm,·c:- stro:-,~ic;m. 'c:;lcium r:uio at~riouted to 
G;~c:-:m1n::..u0:: by ,];e pbccnta which favors 
Cy ~ [;:;.c:or ol 2 ::1c lJ~:->sJ.gc of ca1c:um over 
..)l.:·o::~:un1 :·rom mother to fetus.::;•, 113 :vlct.::..

bv:~c discri:nin~:nion benvee:i strontium a!:d 
c:i'.c:-..::n does not become est:i.b!i.shec'. unrii 
tl:c ::.ecor.d yc:.r 01- !i;'c, 11 ~· 11

" the "obser\'ed 
r:.:;cs" of strn:-.ti;.i:1: ;:nd calciun: in bone to 
t::osc in t::e ci:c;t being :i.bot.:t 0.8 at 2 to 3 
r:~o:-.. tl:.s 0£ z..g·c, less :}1~n 0.-7 :i.t 9 to lO 

\:;.cult r:itio) ·) 

ye; .. rs. ~: I:;. l 960, d;.e n~e.:in co:1CCrltr:.;..L~on 0£ 
sLront:t:::;.-S{i ~ :i.s pCi p~r Gr:i. c.::..lci~.i::: :, i:i 

bo::l!S o:· subj~c:s of a: .. =rere:1t a3·es i:i Xe\\' 
Yor:: Cicy were: 6.81 in infar.:s, 9.3-l- at 1 
ye::.r oi as·c, 5.03 at 2 years, 3.-tl at 3 yc:irs, 
2.·+ 1 in cl:ild~-e:-1 fron1 5 to l 9 yca:-s, ~:1d 1.55 
in ~du its O\·cr l 9 ye~rs of ~ge. 5 ~· :ic. T}1e 

his·l:er cor.ccntr::.tion in the bones oi chi!c:·c::. 
is re:J.ted :iot o:lly to hi~her :::ilk consur::.?-

Efjccts of zonz:;zn,;; radiation 
,-. ,.. -
0 0 .J 

~4v .. .- bc.t 2.~S.J LO gre:.~cr C.cpOSl~:Cn Of s~·:to lr1 

i:}-:;.~;:- s·i:"o\vin,:;· ;;ones. 
Je::-.g ~ ~c:~ e:-::it::e!·, ~l:e ~sctop~ ~ocs r:~ ~ 

cor .. ::·~bu:e signi:.c:..:n.:y to l~~ gcr:c::c dose; 
the efTcc: is loc~~izcd a:i::.."..on1~c::.:ly \\·l:cre it 
• ., ' - • ' • - r.. 
1s :-e~?c=--4~1o~e 1or ~:1 esl:::-l~tcc. .JV ?Cr ce:n: 
o~ ~i~~ ITi~rro\v dose and 80 ?Cr c~r;: of the 
bvne Cos~. ::uG 1 .. he! poti:!:ni31 d.:ngcr f rorn 
scron:ic.:1•1-90 is assu~cd to be ti1e dc\·c~op

rner.t of os:eogcr.ic s:i.rcoma anci pcssibly leu
ke:-nia. A):hough the behavior cf s::-omium-
90 has been exarrjned on ecc'.ogical and 
r2..diop!-iysics b:l.Scs,;.•, 11 ·1, 11 ~· i:,:, ::~e .:-::~~·ni

tuC.:e o~- the biolcg:cal ris\ re:"~-i::,s :o be de
tc1-:-x1::~cd H; :t r:i~hcr h:~h r:::L·sl:o1G c:o~..: of 
\\'t~~ ;:ibovc 20 r:;.c~~ ;:u~c! :):·c:x:·;.~:y Le:.:·~:- 1,000 

r'-tds hJ.s bLc:-.:. st:ggcs:LG le:: Cv~L ~~:Tc.1r:~L

gc::csis r~:o:~-:. r;::-,..Jit~:n cicposit:o:i.. 1 ;:,, ::::u 

c~s;:..:::l-J3i. Cc.::;it.::11-137 is ;}Oi LxcC.: ::: t!1e 

boJy J::ci i!.~ dis::·iQ~:ior: is co:1~:C:L:·2C: ~o be 
u~:1-o:::~. --ri:..c ::J.c::ibolic OcL:Ztvior oi ccs:~:!l1-

