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'-”P_‘ono 7ing 13 the transatlan of za artleleo by Yu. I.
sogkalev in tho Russian-lasguage paorlolleal Maditsin~
seava Radiolaziva (Msdieed Radioloyr), Vol 7, ilo 3, iog-
covw, Jugust 1952, pages 91-97.]

In onder to astablish prraissible levels forr the ingesilon of
ralloactive 1isotoses in the orzmisn, an uaderstrading of gencral lass
of biological activity lov small foniziag rrdiation doses i3 azcessary.
Amonyg tha besie focl of radledlology, an lisordant placs is cceunlad Ly
problous of tharcahold, swmation, restorsiton, ecumensatisa, nnd ridlo-
sonstiivity in thelr varlous aspescts. a understanling of iaws goveras-
iaz disteibution, accumulation, nnd ramoval of ridioactive 1sotopes Sron
the orgraism in relutlon to the vhytha of their Inzastion = is maothar,
but no lcsa imporiaat, aspeet of tials gnostlion, ~——

In this article we wish o exaalins possibllitics of expsrims . 1
bases for peralssible maximums in the contzat wid ianzastion lavels «
radloactive 1zotopas fa the human ofyhn¥ia, kil nuing eceteosarcom _a-
nig =nd leukemogonie ccticm of r-dioretivy izotosss as & eriterion for
longevi{ye « -~

Tho high enaryy leovel .o lrrallsilon, sigalfleaat™ys aresedlag that
of chcnlical t1les, makus the Nocothenis hizlly lively that =hcrs is no
taresihiold Tor the actica o isulzling mdlatim in initlal ~hanres in any
stracture of tho organism on 1 lolscular level, It docs ol T2llov, how-
evur, that roactions al otiu: lovels also tave no tirashold. Sxpaviaen-
) evideacs on the blolo it .1 acilvity ol various aspects of Lonlzing
rdliatlion, izcludling radiovacilve iszoton:zs, 1s sufliclently conviaeinz on
this score.

Iz resolving the problea of the thurashold ¢r non-threshold nature
0o tho reactlon, data conceraing tho fora of tad doso~affect curva ars
nighly significant. : :

Figurs 1 preseats dats charzetmciziag the dogrea of dacraiase 1Ia

g natural life span of rata in-relation 20 tho amouat of Sr%3 induced
into the addoninal cavity. Te see that, according to the criterica of
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" @czrremnc.;s betrecn the death rates for control and expsrimental

11°3 spn duration, the action of S50 -3 o throshold charseizi. Mnte-

lozous rci\}l‘:s mare o‘u*’n}nad %lih other ralionetivs isotows, =1 rfor in-

gtance Co *"', 03137, Bal40 gang othors. Thore c¢xists a very »ids cozaga

diapugon which does not affact tio Llengovity of expardzantal rats. %ha

maximal Sr/V dosage that is incllecidve for rats, sccordinz’to ths eri-

.tordun of longevity, is 25-50 se/kxy; and for mice (according 4o the.data
. Of Mo PINKoL'Y ~— 44 e/ig0 '

Flgure 1. Tac avserage decrctes in the 1ife span of rats (in
porcentages to control) ia relation to ths quantity
of intra-abdominal induction of s, ‘
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Legond: Tha stﬂpea ares — death rate for coatiol anirals’
wita reliability intervals for P = 0.05.

Ve ara acquiring exporinenssl dada providing ovidoncs that, at
sn1ll quantities of radlosctiva subat-meas, the averege 1ife gyna o
exporimantal animals incrsagsez.. For Instanen, an 1atuction or Sro9 2n
quantities of 1-5 per rad, the expacimental snipals ini4iAdly dze o°f
more slowly thar tho control animls. Ip 500 days, 36.53 of tho e3a
trol aaimals died, while on induetion of 1, 2, and 5 tcthe eorcasndnt-
ing perointazes woro 25.8;, 30.9, and 17,75, Tho avarace ife apan of
fomale rats in exgarimental grouss was 530, _536, and 585 days; waile in
the control — 506 days. Analogous resultz wore obtained with Colhh. In
parontorid inductlion of this isolone in guantities of 1, 2,5, exd 20 ,
by tho 450th day there dfed 7.9, 77 13.2, nad 2,87 of malo pada and
14.3, 12.2, 17.9, ad 17.1% of fouale rats. In tho coantrol groun, foo
tha sane tine interwil 21.4% male rats and 28.6% feinzle rats diad. The
Are Tellable, Radiaiion levels for the anincls at tha Guantities of g:’-“
wore comparatively lom. The avarage daily dosage sirength on induetion

