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ABSTRACT 

Artatine-Zl 1 and iodine, both gtable and radi08cthm. in biolo@crl 
material in runplcr up t o  50 g r a r  C- be determined by the procedure 
dercribed. Timrue is digerted with chromic =id, -the mLrturs ir reduced 
with W c  acid, and the iodine m d  astatine 8 re  dimtilled q w d t r t i v d y .  

At211 and L1= a r e  then determined by radioactive amnay, urd Stable fodine 
by mpectr ophotomctr y. 
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The thyroid glandr of experimental d m d r  have been shown to accumulate 

orta t in t -211 ,  but to I lerrer degree than iodine-131. ( I g 2 )  ~ t i g * t i o l b o i ~ ,  

r m i i e t d i t y  at ~t'l' in rati ~d monkeys idcatmi t b t  it w o ~ l d  tn safe to 
attempt tracer rtudiap m the accumulrtiaa and retentian of 

thyraid g1md.r {*' 3, 'Ns raadta 4 apzolimiamy dud7 of tho uQtrk in 
thyxoid g l u r d m  of 5 Q ~ c  d 

im the human 

rQnidrtered oral ly  to pat idm wbo 
updug0 thyroid a u r p r y  have bees reportd elrawhere. (* 

21) In order to properly evaluate the reaulta of tracer atudier with At 

the thy-roid gland of man, it warn felt that data rhould be obtained an atatale 

iodine content, and the accumulation of M211 and a tracer dore of 1131 a h u l -  
kneourly in the aarnc indiv idd.  

-on et al. t5' and by Hollander et al. 
p u t i c l a  emimrion and by K-capture which iL arsociated with 80-kev x-royr. 

Iodine-131 decaym by beta-particla ernirrioa r#rociatsd with 8 complex Cl#crda 

of gamma ray.. Since the decay of both radibirotopea involver the emirrion of 

photonr, it i r  poarible to asrry wet  tirrue rampler directly with 8 .cintillrtian 
counter when only ana i r  prerant, When both AtZf1 and 1131 u e  prrrcat in 
the *ana sample, it ir  necer ruy  to meaiurc the alpha particlar of the At 
in an ionization chamber which i r  Larenritfve t o  beta p u t i d a m .  In order t o  

count alpha particle, accurately, the rampler murt be nearly m&8#1eBr. 
A lead filter, 0.5 g/cm 
dpbr prrticlta and x-ray#, and the beta puticlem from the I13'. The g u n m a  
activity of the I l3'  can be measured with M NaX-TU acintillating cryrtil 

The chemical and phyrical properties of At211 u c  @van in detail by 
h.t . t ine-211 decryr both by aha- 

21 1 
. .  

2 211 ia  then p l a c e d  over tha rampler to abrorb the At 

Thir work war performed under contract of the Univerrity of California 
under the U.S. Atomic Energy Commirrirm. 
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gumna countsr. A detailed diicurrion of the problem. invdved in the radioadvs 
assay of MZl1 ir g i v a  by Hamilton et rl. (2) 

It w i u  therefore necesruy  to subject the aurgicaUy removed buman thyroid 
rpccimanr to & m y t i c a l  procedure t h t  would meet the following rsquiremsntr: 
The detarmirurtioa rhould be quantitative for AtZL1 m d  for the total iodine present, 
both stable m d  radioactive. The 5 a l  product ahodd be 1 neutral or slightly 
baric r ~ w o u m  rolution which when dried would be nearly free from mrar, the 

procedure ahould not be too time-coaruminp becaurt of the ahort half life of the 

Atz1’, and the method rhould be applicable to fairly large sampler, since 
goiterous human thyroid. often weigh mora than 50 prams. 

The procedure ta be described i 8  bared on earlier work by Hamiltm m d  - 

The following raactiom are  prerumsd to occur: During the digeation of the 

timmao with a mixture of chromium trioxide md 18 N rulfuric acid the iodine ir  

oxidited to iodate and the AtZ1’ to I high poritiva-valence state; oxalic acid ir 
added, reducing the iodate to volltile I2 and m o m e  of the At2’’ to Ato, which 14 

a180 volatila; and ferrous ion is added to complete the reducticm of At211 to 
the tero-valence rtata. 

. 
Soley. (7) 

- 

Maiar idr  m d  Method8 
The yrpurtur conaimtsd af 1 we-liter C l d r e n  f h r k  fitted by 8 ground- 

glass water-jacket ccmdenrer with,& delivery tube bent Pearly to a T i g h t  m g h -  

Erlenmeyer flamks ma-third full of C C I l  and rurroundad by an Ica bath rerved 
as  receivarm, 
w e l l  below the aurfice afthe CC14.. 