137 r~se:r:.bles tl' .. at of ~Ot2..ssi'--.:.!::. l: is ~~~::i:d:y 
aOsorOed iro1n t!:c ir .. tes:i:--.. .J.l tr~c: ~~c. :s dis

::-ibuteC.: t:nifonnly i:: the so:·.-. tissues. The 
biologic::i.l ha2f-;i1-e oi ccsiu:l: in chi.cire:1 has 
bcc:-i rerior:cci in two ~Iuciics rn be J.bout 
++ anc'. 38 G:.ys abc;.it l CC d:: ys in 
~d c.: :s.:.' · 1

:.::. 1--11e 1110:-c r:J.FlC tur::.·J\·c:-- p.:!.!·
::::.~~y 2.CCOL.::.t.s io~4 tLc r:..t:o oi ct:si1..;.::-:-13 7/ 
pc~z..ssium bl!i:£::( . .J\\·Lr in cl:i:C.:-;:!1 thJ.r .. i:J 
J.c!t..dts. Obsc:4 \·cd lc\·els of ccsiur:· .. -137 ir;. rna:i 
wen: two to four ti1:1es higl:c:· in hrP 1 Gn'.'. 

th~n t~;e =iver~3;c lc\·~ls ir.. l95l.·>: The aO
sor;J~ion 0£ t~1i~; chen1:c:il by ~l:J.~1~ rcv .. s i.:: 
poor, so Il;.2'.t t11e c:::ry oi the nuclic~c intc 
the [uvd c::~:n Lirgcly dcpc::ds oz: ir:~·cstior: 

Dy a~im~ls o~ food cor:t~rnirl.J.ted by ciirect 

G(;IJOSitioY-... ~ :::k J.nd r;::c::it :ire :he g;re.J.tcs: 
cvn::·:::nno~·.s to h'i.~!Y~:.:~1 c.:e:.:.ry i:::~ke.:.; 

L.::i:·~(; ~ge v::..ri:i.tio:--.. s :n boCy bur.::ic::s of this 

:--.. ~c!i~c ::Q..vc nor been no:ee, p:i..r:ic:u!J.rly 
\\·:1~:-1 r~l~t~C ~o l~::..:: DcG.y rnJ..ss or tc po-

!:i\·;:;ly sl:o:~:.-E\·cd zi!·cor:.ium-95, ::iob:u:-:1-95, 
:i.:--~c! E~-L:.1 .;.u (h~:i-:i~·e~13 C.::ys:., ccsil.!1-Y:-:37, 
\\·~:ic:1 g-i\'c.s cl1 gJ.r~:~J.. r~ ys, cor: r~·:inn~s :i..,;;, 

csti::1J.~eci 90 pc:r ccm of ,;:e \\'Le.it: boC.y and 
gcn~:.:c dc~c fro::--. ~·;,::..lloc.t. 10 1.J 

:v~:!!~-1s:. IoC.in~-131: \vid1 :i ~::: .. ::·-E:·e 7 
to 8 C:~ys, is ~ spec:~: }:.:.z:.rd on:y d~r:r .. g the 
r::-s: fev·.· \\·~ek.:i io!lo\\·i~~3· eY-.. \'ito:::1"!t:nt.::d co:i-
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t.~~11in.J.~ion. 1 :!t1· 1 :! 3 Food: chi~:'":y n:::k :lr..~ 1:s 

fresh proc:~~c:.s i:: cl~:lCtcn: ?to\·iGc::i e:-l ~:·y 
i:-:to the bc.::.l\· \\·hc:·c ~l:c :1t!c:i2c.: cc:;cc.::::·.:..:~s 
ni the tl-: y:·oicl g1ancl. ~ :-, ::.:::- · i:,v .. -\iJo;.i t 5 tc : 0 