L




of 1-5 Colib ws 8.80=0./ w1lflur, ol i bune tlssus 1.3-3.2 r23/lev.
.no,a.vcr:-;;c .!.:'r:..f.;l."-.:...m Cane, ccenniaisd durling Yhae 1ife srnaa, was 0.G3-
0.15 krad, and ia viae onve == 0.50-5.5 “wnde e Tiuxeils voseareh
als0 enphasiaes Uhe lerg, Ln countcizea with sdzgitnte contool, 1ifs aman
of ntea subJoetad to snall camasitlis oo a9, USI2, aad 2¢R10, )
Ty are Jwolliny Ia sorc deintt on Auls dala

Y
vincal that Ln evaluxiiag npoinl3sl033 1wl of ¢ a% acd lagastlon of -
saltonetive Lsotones in tha crganlan 2% Lo aporesriale 10 uso nod Just
cay ewactlon of the orginiss 19 fmdizulan, vub only thoso “hich che~
ractorine the Infurious achism of »alizilen. 0O ccoursa, as a rozult of
e fach that under osaditicas of woloni celtion ol low rzdiation le-—..
vols averags life sran Lnerzzsd is pocsibla, Tis eausas of fonlh ean sig-
-yemea® LS . - BANR] P

afficantly diffor o1 those la the coatmil z-omutullci, T NS Slaasciavu
wo are f2ced wiith the dALficalid orodlean consarvalag wilich daviations fron
Tths noca® in coaditlons of eontinucus. radiitli-n can be tilen inlo ac-
couns in tho ovaluatlon of harnlul effects ol szall dosage radiation.

In the evaluaticn of the Litjurices action ol radiouzctive 1solopes,
tho data characterizing their biastosogzsnic activily is vory similicant.
One of tho riost dangerous of the wradiozctive isotopes In tho prolassioaal
senso 1s Sr79. Expariment shoss that thils radloactive isotone eliclis
in animals (nice, rats, rabbils, dogs) the appearaice of tuzors of the
bois, and hemopoietic and endoering sysicis. CQuaniliatlive éata, doscil-
bing tho appearance of these tumors in relaticn to the quantity ol indu-
ced achivity, do not have a llacar character. Los? Proquently 5150 pro-
ducas bone tissuo tusors in animsls. Tals ‘ype of tumor rerction ks
bosn studied in more detail and can te grantiltatively deseribed. Figurs
2 shous the Wthreshold? naZura of tho iulicatud eflect, in auy cass fo
tha limistod population of expariaentsl zrnimals eacompaasing lwwudrels of
aaimels nor dose. Oa afingle parsatarial industlion o tho isotopo, the
uininal ostzosarcomogonie dose 13 within linits of 25-50 /e, Accord-

“ing o onr avldcnca, on single naventseizil fuduetion of rats with SreY,;

the iacffectlve quantlfy in relation to outrosircosa ls 5-50 ez accor-
ding to . Pinkel's mlce oxperizuatis, 1Y 13 L4 ac/ig. I we suppose thad
a similar ratio is true i1 naa, thca &lleoddng for dillevendas ia lifs span,
singls parenterial inducilon of S190 n guantitites of 10-103 Lic should

not affect the natural 1life span in wan nor incrsase the incidence of

bone tissue tumors.
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Figare 2. Tho fregueasy of csiooszressa 2 nalo ~nd feanls
rat3 in relacion to the gucatity of inira~atdoni-
nally incuced Sy59, :
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The cotion of Sr™ oftan produces leix'cqaos. The 3roblen of
vhetaor this is a threshold or nen-tirsashold raactlon 2a3 not yat deea
resolved, Rats develop lou':oses signilicantly more rarely than sarce-

" mags under the action of 8r9. On incueing Sv0 in quantities of 50-

250 pe/kg, the frquancy of lsukoscs increases 2-4 timas in comparicon

[ with the control. The relation of loukoces incidinca to the quaatily
. of parontirial rat induction of Sr® is illustrated in Tizuve 3. Tho
" data in this figure indicato tha absonso of a lineav relationshi) et~

0.27 krod in their bone marrow during their lifetine.

" ween the quantity of induced 8r%) and the fresvency of leuosas. The

shape of the curve is evidince of the necassity lor oxcailding thrashold
dosapos- in producing leukoses. In Sr°V inductlan ia quantities of

5 us/ke, leukoses ave encountered in the sams Iroguenyy in exparimnt.\l.

in one rat out of 83, surviviag 200 days, or 1.'.«:;'3) axd coatiol rats
in 6 out of 337, or 1.3%). .These rats sustsin an irrediation dose of
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Figare 3. Ths avoragze 2ife c3m ol vals da relation to
the Ingevbdlon riysin azd Sx99 dosagu.
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According vo the iInfluenco of radloactive isotopes on the 1ifa
span and the appesrance of -twnors ix ths hoiopolotic tissue end bere,
the action of Sr% and otuer osvicuropic izotones Las & throshold cha-
racler, Tals provides a basis for Juture comsidurailon of tho prodlea
of peruilssiblo lovels of content aad ingaclion for vedloactive iso-
topes ia the owrgandaa for a fewr peonls at 2easi,w0u0 work 13 rolated
to the utilization of radfeactiva isoloneas.

