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PROCEDURE FOR THE RADIOCHEMICAL .'\NJ..LYSIS OF ASTATINE IN. 'ifiOLOGIC~I.L MATERIAL** 

: ··~ ' 

·warren M. Garrison, Jeanne D. Gile, Roy D. Maxwell* and Joseph G. Hamilto:t;l 

May 1950 

Introduction 

Astatine, the artificially produced radioactive h~logen cf atomic number 85, 

accumulatesl,2 in the thyroid gland in n manner similar to radio-iodine. Recent3 

observations on the radiobiological properties of 7.5-hr. At211 sh~w that the alpha 

particles .emitited in the decay of this isotopa produce severe radiation damage to 

thyroid tissue without apparent involvement of the adjacent parathyroids, indicating 

that astatine may have unique therapeutic application in hyperthyroidism. With rats, 

a dose of 10 ~c of At 211 is sufficient tn produce a marked degree of injury to the 

thyroid follicles. As part of a detailed study of the metabolism and radiobiology 

of astatine now in progress at this laboratory, analytical procedures have been 

developed for the determination _of astatine in biological material. These methods 

are reported in the present paper. 

Experimental 

Preparat.ion of A.statino 1 •4 • 6 •. Bombardment of bismuth with alpha particles in- the 

energy range ?0-29.Mev produces, by (a,2n) reaction, 7.5-hr. A.t 211, free from ,.,ther· 

astutine isotopes, notably the 8.3-hr At210• Sixty percent of the At 211 nuclei 

decays by K-electron capture, with the emission of an 80-kov X-ray to Po211~ an alpha 

-3 
emitter with a 10 seco half-life, and 40 percent decays:;by alpha particle emission 

tc form Bi207 lb 3 1 8 210 ( ) . ..•." > _ove .. 0 }ev, .3-hr Jl.t is produced· by· G,3n reuction.· This 

isotope decay:s sy K-eleotron captu~e 'to 140-day Po210 and w~s, therefore, an 

·----------------------·----------------
*Lieutenant Colonel, U. S. Army, now stationed at v~alter Reed Hospital, Washington,D.C. 

t **This work is based on work performed under Contract No. W-7405-eng-48-A for the 
Atomic Energy Commission. 

1 Corson, D. R., MacKenzie, K. R. and Segre, E.:Phys. Rev. 57, 459 (1940) 

~Hamilton, J. G. and Soley, M. H.: Proc. Nat. Acad. Sci.~~ 483 (1940) 

Hamilt~n, J. G., .r1.slirig, C. W., Garrison, ·b. h., Scott, K. G. and Axelrod-Heller: 
Proc • .C~o.c. Exper. Biol. and Med. ~' 51 (1950) 
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undesirable radioactive contaminant in the astatine prepei.rati.ons described here. 

The ~ismuth was supported on a water-cooled aluminum target plate 10 mils thick. 

A small amount of C.PG bismuth was melted on tho aluminum disc forming an aluminum-

bismuth alloy which did not require flux. i\ bismuth layer of tho desired thickness ( 

was obtained by fusing 'the required amount of bismuth to the alloyed· sur~aoe. The 

plat·e was mounted in a bell-jar type target assembly and bombarded with 30 Mev alpha 

portic~es obtained by degrading the 40 Mev beam of the 60-inch cyclotron at Crocker 

Laboratory. The surfa·ce of the bismuth was cooled with a stream of helium. Beam 

currents up to 15 ua were used without noticeable fusi'on of the bismuth sur.face • 

. .;,.fter bombardment, tho bismuth section was cut from the target foil and astatine 

was isolated by heating the bismuth to 425° c. in a stream of nitrogen carrier gas 

at a Pr·essure o. f lo-2 - 10""3 mm. Th · 11 · 1 e astatine was co ectad at iquid-air· temper-

atures on a cold-finger which had be on covered with a thin layer of' ice • After 

heating tho bismuth' for approximately 20 minutes, a solution of astatine in a 

minimum volume of water was obtained simply by removing tho cold finger from the 

va.cuum line and warming to room temperature. 

Analytical Procedures; Since a 10 uc doso of At 211 producus· noticeab1e thyroid .damage 

in the rat 3 , the meta...Jolism in no.rinal animals had 'to be studied at the 1-5 uc dose 

level. Therefore, to obtain distribution· data of the desired accuracy, an analytical 

procedure of maximum sensitivity was required;. Although At 211 emits 80 kev X-rays as 

well as alpha-particles, the low counting efficiency of. the At 211 X-r~ys mado it 

5 . necessary to use alpha-counting methods so that the r.equ.ired sensitivit¥ could be 

4 
Kelley, E. L. and Segre, Ee: Physo Rov. ~~ 999 (1949) 

s· Tho experimentally determined alpha.-particle/X-r~-; counting ratio was found to be 
approximately 850.· 

.• 

I 

• 
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attained. In developing procedures for the quantitative separation of At2ll from 

gram amounts of tissue so that alpha particles could bo counted, several co­

procip~tation procedures 1,6,7 were tried. The most satisfactory of those involves 

,) tho wet oxidation of tho biological material with perchloric acid followed by a co-

precipitation of astatine on elemental tellurium currier from a 3 normal porchloric 

acid solution of the oxidation products& 

Determination of Astatine by Co-precipitation with Tellurium: A sa':llple of astatine­

contuining tissue (less than 10 gram wet weight) is digested in a minimum volume of 

9 normal porchloric acid containing 30 percent by volume of 16 normal nitric acido 

After tho organic motorial has boon oxidizeda·:· the clear solution is evaporated to 

10-15 ml of concentrated perchloric acid. Tho solution is cooled and diluted to 3 

normal. 5·mgG of tellurium as tollurous acid are added togothor with 1 ml of 12 
·---·-- . 

normal hydrochloric acid9 •. .11. stream of sulfur dioxide is passed through tho solution 

precipitating metollic tellurium which carries astatine quantitatively. The 

tellurium is separated by centrifugation, washed throe times with distilled water 

and transferred to ~ porcelain counting dish. After drying at 70°C, the dish is 

counted for alpha activity. Typical results for a series of different t~ssuos 

arB shown in Tub1o I. 