per ccn~ of ihc I 131 i!1;~!-Jtcd Oy CO\\'S ~.c..:::-i 

i:;.to ti1cir Ini~~- I:: is rjc:cd 1:;:. l~ lo;· :Le s~~~-::c 
r::i1k con~u:-:1p:lon, r1-~e li:yroid 3::1Ed of c~::> 
d:·en co:1ccr:tr:-..tcs 1-:-' .. :Jch xore iodi:-.. c :.l:~n 

that ci acults. 
:Fe:al thyroids co:-it~:n n1orc iodi:!c-: ~: 

than :n~:crn~1 thyroid glands on a per 3T~:n 
\\'eig!:t b~sis.~: · 131 T:'"'!c most c:-itica] ::ge in 

pcstr:.::nal Efc ;n regard to dos:lgc has beer: 
csti:~"!~tcd :o be bL:\\·cen 6 l~~on~hs ~I:C.: 2 
ye2.rs of a,S"c.::. 1

:.; 1 Tl1YroiC. cio~cs iro::i :·~i:-

2:..C. -~--: C: :..nd 2 l rniLiracis fc1~ 106:, 1062: 
~nd 10t)~~, rc~:)\•cti\·c:y.~ 7 E\·;'.l:L!:it:or.~ o;- l~~e 

. . ' 
i..~!Vl\..1~ ....... c~r-

c:::.ogL~n\::.ii;-, L:~\·c been n1adc on c~in~c~l ~::C. 

epidc~niolo.~ic~l d:it.:t fro~n IJOj)tJ~ .. tioGs v.:~~h 

kn0\\'I'... ex~crn~d irr:J.cli:it:on by doses in ~he 
ther:.lpeu;,ic r::.:-:gc (.30 r w 5,0CO r;yc-i:.o 

Cn.:C:c :·:s'.,;. cs;,:m:ncs fo.- thyroic c::.rc:r:o
gc.::-lc:.i~::>: ~:.:.scd 0~1 ~ ... Yc:·~gc iolLO\\"-UI) ~i~:1e oE 
16 Ye~:·~ ~::d t~:o·._~2·!:L to be Ya~iC ior :.cu~e 

r;:.:-:.~·~ Oi.- lCO LO 3CQ :-oe!l.tg-i.:ns~::;: ha\'C l)c~n 

ca~c· .. ~:~:cci Io c.~ 0.3 to 1.6 c~scs pc:~ l cc cx
posc.:d }")O:)Ld:i.:io:: per ye:..r per roc:i:gc::. :.-: 
A risk esti:n::.;,c oi l1:gn .magnin:de (3.5 ;:ic:· 

: c·· J.Ji.::· :·~:c: ~bo l::is bce:1 c~ri\-c2 .1 :.;.; ~\.~

pvrLJ cone~~·:--~::-.. ~· associ~tio:-.. of :odi::c- ~ 31 
a:-id in:.:i:;·n~nt tt:n:o~·s of tl1c thyro:d c..rc 

scZlrcc.'~ 0 · ;.:,; '"fl~e ri:::ik of thvrcid c~•1cer .fro::1. 
imcr:-.~J exposure to r;:;.C.ioiocEnc has ccc:-1 
esri:11~tcC to be 0:1c-tcr .. th th~t fro1n ~XLc;·:;.:-.,1 

x-ir:·aci:iriot,. 1 ;;~ Ti1c s1:osc:rncion c:· r::.c.:u
ioGinc-~·n.~c n~i~:~ ~ c~n:1cd or sliipp~U i~~::~.~' 

:i.r~cl tl:c lccC..:ing u[ ~tored l.cL<l ~o c~tt:L ll..~1xc 

i:-ig- ~ig·cI:ts (st~ci: a:::i ioC:idt.!'.:l_, pcrcL:o~·~G.\.!~, :..~1~C. 

thiour~cii) hJ.s bce!1 srLic!ied ~~ :t coL~:J.r~c:·-
l. , , •. l' 