Beeanas of the slow rewmevw-l Jvoa the organian of {ho 2ajurious
action ol radioxctive isotopos,; cvon tholr afnzle fnsistlon Zulo tha or-
ganism contlauos over a very pooloszel nerdod; «id in “he cass of long-
iived radlcactive lsotopcs ~- over 2 full 1403 saan. It 1s therafors
very fupovtant to clarily tho .uestlea of tho ole of tho tina factor 4
in the iafnrious actlon of radfoneiiva isotopes, aud tho redationship
of thoir biologi.al activitr to %ua ngestion riytha of the orguniam.

A very complox ecorrelation ewists buliesn tho organlsals reastions
and ionlziag radiatlons action rhyrinn. A% the basis of the correlatioa
1lias o SilToring sonsitivily of soparats svssex “rd. organs %0 ire
vadlation, and Lholr varled capaeily for componsation, restoration, snd
suamation of Srveadintlon Iajury. Roestoratlve processes occur difforently
“a varfous systams of the organism, so that a decrease of dovage strength
ved bave wisqual sigaificanca for varlous sysicns. Ovarles have a very
wich seacilivity to loafziag irradlatlon and a very low reparaiivo capa-
V:¥e Ta aontrrat to amoiofotic orzans and the intestinal mucous me-

v 19, the ovaries show destructive changes of a single type on single
Ardsave,and :srolonged.'nctiono . o
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A couparative avaluntion of Tha netion of Spid,90 2vo 127 o
of rats in relation %o tha Zsotops facuation rhytis fndieates tmen s Son
sumnation of radinactive oitsets ;“u:i.; t a ;-' % .at..,:_;.};;o.p-e,a

. N e ke . )
days 8t 15se) of Highly efteeiine store doces (o su o (daily for 100
abdominally) of £°%,90 1a045 o e: s;i‘?‘:“ic'x:‘- d*é.;-m:‘(%;?l;a*ints‘;:i-

i » [ -t Brem ‘e ls L+ -, n
couparison with tha conix W8T 2L dzrs) o @ Y s (o
gouperison nith tha o L°llsn4vl§ z ?’ acy ? ol the 1ifo apea (Jvon 19 ¢

single izduetlicn to 1i0 = 20 ¢oyrs a% peolonzad ingostion). It Is

. duport\nt to emphaulzae that svch en atrunt decroace in tho offeciive ac~

tion of radiocactive Lsotozes on niotructed iangastion into tho orzanisnm
is observad only wider the breakdowa of hizily effective quantities. Oa
breakdom of acuts and curonie offsctlve fcotose quantities, diffovencos
in tha 1ife soan in relation to isoterns inzestion rhytasm ara loss aviecd
(Sao fizure 3). In later intorvals of tha cxpariient thers are similar
periphoral blood chanzes in the aninals, irvegariless of single or pro-
longed induction of tho indfcated quaatity of Sr99, '

It 13 of intarcst to avalunte the sipnliicance of dosazo ctrengta
in tho occuranas of istogenic actlon froum fonizing wadiation. An ana~
1y3is of oxporimentnl dats shows that, vndlor tho actlon of Sr'Q, tho in-
cidanoa of ogteosarcon aimmificanily depsuds on dosage strenzth (Pigurec
4) 8ce Notal . Titain 11uits of equal total doses (12.6-21 kead), de-
crensling dosare girangta by 20 tines produses 2 docrease of ostcosarcoua
incidonce by 10 %ti:es. Vaon the bone wmarrow accumilatos 12.6 Xrad for
30, 100, and 400 days, ostsosarconmes occur in 30; 8, 4, and 2.6 of tho
animals. 'ithin liwits of optixal ostscsarcomogonic dosas {47 krsd),
decronsing the imradiaticnal dosage strength by 3 times has 1it4do vref-
laction on tho total incidence of ostoosarcomas., .

( xotrj s Toxt of fontnote: Tae frequancy of ostonsavconas under
the given total irradiation dosapge wis not deternired Immcdiately after
the Liono marrow acourulated a corvesponding doso, but after the "letont®
poriod elapsed (200 days) necessavy Sov devalosnent of the tunor. Thus,
for examplo, at total doses of 16.8 krad accurmlatcd by the skeleton over
50 days, the ostesosarcoma frequoncy induecd ty thls desagae was detorained
on the 250th day, 1.o. after complotion of tho MlateniM pariodl.)