Tho principal objection to the tellurium co-precipitation method is tho 

6 
Johnson, G. L., Leininger, R. F. und Sogro, E.a 'J• Chern. Phys. 22.• 1 (1949) 

• !. 

.~_O..!:§.On,D. R.,_.Ma.c.Kenzi..e, K. R., and ·S·egre, E8f 

8 
Astatine is not volatile from concentro.t"ed oxrdiiing acids. (ref. 6) 

9 ·~ 
Tellurou~ acid is Clt\JY slowly· reduced in cold 3 normal porchloric acid in tho 
ubs~ri6e pf dilute hydrochlori~ acids 
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tinio required in _centrifuging, washing and transferring· tho co-precipitanto To· 

obtain a more rapid anulyticul procedure, other chemical properties of astatine 

were studied, p!:\rticulnrly tho deposition of astatine on metallic foils which may 

be meast~rod for alpha octi vi ty diroctly.- Although ~ statino is chemically similar 

to iodine, the lighter hulogen homologue, it al'so shows definite metallic properties~ 

The similarity between adjacent elements in tho last rows of tho periodic tabla is 

quito marked and astatine shows e close resemblance to polonium 'in many of its 

propertios1 • 6 • 7 • Since polonium maybo quantitatively removed from dilute acid by 

deposition on silver 10 , a similar study was made with astatine. It was found from 

thosfl studios that astatine in biological material may bo quantitatively recovered 

by deposition on silver foil from a 3 normal perchloric ucid solution 8 ftcr organic 

material was oxidized by tho porchloric-nitric acid digestion. 

Determination of J\statine by Depositj.on on Silver Foil: A sample of astatine 

cont£<ining tissue is digested in a~ mix-ture of porchloric-nitric acid as described 

in tho tellurium proc<idure. After digestion is complote, tho solution is evaporcltod 

until the perchloric acid fumes (upprox. 10 ml), diluted to 3 normal with tho 

addition of distilled water and transferred to a 50 ml beaker. A 2 mil thick 

circular silver foil of a sizo convenient- for alpha countingll is plnced in the 7 

bottom of tho beaker/ and the solution is stirred for 30 minutes. The foil is 

washed in wator and 8cetone, dried in air and counted for alpha actiVi~y. Typical 

nnalyticnl results ar'o shown in Tnblo I und II" 

10 

11 

\ :_. 

Erbncqor and Phillip: Zeit. f. Phys. 51, 309 (1928) 

Although tho astutino deposits principally on tho top surface of tho silvor foil. 
for quantitativa results both sidos of the foil wore counted for alpha activity. 

I 

'\ 
I 

l 

1\ 
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Summaryt Procoduros for tho radiochemicul unc;.lysis of At 211 in biological material 

hove bean described. Organic substances can be destroyed by porchloric acid-nitric 

acid digestion without loss of ustutine by volo.tilizution. Astatine muy bo isoltitod 

,.l for alpha counting fr.om e. 3 normal porchloric acid solution of tho oxidc.tion product_ 

by (1) co-procipitution.with metallic tellurium or (2) deposition on silver foil • 

• 

() 

Both prc:codures mo.y bo usod for quo.ntiti vo una lysis. Tho silver foil mothod, 

howovor.t is simpler, requires loss time and is mora eo. sd,ly udaptod to routine 

determinations whore large numbers of tissuos oro to bo unuly3od. 

Acknowledgments: r.ro wish to thank Dr~ H.. F., Leininger for his many helpful 

sugg0stions, Mr. T. Putn«m, Mr. G. B. Rossi und tho crow of tho 60-inch cyclotron 

und Mr. Mnlcolm 1 iobb for his ussistonco in designing tho targot assembly. 
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TABLE I 

-·· 
COMP.i~RISON OF PROCEDURES FOR THE Ri~DIO-C.HErHC~~L AN.l\LYSIS 

OF AS.T.A,TINE IN BIOLoGIC.'\L 'IA!.TER.Iil.LS. 

L 
P.oroont of Recovery 

.. 
Tis suo (10 gm wet ,weight) To Mot hod il,g Metpod • u 

" 

Fut 96.0 (74.5) 96e0 94.0 

Bono 93.,5 105.0 l03o0 93o0 

Skin 98.5 92;;5 100.0 98.5 

Muscle 94.0 lOS eO 99.0 93.9 
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TABLE II 

RATE OF ASTATINE DEPOSITION ON SILVER IN 3 N 
PERCHLORIC ACID 

UCRL-741 

Percent Dopositod 

0 -- 10 minutes 73 .. 5 

10 - 20 20o0 

20 - 30 " 
30 - 60 2.0 

Total 103.,5 