.n1~~J1 r~u.:01ou1r:c cor.-

Oc;oUc:r 1005 

::::J..t 1ron1 c.1..rbo:i-: ~; ..... ·~ c.oses fror .. 1 \\·l::ch 
z..:·c c~c::,·crcc! ::i.t cx~rc:-::c>: :o,\· :·~1..cs o\·cr :.. 
\·c:·y ~o~~_.;;: i)c:·:vd o~· :::·c.c. 1 i'·' C.::..riJo;-.- ~ + is 
-:-::r~S<....'.!it '-tl:rlOSI e::(c:usi\·ely ::..s cc~.;)-;" Testing 

:::. 2Sol anci 196'.2 h:i.s causeci a threefold i'1-
c:·c:::st.: ;:: c2..rCo::.-l-4: ir.. tl:c: Ci:"!' t::·c::.: carbon 
:·c::-icr\·oirs .:sn::uos~}-... cn.;: ... --~:J: .. c:-e, s-..~r

~-::.cc oce.:::;.s; C.ce? occ~ns :: . .:;-:- .. ·• ~c:.:..: excess. 

l~:'.s been p:-ec::c~ed :n 196-c or 1 gi,;.:;. "The 
;.:;\·el wi:l dien fall to :.omc 6G per cc::n in 
sc-\·c:n o:- eight ye::r;' fr:~.::. Between 19i0 
~:;.d 20-+0~ ~l1c lcYcl \\·ill g:·:.:..duaEy f~:l to 
so~:c .J per cc!:t ~:J.C.. \\·:~.i. tc:-1.--.::ii:: Gelo,\· :.~1:s 

:c\·cl \\'h~:L• ~~:C CXCCSS (: 1 -~ \\·::i cJ.cc;,:y L~d:o-
,.., ' .. 
\.......:::.roun- J-: 

' ·~ ' " I i..u1..., .. ~ 

dc:::ic r.~1at \\·it be ch.~:i\·ereci :::.s J.~: ~\·cr~-...~.;c for 
the \\·orlcl poi)t..d~~io!"' .. ~ i.O the rclc\'2...:1( i!:--,::;ucs 

c:l~!·in~· tl:2 cou::)lcte dee::,\· oi r:id:o-:;.c:i\·c 
rr.J..tc..:ti~.J i:1troduccC ::-.to t~;,c ~::\·11·or..:1:c:--.~., ... 

l~~1c r ... ·Liti\·c :-isl\..s f:·o::1 :·J.l:oll~ r~cE.:i::o:: 

f~-0~1: tests c:-trricC out bciol·c i903 !1~\·e bcc:i 
L"X~)1-esscd ir: tcr:n:> ol tl;,c :)c~·~od oi Ii~1:c C l~r
i::~· \\·hicL n::..1u:·.:.I :·:..di~:.Livn \\'Vt!lc: ~:~:.\·c· 1..c 

con1:ni~;:1c:-L~."' C;;..:c:..d: .. tL:d 'n this \\'Z'..Y~ ~.le 

>~rioJs cqu~l ap:J~~oxi:n~i.c!y 9 1;1or:.~:.~ ior 
-:.::c .~on~cls~ 3'.2 inor:~~:s .fo~· cc.:~l:-, lin!n,~· :;;,~ 

iJo~:l· suriJ.Lcs, 4:1c1 20 rr:o~:~i:~ ~-or Lla.: iJ01:L: 

1!1a:·1·0\\"_;,; 

r: .. ~:c EkcE11ol)(l O!. c:l'.\'Clo:):n,~· c~:~ccr ~1:.; 

rl::.i~d~ ci c:L·o~1ic i~~!vt~:: r:.L~:~L;ur: fro~n 
' . Dec::. ~~::-

11
"' TJL~r:::_~ tbc :-::ex~ 7~:. \\~~~L) it is cx>...:c:i:;c~ 

Li~~~ ... ~>.·0,CJQ J.JC:':-,~ •. •H (:~\"L!OD le:..:: ... c:~~::-:. 
:tGLl l ~io~ooo Lon~ c:~.1cc:·. Of t!:L;o.,~. rl:c ,~s~i

::-...aLC:d nL~!1:uc:· of c~~cs c~u:.icG by !!~lL:r:..:.~ 

::~(.:i:J.t~vn ~t!'L 0 to 0-1-,CCO ~·or k·t:kc1ni~1 ar.d 
0 to 1-i-,COO for bo:ic: c::-.nccr. Tb.; cst:r::::arc:c 
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~t-

·~:·:b1~LilJ:e to I~~!oL:t r:lcE:.:ion :ire: C ~o 2~COG 
~o:- lcL~~'c::::J. ::.nd G to 70J for bone c:::.~i.cer. 