Figure 4. Tho ralation of the ingidonco of carconas in ats
. under tho action of Sr99 to iha stvongth and magni-
tude of the total irradiation doso ia bone tissua.
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Corresnanding o & e exrarinents on the Study o
the velatienshis betisen cuirent ale 807 asifen (Rusts zad Zarder,
2558) and 8299 (¥u. I. Yocialew) ta voisblon to the isotopa inzsstion rhy~
tan of the orzznisne In oz:r.cxpt:;-zzm s f'ou..uctad with V. M. 5% :al'tco-

vb, 4% wag et l.l‘w that 23 alusla &09Y aluaties (4n, oqni.l.. clwy with

) 2t guentitiss of 1C0 Le 2w way; O aaveenag devalop in 2673 on in-
duchinn of thz Indicated 7 i A 078 -~ In So/ﬁ, cnd on Tvracition-
el irluetion ad 2 wook intissals (Sor A0 ia uetlons) and one montha (5 in-
éuet’zazy . the rats €14 mo% Juvilop oxlioonivionais. Vo must stats thatl
the Mlabeat® sorled nzsezcavy Jor The divelepazat of osteosarcomas in-
cereases wAth a dosrcaced cuentity ¢l Irdased astivity.

~e
\) o

Theoe Sachs are oviiozcs that,uvnlir lou radicticn levels in stiue-

tures whero delstorisus cnvizos ars O\.C'Au.a.u. s TGUCCRtIvo procassss e
placcs “als means that radintion L o1 L3 Inceaplota. Undor the
acticn o.. rrdiztion, tine u....c.; .:.::: ..or Vive DICessSs3 ceeur mwich oTe
wod Wy ¥ wnder 3-—1‘:;‘-1«.’.1:-.":;2.0:1. Poe = ..'ﬁc, as.m »iing to the ovzorva-

ions ot e L.m qeld (X953), vader the webion of RaRR 226 o deeresse to 1/10ta

(1;::.1 80 %o 5 /i) of tha cmount of Lidvacd ifo..cna (in cxgerimonts
with mice) loads to a decwenso in lacidores of eciasaveoma frea &0 to |
35%, 1.0. 1t lescens to half. In the case of "u23‘7, on deercrae of the
ontical ostsosarcomorsnle dose foonr 3 o 0.3 ,[!cw tha frequsacy of ostco-
sarcona deerzased to 1S7 . Research on Pu??, conducted on rats by A.
M. Buhitoyarova and V. Re Lenderg, no, that undor & decreased quentily
of induced activity to 3./101.‘.1 {fvon 8.3 to 0.53 Ls/kg) tha fraquency of
osteccarcona  deey cases %o 40, Tasve i3 n ubiorly d‘.i'xe *2at corrolation
under %the actiocn of S~irradiation (m. I, Yosl:alev)s & dscicaze to 1/1Gth
of optimal csteosarconogenic cuantitics of S-~/3 ard chﬂ/* (fron 50-1,CC0
to 50-1CO M/kg) is associated with a dwrop in Srequenay of ssteosarcoma
to 3.3-2%, or to an oxdcr hizher than rador o-irradiziion. .
Tablo 1. Bene tunor Srequengy uaksr raveatarial indvetion

' of Pu 237 under vavio s :2.50 tezs inrestlon rhythns
(accowvaing to tho data £ due I, oskalev, L. A.
Buldakev, aad V. N. S'L- .1tsova)

Lo Paru biwzeuns .

" -

Koause | ' “ .
u3‘7°ﬂ STu0, .:Glltf O,Jlﬂu’ﬁﬂlo 33 :; “”‘: ' 33 .ca '.‘“.n ';;.‘::’ﬁ;.&:::.g 5“““@:5:‘:::‘ *
' 2. ! o+ ; s. : G ‘ i A l 18 wezean @
! Py I8 /s
Putd» 1,23 (:..: o) 4/.5(8 o 3745 (3,795% 18/ :a,m 9% /A 15N
SenpY | 0. ‘c Bgedy’ | . i‘x/m 39;); iettaadal Eybeet

Logend: 1. Incduciion iy t.fm. 2. Igotopo. 3¢ Quantitys o
singla 5. for 53 days 6. for 260 &uys 7. ;y :;/t:ec.\]: for
9 wooks €. once in 2 wacks for 18 sracks.

Notas the nunarator — tunor .raquc::cy 3 the denenitatos — the
quanticy of animals not surviving aftar tho 233ta day.
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In contrast to S '3, Hoe eulssiassciasaie actlisn ol ';’u239 i woL
too dozaudeat on tho ingss sren Yuy iy of g leotcpe Into tho cupaniii.
It wag showa that wndor Pu39 actlen Loz tuwers otcur both with sinm+lo
and prolenged ingaziicn ol o) Iustiis atcands (Dabla ). -
0r3 founs tho Improscica iad, waden avdlen e ‘inGucticn of 2ulsd,

bona tiisue turmors develop ovea sasnny more fveomeall s than uedar alasle

L3 R »

S
n

Induetion. Tow aurisle, after ol Jlo Zriuction of i) fa quaniitics |
of 1,25 o 20 s, tono tumdws Qovilozzdt An /24 of ths »a’3 vho &id aot
survivo alftes the 283th deyr; on Laduciica of thae cavs quaantitias fois

