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MFHKJDBPABT X. xxrraooDCTTO*:

D. Antbeny, K. Lathrop, and *. Pinkie

ABSTRACT

w»r» studiod. Detornln* tlons were node of the acute lethal donee for 

rate, sdce, and rabbits, and of the cooperative tonicity and nstabolisa

Distribution

studios of redloetrantiua in various organa vers wade.

A anthod io described for handling and preparing radioactive

Procedures arestrontium for administration to experimental on Innin 

- Sr5»given for preparing tissues and excreta for moaaurmnant of 

vlth a Onioni IdTlIer counter, and for correcting those aaaaurnsaeta for 

radioactive decay back to the tian of Injection.
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The toalc effects and antabollsa of radiostrou* tun (Sr®9-Sr9°) 

radiorrarrcnr or dukto sar8* fob rats, mici, abd rabbfte
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enoreoua asm-t » ■'" / aloactlvo eaterlals were produced by uranlua and plutonian

fl Mien, and of course, such conenntratlcna of radioactive eaterlals pro a on tod

Many of the radioactive isotopss wore of such charta very great health hazard.

life that they could bo oHw.1 noted as a health hazard by allowing than to decay

before the isotopes were separated.

were slightly-lived no that they survived the cool Ing period In aeounts suffl-

etent to bo dangerous for a few days er weeks. However, it waa necessary to

study satorisis nt thia claac in the vicinity of the pile so that the tine

between production of the radio-Isotope and its use In biological experlnents

waa at a ntnlwm.

A third class of radioactive fission products, those with half-lives of

asny days, were potentially very dangerous for those who worked at the piles

sad for those In plants associated with the piles during the processing of ura-

nlua er plutoniun. TTiees long-lived f las Ion products, if taken into the body.

eight continue to radiate and injure the tissues for wnrrths or years - such as

Bowever, since there were so aeny fission products inradius Is known to do.

thia class, and because speed la obtaining answers to at least few urgent

questions waa so essential, it was necessary to select a Halted txuaher of

Misuses apparent that they night bo asong the enet laportaat potential health

hazards arising free uranlue or plutonlun flee ion. Theos isotopes ware
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present in high yield after flaalon, the energies of their radiations (er that of a
• • •

In the various chain-roseting piles constructed for the plutonlue project.

Other flMlon products, like red! oh ronins,

representative radio-isotopes for biological szperinentatlon.

As soon as the physical properties of Sr39 sad Sr90 were elucidated, it

- . 
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radioactive daughter) were ea»lte»bl», and their half-lives were long.

I
TAKUt I

FlMlet yield

30 yearsCa.55 d«jr»Half life

Muc. enerto

*3-» *»1.T

Sr90
*0.65*

Although both Sr0? and 8x^0 are produced In large yield, in any frosh or

100 tines that of 3r?°.

leant proportion of the total, and by 1 1/2 to 2 years after fission, virtu-

The actual easposition of radios trout 1 us ssagilosmixture of the two isotopes.

at the tine of injection is discussed In Section ^.3 of this report.

In addition to the physical characteristics of rndi os trout lum, certain

features of the known mstabollsm of strontium Indi rated its probable lavortanos

Strontium was known to bo very readily absorbed andas a health hasard.

tenaciously retained in the skeleton of experimental anlaala. In studies on
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Sr90 (or from Its radioactive

*2.5
Zr9® stable

Sr** 
5 t

1.7 Mev

Mb09 15

Sr®9 
*.6 <

Table 1 elves the boot values eve.'lab lo for those and other characteristics 

of Sr®9 and Sr 90 (M.

moderately young preparation of fission strontium, the radioactivity is Amo 

almost entirely to Sr09, since tbs rate of disintegration of Sr0? is more than 

After a few half-Uvea of Sr®9, the radiation from 

T90 daughter) does begin to represent, a algnlf-

0.65 Nov

>5 dare I09 stable

ally all of the radiation from a eesgile of strontium is due to the Sr^ - 1 

Throughout this report, reforenroe to radiostractium er to Sr0? indicate a



*■»

an of J] to per oeat. of an intre-

venoualy injected does, end W to 12 per cent of an orollj administered

does wire proa ant in the alosleton of nice. In fact, the new tan skeletal

deposition occurred within 8 hour* after trrtralenraia 1ejwt<irn There
appeared to be no difference in the metabolism of the chloride. lactate.

and glucoate whan clean by either route. In all case*, the only slgnlf-

leant retention vs* in the skeleton.

