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PROCEDURE FOR THE RADIOCHEMICAL ANALYSIS OF ASTATINE IN BIOLOGICAL MATERIAL**

Wearren M. Garrison, Jeanne D, Gile, Roy D, Maxwell™ and Joseph G. Hamilton
' May 1950 ' '

Introduction °

Astatine,'the'értifiéidlly produced redioactive halogen”éf atomic number 85,
acocumulatesls2 in the thyroid gland in a menner similar to radio-iodine. Recent3>
obsarvations 6n the radiobiological properties of 7,5=hr. At211 shew that the alpha
particles emitted in the decay of this isotope produce severe radiation damage to
thyroid tissue without apparent involvement of the adjacent'parathyroids, indicating
that astatine may have unique therapeutic applicationlin hyperthyroidism, With rats,
a dose of 10 yo of AL is sufficient to produce a marked degree of injury to the
thyroid follicles. A5 part of a detailed study of the metabolism and radiobiology
of astatine now in progress &t this laboratory, snalytical procedures have been
developed for the determination of astgtine in biological materiel. These methods
are reported in the present paper.

. Bxperimental [ GO R

Preparation of Astatinel’4’6._-Bombardment of bismuth with alpha particles in. the

energy range 20-29 Mev produces, by (&,2n) reaction, 7.5~hr. At%1l  free from nther:

At211 nuclei

astatine isotopes, notably the 8,3-hr 4t210, Sixty percont of the

decays by K-electron oapfure, with the emission. of an 80-kev X-ray to P0211; an alpha
e . -3

emitter with a 10 sec. half-life, and 40 percent decayssby alpha particle emission *-

to fO?@,Bi?OTQQ Above 30 Mev, 8.3-hr st210 is. produced by-(a,3n) reaction.  This

isotope decays by K-electron oaptﬁfé'to 140-day Po210 gng wéé, thereforé, ;n

*Lieutenant Colonel, U, S, Army, now stationed at Wwalter Reed Hospital, Washing%én,D.C.

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

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

2 . .
Hemilton, Js Ge and Soley, M. H.: Proc. Nat., Acad. Sci. 26, 483 (1940)

Hamilten, J. G., asling, C. ¥,, Garrison, W. M., Scott, K. G, and Axelrod-Heller:
Proc. Soc. Exper. Biol. and Med. 73, 51 (1950)
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undesirable radioactive contaminant in the astatine preparations doscribed here.

The pism;th was supported on a water-cooled aluminum target platello mils thick.
A small amount of CePo bismuth was.@elted on the éluﬁinum disc forming aﬁ aluminum=-
bismuth alloy which did not require flux. 4 bismuth layer of the dosired thickness
was obtained by fusing'the required amount of bismuth to the alloyed surface. .The
platé“was mounted in & bell-jar type target assembly and bombarded with 30 Mev alpha
particles obtained by degrading the 40 Mov beam of the 60~-inch cyclotron at Crocker
Laboratorye. The surface of the bismuth was cooled with & stream of helium. Beam
currents up -to 15 ua were used without noticeable fusion of the bisﬁuth surface,
After bombardment, the bismuth section was cut from the target foil and astatine
was isolated by heating the bismuth to 425° C, in a stréem of nitrogen carrier gas
at a pressure of 1072 - 10°% mm, The astatine was collécted at liqdid—air~teﬁper—’
atures on a cold-finger which had been covered with & thin layer of ice. iftor
heatingbfhe bismuth’ fdf'approximately 20 minutes, a solution of asfafine in a
minimum volume of wator was obtained simply by remdﬁing the dofdvfinger from tho
vecuum line and warming to room temperature,

Analytical Procedures: Since & 10 uc doso of At211 proddces'noficeable thyfoid.damage

in thé'rat5, the metaaolisﬁ in hormél‘animals had to be studicd at the 1-5 uc dose

-

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

procedure of maximum sensitivity was required. AlthoughlAtzll emits 80 kev X-rays as

4211

well as alpha-particles, the low counting efficiency of the A X-réys made it

necessary5 to use alpha-counting methods so that the required sensitivity could be

4 Kelley, E. L. and Segre, E.: Phys, Reve 75, 999 (1949)

5 The experimentally determined alpha- partlcle/X-ray countlng ratlo was found to be
approximately 850.

-

o



‘dttained. In developing procedures for the quantitative separation of
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a2l from

gfam amounts of tissue so that alpha particles could be counted, sevoral co-
precipitation procedures 1,6,7 were trieds The most satisfactory of these involves

the wet oxidation of the biological material with perchloric acid followed by & co-

'pfecipitation of astatine on eolemental tellurium carrier from & 3 normal porchloric

acid solution of the oxidation productse

Detormination of Astatinc by Co-precipitation with Tellurium: A sample of astatino-

cbntaining tissuo (less than 10 grém wot woight) is digested in & minimum volume of