50 aad 1CJ dzys, 9 woclks (ence watdly) nd X2 weeks (onca avery two
woeks), bons iumors develeped corvasiiadinzlr in 3.9, 8.7; 13.9, snd
153, Slacs our data ara quantitativily s:.all, further caporimenis se-
coniing to tils plon ave nscassayy on & lavgsy sauple of enfuels, lovar-
tholess, rasulte ol cur researed paiwil our makiivg Uie cciaelusion that
tho froguancy of tono tumsrs on fractien:zd and proteacisd induction o

« Thesa daln ave evidence

-firradiatory does no%, in any case, deeraacs
that injury produced by l=-ivvadiators oro Joss well restored end bottew
sunmated wider protracted cgtion, The Lidicsted differcnces ia dlazic-
moganic activily of &~ and H-irvudiatora i: . sosatry factor to con-
ry

[P ¢}
‘.
o

»
{-:'k
3

sidor in attempis to oxtrapolate Ifron ¢
hunans. ,

Tigure 5. Tuo rolation of lenesys froguency o tho

quantity of indvccd Sp99.

Bong marrosr doce AT
926052 [} 223147 37 129

G UL e e e
/ 7. ] 1979
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Legend: Striped area -- lcukoses firaguency in"control wats.

In conirast {0 osteosarconas, the Jromunay of hamapolatic tissus
tuzora under Sr99 in ccadiiiona of protracicd aciion dces not dceraasa.
O Yha contiriry, 1% c¢2a even ba graater than in concentuated actions TFor
ounpls, al total dosas of 2.7 kred accunulated by bona mzivewr over 50
deya, lewcoses under S:%9 developed in 1% of tha rats; under accurulaticn
ol the indicated Gose for 200 and €00 days — in a corresponding 3.8 and

£) 5.5 of aninals. At totsl dose of 5.6 Xrad, loukoses .frequency ab accu-

aulated dosos for 50, 150, and 650 days was 2.5, 4.5 and 8.3 § (Figure 5).
e Best Avaiiehie Copy
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The dodr we Dive cnnnlnsd 1ol ve o tha cenclusien il vider
avoloas:d dngesticen of oAl qurnblilios of S2v9, £is wroB Litlyy of tha
cccurieans of culioscarediig Custorutn. w2 wistauee of o l:lialis
miipeshotdt dosa, nesianary Jov ko fllustleon of gsavecins cad (he ab-
mpd Goemsase fnothe Svoguiscy of tono Gnwors il desve scd desags
stiren:ths, provida o brsls fevr ha pioltlan Joalbed above, i sulsienco
of move ccaplax ccudivd Jou L

v g ~ ars®a - - L
.S Seouatenatd of laulionces, tas axistunca
2

-
-
. . e asyn . h ] .o - P 4
22O res ot s lon o Anfurics I Bons
o
[
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anemor calls az a ceascqueace of the sizallicautly longer lanina 1ide
span do not exelile the possitilily of the secwwveacs of =i reactlon
uader smaller SoP quentviiice than‘thoss fov rate. I is obvicus tans
Sutuce acowmaalation of exseeinental dota Ln nacscsgsary o rin-szolunt nl-
nizal leukcoorenic Coses and 1lu wrols of the tiug faclor Lu i picduce
tion of this roacilon. '

Lalzenogende vadiesetive feotoze caltion exmol Do i WVrad apard
from oitker rezciions of the cvzanfsu. IS wa uRe,as eueh on adiitlonsl

erltorion, the average Jils epaa ol +a%s dring froa leukosiso la tha €O
tvol and oxparimental groups, ihen foduction of ainiial 1 oicgenle
ouantities of Spvd {2.4e porr vail) yrelules Loukoses Ia 5 cal of 32 vnis
(6.1?3) . The averaze life span of irts with lculkicses wag 0L Qays and
was cven scacwhal lenger thoa I contwol anluals (338 &ays).

Toking SrYY es an exoiple, we will sionling weys of eawlating
cxperinental data fvom andmaiz to Wwmas, Tas owpavient l dula izdl-
cated above conceraing tha affect of SvvY ca {hs Lilo sp-. and en ths
occurrancs of tumors of the beus end Lenspalvtile systes €. Be uiilive
for the cvaluation of minimal povsdesible lovels of the i~ . .ition of
th;.a isotope by the hwren ovpaniune UWhay «wow thad slugh: » oealonde’
S827Y induction in l0zequantity dois ot o fead Laa natural 117g saom or
the freguency of bone tuuwora wnd laukescs L Uie human, o ovccosouputliag
experimentel data ficu aniuasls Lo Durans, ¢riung to the sl _illicant dll-
fervences in lenpevity, the quantity of g0 {zat 45 non-e“cuclve Jor
rats fcercases to 2.85%, This romns tuat o same decrstic 9lés for
tho irradiction dose strongih in tho vat’s orgene e re-ciloas (len-
gevily, btons tuzors) which ars vwell restovad and woakly gu.ciated undes
proiractszd action, trhis has grzal.ligorisaco as tie additleonal dilolo i~
cal coafficient of ruserve pleys a part heves Tor thoao ccaciions nisse

n

developzent is 1ittls alfected by decwrease of dosagu stre.;tna (lavikozes,

ovarien injuries), thic clrcumsisnce apparently wiil have “oas meaning.