The avellabls Infti motion shoved an expected similarity between the

metabolism of strontium and that of radi.ua, hitherto th* only substance

Radium wee roe Illy

It van known that extrwsmly minute amounts*of radium (1 to 100 mlcro-

All of tht? d«aM* ws produced

by a slowly dieIntegratin* elaamnt (the half-life of Ba is about 1600 years)

which give* ria* to several a, fi, and y radiation*. It we* not known, even

approximately, what would be th* offset of a similarly aetabolisod elaamnt

that was die integrating such nor* rapidly than redlua and wa* giving off

only fi radiation.

Because of the physical characteristics of rediostrontlue and th*

similarity of it* metabolism to that of radium, a large part of th* investi

gation
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the metabolism of rodlootrontium, Reoboi4.g) round that vlthin M8 hour* 

after treatment with Sr®9

taf nod in measurable amounts for eery year* and only slowly excreted. The 

retained radius, like strontium, was largely located in the skeleton^).

of which th* radiotoxicity had been sottenaively studied.

absorbed following Ingestion of radium salts (3A). Absorbed radium was re-

graam) could cause anemia, spontaneous fracture of bones, ostsngsnlc sar

coma, and death in huamn subjocts(6,7,8),

radi.ua


or fl ••ion products la this laboratory wee devoted to a study of the tonic 

•rflect* of redlostroutluei end to • further study of Its netsbolisn.

thia paper will teal only with the acuta ar relatively short-tine ef-

2.

2.1 Ma trials.

2.P Parity of Matorlais

La Tbo hydros Ida Insoluble

lapurltloe ver* renoved vita ferric hydroxide resulting la 95 par cast to 97

par cant redlochanical purity. Tba rosin prepared *terials wore 97 par cent

3. Methods sad Adalnlstrotlcn

The steel solution* were highly radioactive (several al 111 cur lee per

nl 111 11 ter) end were froguently la acid. Usually, the acid was driven off by

evaporation to dryneas alter which the solids were rodlsaolved la water and

- 7 -
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Preparation of Psdlaactlv* Material

The Sr®9 uaed by the *speriaental Biology Section com

free uranium boabarded la the pile at Oak Ridge, Tbmeeeeo.

Methods weed for ■operation are discussed la dare 11 la another report (9).

Analytical procedures have also bean discussed elsewhere (10).

i

I I

The earlier sswpLss cants Inert Sr of 75 per

The Isguritles were neatly Bs1*^,

to 99 per cent radlnrImml msl 1y pure strontlua eantain.ln« 3 per cant to 1 per 

cant t9° la equlllbrlua with 3r9°.

fleet* of axpaeure to redlaatroatlian. Other paper*, now in prepamtlaa, will 

discuss the chronic tonle action of 3r®9 3t9°.

rent to 93 per cent redlochenlcal purity.
A*°, T90, (daughter of Sr90) and other rare earths.



the pd adjusted to 3-5 with sodlua carbonate or Beetle acid.

however, any excess acid was noutraliwod to the proper pB by the direct addition 

Xtilutlsns with onlineof carbonate without any previous evaporation trawtaent.

that isotonic solutions resulted with an activity of 

variations in vdusn of 0.2 to 1.0 al in the nice, 0.3 to 5-0 al la rata, and

When laser or higher doses were glvwn, the ocn- 1.0 to 10 al Ln the rabbits.

oontratlon of the solutions was adjusted so that injections of alallar veluae 

could be given.