C)n I l ~~ L:.1s1s of t.i1~sc c~lct~::..1 io;is. the ri:-.,:-: 
o:· a!"'!.y inc.~i,·ic.:\.:.J.l Cc\·elo::;::-ig c:..ri.c~:· a;") the 
n:sul: oi fa'.:ou;: ;-ac::arion is 0 :o 1 lOC,CCO 
~or lc:.lkcrni~ z..ncl G to 1/3C0,C~J io:.· bo11e 
ca:-.ccr. 

T1-:c cxis tc:1cc of pmcr.tial haza;-ds dc

:::~ncls considcratio:1 of courncrn1e:i.surcs. In 

rc::.:io:1 to this question, the ::\a::ona'. Ad
\·!~ory Co~~:.:nl ·.:~cc o:i H .. :tdi~tion ( X :\ COJ(: 
h:is :.C.\-:;"):.:c! tl!~ ~\·oicl:J.ncc of indLpc:-:dent 
counL ... -'L:~c.Jsurc ~ction.: ;: ... :\-ot in.i.-.:.:<..:qL~cntly_, 

~ucl: ::lcticn i:1\·oh·e~ :l~c use of counrer-

1n.c:i ..... :..:rc~ \\·Lich :ire ;,v.;sociJted \\·id: risks :J.})

;xo:ic11in::; o:- cxccccI:;;g· ;.ho,;.: of tin.: co:i-
1:i:i:1i:-:::.nt. OI:.~!:. sue~: ac;._lon is -incETcc~i~:c in 

rc:1ci1i:1g Ll:e objccci\·c ~OL:.c;!n. To :;.\·oid i.licsc 

~:;Jd sin1i!2..~· problcr::1s, n.~co::J.nlcr:cl.J.:ions on 

cour:tcnnc:i~urcs n1u:-,:: be pron1u!g·z..tcd fro:n 

a s~r:,~)c aut::oriLy, actiDg .:i£tcr full cv:i..h.!2..
tion oi ti1e diccti\·cncss, ~aicty, and fcas:bil
ity oi the n:casi..;rcs to be tal,cn."1-1 1 

~c\DI:\ TIOX I'::oT2CT:ox 
.ST.\X-;)A:t.JS 

.-\ino::3:' tiic r~co:1::~lencL1tio~:s ior:r;.'...!l:..::cd 
fo:· :J:·otecrior: frorn exposure, p.1.rtic;._d~rly 

occt:p.1 ~io:"l:ll~ ~o ior..izing r;idiation 2.re d:osc 
from t::rcc q~t:,iif.cc bodies: Ir.rern;:;.::onal 
Con1:Y .. i;:,~ion or-.. ~\.J..c:ioio~ic~l ?!·otection 

· ICRP;, .\. :.r:o::al Con;::1it :cc 0:1 :bc!a::on 
Protec-..ion 1, .:\ClZP, , ~nC :he FeclctJ.1 l(::iGi2..
tion Cou:~cil , ~~ZC ~J. EJ.c:-i gToup ir..c~~des 

rccof;·:1izcd J.l!:~:oriti~s in :·~Ci~rio:: J.nci i:-1 
l:.cJ.lu: physics. :c; 3 • :.tiu, i.a:.:-i...:; .. -\ld1ou.gh v~ried 
. . . . . , .. . . ,.. 
i:::.er1):·.:;:at~on Oi l~:c ::-.. :c:1t ~nc .. 1:r.11:-.:10!1s 01 

t>..t: rcc:o:nn.h:nC..:itio::s c:z.n occ1~i'. ius, 1vJ, ;.~.:i. ;..1G 

these :)~·act:c~~: ind !"t::::.sonz..b:c lir!iits to ~:-l:ni

::::zc tI:c };,~;.z~rG:-i o~· expos;..:.rc to r;lC.:~uon 

se:·\·e as l.!S.;iu~ gu~:::cs . 
.-f~:e Ir;.ter:::--~tion::i~ Cor::.~:J.:~sio:-: or: rz~Gi:..-