The bonc lissue his a prolonged retaation nol cf &2 the stocutivs,
but only of a wortica of It. Aa anulysis of cata on ddotiitation ches
that rat bene b final ctagos ol tho enpprinint rotalwy 15-2C5 of the ine
duced So¥V,  Tae meximal pormisslible 5:%9 content in husan tones, thore=-
fore, chould ba L.5-2me. & slumllar nagnitude {(2.3uc) was odiaincd ia
ca.puting the maximal perzissible Sr% content in the huran Wody Wy ca-
pirical cquation. ) : C (') y :

f = . taly i
(1) po = 4.6 Rest Availabie LOP
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vhers fze is tha mrad ok movalisiblc conlent of onicetropic isolope in
tho hw.an skeloton; ¢ is he ¢iin-dl csieosarvcoaogenic irradiation dose

for rats (In wlevocutis v I e

Eawation (L) 2z duriwid Twon the cosparizon of clinieal and cxpe-
riaented investizniicns oa osisosarectorenie action of radiun.

Tablo 2.
- LS 2 .
[rs FISARNS I, ) L]
- ; CET S i e 1OPRHe 1 J 1NN T O RGNYCe
vipe S COANTUARNIE T TaMLE ¢ O ieDmianiig
$eTen i By Cpe | 360D B ERESOTE
b Lttt ¢ ivafieitity ¢ NEALTad, ACIE
! 0e, e :
.» ' . . N a
N H 0,5 I T
. : Yt 1,0 ) . 4.6
!’l;.“. ‘ .G 1'5
ot 1.6 4,0
v .40 14
Cpire . U9 ) 23
Pagtes 3,4 ! 15,8
Lated tu,3 a3 .
e R 0,3 0,623

Legends l. Ii:otopa .
T 2. optismal octecsaveansyganic ceatand on intia-
' peritonoal induction, u/g
- 3, maxinal pormissiblo isotope content ia the
hunan skeleton, w/g. ‘

Tablae 2 nrosents maszaitvdaes of wulial nevaiesidle coatents de-
} L™ N "s 4 A
rived from equation (1) for a rumbsr o icaetive isotopoes in the huen

[ ] N .
Tho nagaitudes ol miinal poraissible vadloccetive Isotopo contunt
thus fouad arae In corcespondencs with fubornaticaal recoimendations.

In ovaluating the waxinal peorulositlo 890 contaat 3n the Lume:
skoloton darived thravush otk metheds, Sneluding docinmyivy, taldng ialo
sccount the unecqual distriluiien of the Isolepo in tha tonc tissue and
S the differoncaes in Ihe2 magniindes of locel iinsue doscges conaccled with
. . “his, we obtain similar magnitudes (1.8-3.7.uc¢). Oa conducting corres-

- ponding ceuputaticrs for the naxinal, perulssible strangth, wo uscd a

dosage aqual to 3CO ttar/iccke .

Oncethe macaituda of maximal porudssible rsdlonctive isotops coa-
tent has been establiched in tho ariilcal organ, we can go on to an oxcai-
nation of the prodlem ol thce aclivily azouals that can be ingosted daily
ty the orgrmism with food niodueils ¢r throvzh respirtiory chanrels. Uz-
t11l the present time, Inforrsilca on (ko continuous doposit end renoval
of radioactive isotones frem cridieal ciyans has doen gleancd primarily
{rom investigationa of single irductions of a substsnce. PRecont rescarek,

horaver, indicates that this mothod of evaluating - raximal peratssihle lc-
; vels of radicactive isotozs ingestion by the organiua is not effective.
We will fllustrate this through taking Sr7vV as an example. In ex-
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poriuonts ~ilh Intraeperitenaal Ladvslion ¢l rate, IV uag fouad il after
single irduetion, its reuoval frcx tine tiucus ean bo satisfactorily des-

cribed by the equution:

~
-
-

(2) Qi = 25.5 20007 . 55 5 ~C.COL8L .