Proa each solution used, the first half al Hl liter and the last half all-

lt H tar to pass through the syringe sera delivered to voluaotrlc flasks and tbs 

radioactivity was noaaurad to ootl*to the actual dose administered. These

aeaauremnta showed that strontium was not significantly adsorbed on the frosted 

thia is in contrast to the ra-

Sixaeo the bottles eodtted 0.01 to 0.1 r/hr which an de direct handling

the radioactive solutions were kept in eeruta bottles that were heldhazardous,

In fact, with the sore active oolutlone,

were produced to require further safety asasuras.

active solutions were stored Ln thickwalled, tronaparent Lucite containers 

At all tines duringor were kept behind lead bricks ear ept whan actually in uno.

They sloe wore fllaInjections, all the caper! asmterw wore rubber gloves.

badges and pocket electroecopes to deteraine tia degree of wvpcsira to external

radiation.

- 8 -

about 0.25 ac/nl for souse Inject lone, 1 nc/nl for rate. 

With solutions of such n twin snr rat lone, do see of 3 to 10 uc/g were given with 

The bottles containing very 
<«)

or water were node such.

by asana of a single burette claw •

sufficient os r rod wry radiations of a penetrating nature (soft guana or X rays)

or 5 ac/al for rabbits.

glass surfaces or octal nee flic of the syringe, 

suits with boorlua lentham.



The radioactive solutions and the eel lee for the controls were adainiaterod

via ictraperitoneal Injection to aloe, rate, and rabbits. Only la the rabbit

inject lone were sterile ealntloee, needlee, and syringes esqployed. Intravenous

inject lone ware given to a few anianls of each spec les, but since the result*

the

discussion of results will be Halted to the Intraperitoneal series alone. IB

the injection bed been ends inadvertently wholly or in part directly into the

In those snlanla, a very largo percentage of the injected deco was exgut.

crated within 2b-bB hours and sore than 90 per cent of this excretion was

in the feces Furthermore, the retained does la such sn1—la was always well

under half of the average for the etocloa and usually was virtually nil. Such

an Inals wore not Included la tabulations of anrtallty, excretion, and retention.

but do appear la Table 2.

b.

The wot weight ef the tleowes was recorded

and then the tiseuee wars transferred to prone Is In evaporating dishes. A row

nilllgreas of inert strontlua carrier were edded in the fora of a SrCL, solu-

After the tlss-ios had been dried for 3k ts MJ hours attics in dilute KI.

the tInoue sawpls. The Inn past tines were required for rabbit carcasses and 

the shortest, for soft tissues free sics.

The tlssus ash was dissolved U 6 I KI and wan transferred quantitatively

to a vn 1i use trie flask or nixing cylinder with frequent rinsings of water. After

to 2 or b ounce, screw-top, wide south bott.ee for stenga. The storage bottles.

- 9 -♦

aa electric ssiffla furnace at TOO* to 0OO® C for

ware co slnllar to the such larger iatraper i t ones J series, in nest comm,

b.l Analysis of Tissues: When aa sniaal died or was sacrificed, tissues 

were taken for Sr59"*’ analysis.

the tIssas ash solution mm sods a* to vnliws, the entire solution was transferred

a nuaber of rabbits end la a few rata, but never in the aloe. It was found that 

150s C, they wrs w*4 la 
Z \

2b to MJ hours. The length of drying and ashing tine dpended on the also at

bott.ee


I

with tope removed, rare plated under • survey counter. Free the radiation Inten

sity observed, the proper aliquot for radioactivity anas-.ramenta could bo oa

th is aliquot was placed in e Coors #1 porcelain capo, la and was evaporatedtian tad.

The capsule containing the dried sample was allowedto dryness under a boat lamp.

to cool to roan temperature and then the radioactivity wee measured with a joioar-

All counting was done under an al uni nun absorber of 30 ag/cai?Muller counter.

thickness In order to sin 1 else errors due to aelf-edearptlon.

b.2 Analysis of Ikcrata:

A snail amount of dilute BC1 and a few allot Intervals after the injections

llgraaa of inactive strontium wore added to the collection containers to reduce ad-

Orina was diluted to a known volume with dilutesorption of the radlostrontiua.