t!o:-: Protc:c:io:1 I CR P was cst;:;.b:isi1ed in 
1023 Uy rht: s~cor .. G Inrcrn:J.::ion:."!.1 Co:i..gre~s 

or" R:ul:oio:.t)·· ~ _..; I ~s latc~t reco1::1n~nd:=.nions, 

l'\,;\·isccl ir.. 1062, \Vere pt:b!:shcd in 196~~.;. .. : 
'Tl:c ICR.:2 hJ.s ir,troG~~ccC the tc:·1~ .. ?cr

rni~;):b1c dose" \\'::~(:;: ior ~TJ. ir.di\·idu~l 11.J.s 

~ ~ ~ ..... ......... . . ~ 

..:. ~..:;~L ..... ~ JC.:-:c co::-..~:~rr.c::~ l:·o;:: nLi.c:..::~.::-

G'un:...dJ 

5;~~1rt-:ivcd !:L.C~:C.c~ 
·Cesic.;;-i-::;; 
C..icbon-1-r 

C c!L linir:g bone 

S~-::ort-li\-cd r:.'.lclidcs 
Ccs~urn- ~ :.'. 7 
Srro:i:iu:;i-90 
C:.rioon-1 ~-

Bone 11zc.rro:_ . .) 

S:;.o:·i.-.i\·C~ il~dici.cs 

CLs: ~;::1- ~ :i 7 
S:~·o:::::uI!-::-90 

C:.r:,on-J-;. 

T0::.i 

',Dose conunit111cnt 
( rnrru/) 

76 

21 

~57 

1 -,, 

10.J 

over ~ .. lor:g ~Jc:·ioc! of t1:::c or rcsl.!l Li:-.. g : :-or::: 
a si:iglc cxpos~1rc., \\·hicL., ir" :l:e ligi1-.: of 
p:·es~::r ~.;:r.o\vled!{e_, C<lrrics .:!. :-ic:g:i~ible !J:·ob

'.:z.bili~v of sc\·L'.:·c: so.t:iat:c ot~ gcnc::c :r-.. -
juric'.\.~'1,;:-

"".f~:c ::~2.x::~a.::11 l)c:·::1~ss:blc c...O.\C , ~~_:-.. .:_) '. 

tvr ~;:y iz~c~i\·~Cu:.i r..GL occ-._.:.::-i~ .. :or-..:..l::~: LX

po'.\C~ l1:i.~ bee::. sc: ::..t 0 . .5 rc1:-.. i)Cr ye~r lo :::~c 

gor.:..Cs ;:::d tl:e blooG ... ior:-ning c~·3·:~r.s,: ;-;- i:~ 

adci:::o:-i to n:.it:.i;·al bacl:;,;-roLir.c ?lt:s :::c: 

lO\\·c.:~-.: :J:·:lc::icab:c co:::ribL:Lior~ :':·0::1 ~~1..:C:c::.l 

C-X}'JO'.\t:rc . .!.~ \\·~s ~t!~8:'~~Icc: :.n~ .. t ::~l~ ~:.:.:-.. x~

::1u:l: 2L:·::-:is~iol~ gc::c::c dcse :.o t:1c \\-Lole 

:)GI-Yl~::l:.io:-1 s:1ou1C. nor cxct:r...:C: 5 :\::~1s tc ~3·c 
SC ye~~rs. ICR2 i:J.s :i:so rc:cor!'..~::c.::--.. G.cci y;:4>._~2s 
ior :r .. :::.xi:-::..~::: pt::·:::issib:c boC.\· ~L::·cic:-J. o: 
., ..... or(.: t!1~:-i 230 LJ.ci!o:it.:cliC.cs, ~:l:d i::.::.x:;-..1.:-u 
?cr::1i~:-;;O:i2 co::c2::tr~:lo~1:-; : :vI.?C: oi d:e~~ 
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