Noreover 418 of he initdsl Sr70 &niosli fx veioved with Tyrey, = 40 daye

and 5% == with D01, = 392 darse. *

- I cendisionsd of proleased linscatlion (caily Zréuction for 1CO Qays)-
there arc chriizes not only in tiwo cenmsiing eoval o e isotore fica
bonss, ut, sat Lo pocilewlarly Zoxiv taad; Ahsre Lo chenges In {ho ce-

. efflolents of Sw90 siovare in tho teme tizive. Eguutlon (3) descrites

NS ey

changea in 90 content in rat skelcion 2iisr dsolops izduction is stoppods

[atelrRd - o e let Nt
(35 Qg = 8.6 ™0+30% ;- 18,5 703015

Nowrly 325 of S0 iz voaeved with .0y, = 77 ¢ays, ond 858 —
with Tpio1, = 14 €3 daye (the nezniluds L3 cpvavenily ovarecctinated; . : ‘
the obscrvation pericd aftcr ccswution of Inluction was only 3.0 days)e. ‘
In comparison +ith single inductien al tivleaged ingestion, tho wzznliela
of Sr/Y ghtoraga in tke slheleton was 42,5 leware Oa fraciicnal induction
of St90 (once a umonth for a totsl of 5 induciicons), it3 rezoval fiom the
Oskeleton (aftor cessation of inducticn) is deseribed by the equation:

k]

(4) Q=139 00,0264t & 17.1 o~0-00%42% -

Naarly 467 of the asctivity ie venoved wlth Tyega, = 26 days and . &
§54% —— Wil Tpiol, = 1,690 deys. Ia comparison witn single irduction, i
Sr90 content uas 5075 less. S

The indicatzd data is euffleicntly el:odr cvidenco  that tho con-
ctont bone deposition and removel of 8¢V duz.nds on iho rhytha aud ine :

gesiion of isotose iaduction in%o (Lo osyfalstie evsver the agzaitude
of Sp¥ daposition in tona tiscuc, in cCndiilsns ot puolearsd iagssilen,

ets,

si&nificantg.v decronsos. As a resvil of ihe constant dopcsiiion and Te-.
novel of Spvd fron the skeleton Cepandlng on who rhyths of fiv fnductica

into the orpaniscs ond chnages La time; 29 wwild b2 Lacdvisatlo So draw
g ges 5, .
-’ ™o R Y o XY * reprsiea o~
' conelusions woravding laws of ftoiops dopesition li. e crgmisa on ko i

bagis of exmerimoutation with sluzie inguetica. Tasrs Is an obvicus ne- 5
cossity for divcet data on ihe p.blarns of vndlcaetlve isotopo Jduposition ;
undar prolonzed Llngestion fnfo The ewganlisn.

Under prolonged Incestion ol radloactilvy ausslences, is a rosult
of »adleaciiva Leackdown &nd wvenoval, sa cguilibriw: is ostabdlishiad tet-
ween 4soto-o inzestion ond vetentien in tho ovgandin.  Apparently de- .
seuiidon multdplicity (the wolation of issteyrdy veieniion in the organisa
in ocrdtical orvgen aller sn squilitoiua hins Seun estoblished to  the
¢y dnscoted dose) and the specd with waiclvzrious isotopes achieve

o-'-«‘- Soaflilciva will Qiffer. In the caso of isclopos having a short no-

vionof rmridal breakdoim (for cxarple, Sr™? xith T4 = 53 days), tubt
noluag peviod of removal from the orgsnisnm, the problem is resolved re-
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* by the 130th day, &at

teimined Uy tho puriisl Yroal:len: seried, and %ho cquillb-:it::m betireen
Ingestica aad depesiticn cf Lo isotona in e orzanism is cutnblished
Tedstively quickly. %ho vozonveh of T. B, turlysndecly and co-authors
(2957) and D. I. I24in end Tu. I. Jozlalev {2.239) canduetcd on varicus
anfasls confhizsthic poslilen, IS appeared thab Se? dopesiiicn :alie
2lielty in tha bomo %iasuo o rais erd waoolts 13 8.4, and the erviii-
Dyzun botmeen 1co%0r e fuentlon and reotention in Soaes was o03¢tadbliszhed -
cuead daily 8259 inducticn over 820 days 4id

of dupcoltion zultinlicily of inis Esotope in

5 3. L e, n . AN -~ . Y F - S, 7
latively siaply, & “niis “ironiilen rulilinlieliy ia the cvsandsa 43 Com
o
-~ -
]

23
-

2

vl

not affect the razniln

‘the ckeloton. On the tusis of these dals, it 1s not dlvficuld 20 cAle

culzts that for retenilca In human boncs of meiimal pormissivla Srd?
contunt (2., there can be duily ingestion of 0.2..00 this isotope.

In the caso of long-lived rs.c:ioagtivo isotones vhich uro slowly reroved
from tho orpanism, incluiing Spd » the cquilihriun betrcen incestion
and deposiiion is est2blished at later intorvals.