BC1 and an aliquot was then taken and dried for direct measurement of radioactivity.

Mined excreta and feces were dried, ashed, and dissolved in exactly the earns

Toll amounts of acid-insoluble residue were present in themanner as the tissues.

diluted rat and mouse feces and nixed excreta eaxplee. Thia residue was found to

retain varying (5 to 30 per cent) proportions of the total radioactive strontium.

Accordingly, when pipetting an aliquot of ouch a solution for measurement, every

effort was made to suspend the residue and thereby obtain an aliquot of it as rail

Such suspensions rare frequently chocked by waking duplicateas of the solution.

or triplicate analyses.

Tbs emrwtf.it of insoluble residue from rvbblt feces ash was so large that a

boaocwvoiii suspension could not bo as de. Further treat went of rabbit feces ash.

was employed to reduce the amount of residue By this method, the feces ash

was boated with aqua regia (about 1OO ml for each day’s collect ion) until Mop ras no

- IO -

according to a method developed by V. F. Morris and I. X. Fvans In thia laboratory, 
(13) 

Excreta rare analysed for their content of 3r^'*

emrwtf.it


IfM—r evolved.

f rjjgla aoapenslon, and the Mixture was boiled for ?to 5 Minutes. The

rooultlng nearly clear solutloa wee diluted and an aliquot was pipetted for

*.3 Correction for Secay: Prior to tabu let ion, all neaauresento were

corrected for decay back to the tine of injection, using a 55 day half-11 fe

up to about four eon ths after injection. After thia tine, there was sufficient

th la correction was date mined

and

of the Injection solution at two tinea, Pj an*1 p2* The two tinea should bo aa

la ac-

(1)

(2)

(3)

at can

be obtained Lasted lately.

- 11 -

Since X and the activity at P? and are all known, the activity of 

Pj (the day of injection) and the activity of 3r^° by difference

, after a calculation of the orl- 

ginal Sr9° content at the tine of injection had been node.

The original Sr^° content was calculated free the activity of an aliquot

Iona-lived Sr?° present to require a correction, 

fron theoretical decay curves of 8r®^

A 2* per cent «F solution containing 16.5 per cent B jbOj 

*m then added (about Ao al for each day's collection of feces) to the hot

curatsly known, the following relations for the activity, Ax and I? at the two 

tleee bold:

Ax * Activity of Sr^ Activity of Sr5*0

Aj, a Activity of Z x Sr®9 at P^ Activity of Sr^°

(where X Is the fraction of Sr®^ which has not decayed in

the tian between P^ and P?) aa reed from a Sr09 decay curve

subtracting (2) froe (1) gives A^ - A^ ■ Activity of Sr®^

(1 - X)

widely separated as possible (perhaps 100 to 200 days apart), with the first 

preferably on the day of Injection. Since the rate or decay of Sr?° is essentially 

aero over a period of this length, and since the rate of decay of Sr®?
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5. Anu-a*

The al— —rlnyd In a—t of the experlaants — re brown or white ABC

— !*■ fr— the Jackaon Manorial Laboratory. A few black ABC —1 — and so—

—Im (a strain developed In laboratory by inbraed’ng of several

The alee way about 30 day old and

weighed appr—L—tely 20 (17-2b) grana each at the tine of Injection. The

rata used in tha so cxperiannts wore albino solas of the Sprague-Dawley

strain, IO to 12 weeks old and weighing about 200 (16>>2bO) gra— aach at

the tins of injection.

Lakeside, Michigan. A few feaal— of aach species were used in certain

—part wants (Table 2).

The arbitrary experi—ntal code letter haa been retained in aany of

the tabulations to avoid confusion, since several experl —nts, involving

aany dons levels, ware aada with —ch of the spec!— of ant—Is.

- 16 -

l<—Wt—OlWWB IT, u I——WMIMU IIW«

The rabbits — —1— weighing IfiOO to 2500 grass

each, were 60 to 90 days old, and wars obtained froa Mr. Baraid Swift,

black AFX

groups of ABC al—) wars also used.
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