9 normal peréhlbric acid containing 30 percont by volume of 16 normal nitric acide

After the organic matorial has been oxidizeds: the clear solution is evaporated to
10~15 ml of concentrated perchloric acide Tho solution is cooled and diluted to 3
normal. 5:mge of tellurium as tollurous acid are added togothor with 1 ml of 12
norma'l hydrochloric acid?, "X’ stroam of sulfur dioxide is passéa*%ﬁ}éugh the solutlon
precipitating metallic tellurium which carries astatine quantitatively. The
tellurium is separated by centrifugatioﬁ, Washed fhroé times with distilled water

and trunsferred to & porceléin cduntiﬁg dish. After drying at 70°C, the dish is
counted for alpha activity. Typical rosults for a sories of difforent tissuos

aro shown in Table I,

The principal 6bjection to the tellurium co-precipitation method is the

Johnson, G, L., Leininger, R. F., and Segre, E.t Js Chome Phys, 17, 1 (1949)

7 P P . ..
Corson, D. R.,.MacKenzie, K. R., and Segre, E.f Physi Reve 58, 672 (1940)

8 .
Astatine is not volatile from concentrated oxidizing acids. (ref, 6)

Tollurous acid is qnly slowly reduced in cold 3 normal perchlorlc a01d 1n tho
absence of d1lute hydrochloris-acids

<
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timo rcquired in centrifuging, washing and transferring the co-precipitant. To-

obtain a more rapid analytical procedure, other chomical properties of astatine

o

were étﬁdied, particularly tho deposition of astatine on metallic foils which may

be measurod for alpha activity directly. - Although astatine is chemically similar

to iodiﬁé; the lightor halogen homologue, it also shows definite metallic properties.
Thevsimilarity between édjacent elomqnts in the last rows of tho periodic tablo is
quite mérked and astétine shows & close resemblance to polonium in many of its ‘ .

1,6,7

properties Since polonium may be quentitativoly removed from dilute acid by

deposition on silver 10, a similar study was mado with astatine. It was fqypd:from
these studios that astatine in biological material may bo quantitatively rocovered

by deposition on' silver foil from & 3 normal perchlori¢ acid solution gofter organic

métorial was oxidized by tho perchloric-nitric acid digestion.

Determination of Astatine by Deposition on Silver Foiiz A sample of astatine
containing tissue is digested in & mixture of pdrchloric~nitric acid as described

in the tollurium procadura, After digestion'is complote, the solution is ovaporatacd
until the porchloric acid fumes (approxe. 10 ml), dilutod to 3 normel with tho
addifion'of.distillod wator and transforred to a 50 ml beakor, A 2 mil thick
circ&iarmsilvof foil of & sizo conveniont for alpha coUntingll is placed in the
bottom.of thé beaker;and the solution is stirrod for 30 minutcs. The foil is
washed in wator and acotone, dried in air and countod for alphe activity. Typical

analytical rosults are shown in Tablo I and IL,

10 Erbacher and Phillip: Zeit. fe Phys. 51, 309 (1928)

11 - ‘ ..

Although the astatino doposits principally on the top surface of the silvor foil,
for quantitative results both sidos of the foil werc countod for alpha activity,

/
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Summarys Procodures for tho radiochemicul anulysis of ALY 5y biological material

have beoﬁ descriﬁed. Organic substancos can be dostroyod by porchloric acid-nitrio
acid digestionlwithout léss of asfutiﬁe by volatilization, 'Astatino may bo isolatod
for alpha counﬁing from & 3 normal pcerchloric acid solution of tho oxidation product.
by (1) co-precipitation‘witﬁ méﬁaliic tollurium or (2) deposition on silver foil;
Both prgc;éﬁrgs ﬁay‘be usod fBr'quantitivo analyéis. The silvor foil mothod,
howovon, is simpler, roquiréslloss timo and is moro easily adapted to routiﬁo
dotorminations Whoré.large gumbers of tissues aro to bo analysod.

“
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TABIE I

COMP4RISON OF PROCEDURES FOR THE RuDIO~CHEMICAL ANALYSIS
OF ASTATINE IN BIOLOGICAL MATERIALS.

Porcont of Recovery

fg Method
) bt tp—

Tissuo (10 gm wot woight) To Vothod
‘ F5£ A ‘ 96.0 (74.5)' és.o 94,0
;éonq | 95,5 10540 1050  95.0 -
Skin | 98.5 025 1000 98,5
Musclo 94,0 108.0 99.0 5.93.9

—

:.
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TABLE II

RATE OF ASTATINE DEPOSITION ON SILVER IN 3 N
PERCHLORIC ACID

Timo | Perpent Daposited
0 -~ 10 minutes 7365
l10-20 " ' ’ | 2000
20 ~ 30 " _ 800
30.- 60 " ; 2.0

Total 103.6