: 2y momna of caleulstions, wo found, aldeag with D. I, Ilyin, that in
plgs and dogs, on Qnily Sx90 Ingastion,par o3 equilibriun (S5%) st de
osteblished In approiinitely 1,3C0 duys, while the iso’cogg deposition
multinlicity is equel to 45, A sinilar magoitude for Sr50 dovousition
multinlieity in the sieleton, 15, was obtained in exwerimcats on dogs
by L. ., Burykina, inducing animals with Sr90 by zouth over a period of

- several years. In conc‘lé-tons of continuoua ingostion throupgh the grstvo~-

intestinal tract, the Sr*0 depositfen mltiplicity in the human skoleton
would apparently differ little from the magniindes indicatsd nBoVve, rar-

ticulerly in the case thors $+90 would o fngedted by an adult huuwn,

The indirect data confirms the accuraay of sha fundieated positlon.
Ve will therefore utilfze data on the dcrosition of stable stveniiua in
the huran arganism. We lnow thal man conswmes 10™3 g of stadble stron-
tiun with his food par dxy, while tho whole Lonarn orgrlsi rotains 0.4 2
of thls isotope. It therelore follcws that under rrolenzed Ingostion,
tha strontiun content in the wlole skeleton will axeced the dafly fnccsted
Quantity by 140 tinmss. A siaflar megnitwde of Sr% depcaition amliirlici-
1y 1n the human skelelon is cbteined in the coupsrisan of the exehanns '
characteristics of tha indicated elcuent with stabls cileiva. ¥a know
that tho passage of Sr® frum food into tono fu achieved ith ite cis-
erinination in relaticn to celelum. Cn the tasis of 4he vesearch of L.
A. Buldakovskly and Yu. I. Noskalew (19€0) conduct=@ on shecp, as woll
as direct obgervation of tho migration of S0 falling c: tho carth's

.surlace elong tho foed chain (milk -— benos of now-bori children), this
- coefficient is Goter:ined to dg 0.2-0.25. ‘these data ara ovidence that,

in comparisen with csledum, Sr%V L8 Ingested and roteinoed by the organisa
in smaller anouais. ' , ,

Sr%0 deposition multiplicity in the hwaan skeleton will apparently
be exaller by the msgnitude of its disorimiration in rolation to ealcium.
Sinco calefun deposition rultiplicity is 1,000, the corracponding zap-
nitude for Sr% ghouls be 200-250. Such Sr90 doposition zultiplicitics
Alght be observed 1f the 1sotope had becn inpested by tho orgeuisa fron
childhood. Yhen Sr%0 is ingestod by the adult human, its Qsposition
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maliiplicily ghenld bo lower thon (hece magnitudes zad sin’law to (zat
obitained la oxjeriiizut. I‘. we n'e as & base & mznizal 8090 donosii
raliipliclty of the huusa shicleien of 250, thea Jer the ""down W Te~
tain {ho maximnl pcr:.:ia.siblc mzaitede (2 ;--) o2 this Ssotono thoro rmst
te a daily irdueilca of O.Gw,zu. » Yric razaitunde 1s 4.4 tines nicher
thon the cne reesrawenicd Uy the Intavra ttcaal Cemaisaion on r‘tdiolog!.cal

" protection (0. 0010_,:,@)

On this bzsis wo ca2n concl'..w at oxtisUdry soras of maxinmal pcx'-
misalble conteat rad Iagestion ol 3:13 ‘u tho huiin orcanisn hove oxXpy
mandal verificntica and indicate ke exlstsnce of a sufficient reseive
guaranteo.

The induction ol ::.:.:c’"ﬂ.l Rutnlsslible 529 ceantitles nto tho org-
enism connot present goeat dangevs 13 o genelic cense. In any ease,
this danger is sipificanily 123z dhan ad Seoa the mh."«.ny r350=
active isotopea 2;7 0 2nd €4 which coastiontly e“\»er tho orrrndsn with
food inteke. FTor exanple, tha 2duld o .2.. c‘-;i.ly <28 in C.GG‘?A#: of -
naturally rvadioacilvo 1zotosa X40 ané © u'-LCh ey 13 3.2 Wtwucs preator
tien the maximal pcrmiss;bl.. mamiteds of Su‘a Sngostian (0.C018 e ).

In comnarison of tha indieated narnitudes, =o rust Xeap in idnd that X40
snd C14 aro wholly incasted from the gasiro~intestinal tr=et and nra
comparatively evenly distrituted in ovgans and $issues, while S+ 3

only partially Ingesied frém the gasto-Intestinal. tract end is solectivﬂ-
ly rotained by bones,vhen solt tissuas rotein only aa 1n..1§.\ificant £or-

tion.
Tho date citud-indicate that furilisr rcsearch is nucussary, di-

rected ot stucying the radliodbiological lewis of the action of lonizing

radiation in oszall dosos; ectablishing pernissidle rotantion levels zin
the crit:lcal oryan) of rad!oactive 1sotozes and thelr ingesiion by the
husan ovganisn; and studying the laus of thelr depoaition snd vemoval
under prolonged inzastion by the organlisnm.
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