The detail. of the rdminirtrrtion of the At211 to the patient. and the hadling of 

thyroid glandr were weighed, urd no more than 50 graxnr w u  employad in a single 
determination. 
qqwxdm8tely equal portianr which ware asiayed separately. The tirsae sample 

i d  r m e  g l u r  bead8 were placed in the flark with rppraximatoly three timer 
thd*tiraue weight of chramid trioxide. 
three timer the tismua weight of water. 

a volume of 36 N sulfuric acid equal to that af the water war added rlowly 

glarr j d A t  to 8 M r t l s  tub Mth a 8topc0~k rad by 8 recmd joint to .II a- 

The receiving f l lakr were placed 10 that the delivary tubs dipped 

T h e  kzx waa prepuad by 8 .modific8tim of the method of G u t i r o n  et d. (8) 

the thyraid gland. after their mrgicd removal a r e  given elmwhere. {*I The 

T h r o i d  glrndr weighing more than 50 gr.mr were divided into 

T h e  neck of the flrak w a ~  warhed with 

After the initial bubbling had rubridad, 

- 
i 5 8 3 C 4 5  
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throughthe thirtle tube. Since the redwing capacity of biological materidr ir 
vuiable, it was s o m e t i m a r  nocorauy to usqmora than the rtahd unountr of 
rcapcntr. Th. color of tha rarction m i x t u r o  usually w a s  indicative af the progfeam 
of the Oxidation. Perriatrncer of the duk-green chromic ion indicitsd thrt th. 
oxidation wa i  not complrts and more chromium t r i d d o ,  w e e r ,  urd rulfurie 
acid vera added. All  the rmageatr used in &e80 urperirnsntr wera c.p. grade. 

" 

I 

'Whca the additJon of tha acid was complet., and the violrat reaction had caued,  

the flrrk war bated #lowly to a boil, urd wator w8r distilled =ti). the u n o u t  of 
water cdlected in the receiving flask was nearly equal to that originally added, 
or eXCe88 chraxnium trioxide precipitated. A small amount of dirtillsd 
wrt8r (10 to 20 ml) war 8ddad rad the dirtillation war continued for a few minuter 
to  inure the complete removal of chlorine and to wash out the cden841. Over- 
heating war avoided bacrure of the pordbllity of carrying 8prttersd dichromate 
over into the condenier. 

The roactian flrrk warn then i l lowed to coal to about 5O'OC, and tho receiver 

aquc0~8 of organic pharer fn the f irrt  recalving f l u k .  
From 50 to  200 grams 0.5 k a l i c  uid, * depending on tbs m o u n t  of tirrae 

in the r u n p h ,  waa rddad a l ~ r ~ l , ~ ,  8 few c r y r k l r  at a time, until the a V O l U t i O a  

of C02 ceased aad the .dud& war dark grora i~ color. The nark was then 

heated and water, iodine, md..tbme of the Atz11 were dirt i l lad over ~ t l l  the 

brown iodina color warn no lo& direernable in the delivery tub.. The dirtill.tion 
W8s camtinuad until -0th.r 20 to 30 ml of water had bean collected. 

. .  

After the flank had coolsd.pauly to roam temperature, three b o a  the tissue 

wefght of anhydrous fezrotu mdfato warn added, and the neck d the fl4rk war 

warhed with 20 ml of watar. 
ceiving fiamk, until fertow sulfate procipitatsd in the bottom of tho flank L a  a 
praenirh-white solid. T h e  distillate Md th. CCl, were tramforred to a l u g e  
meparatory funnel with enough 0.2M Na2m3 to completely reduce the iodine. 
The h y c r a  were acpuated  and the CC14 w a i  d l r c u d e d .  

The distillation war continued, uring the l a m e  re- 

- 
The volume of the 

+The U I O  of large cryrtalr of oxalic acid ir  recommended, a .pach l ly  fn the 
e u l y  rtagar of the reaction, which i r  quite violent. 



rqueour lapr  w8a recorded, rad duplicate d q u o t s  for r d o r c t h e  array W w a  

pipettad fato clean tinned bottle cap.** Oas ml of 0.2 - N KX in 0.1 - N NaM and 

an QtCeBi of 0.1 _. N AgNO, were rdded, Tha munplar were &ad by cuefully 
rot8ting the c r p a  rod ware dried sbwly uadsr a he8t lunp at 75O C. X f  8 r u n p h  

of AgI that contains art&xm i a  reduced, ill the artrtine La found on tha prscipitr- 

preaumibly as a rem& of the efficient rcaveagiag of the  a~tatine by the mixad 
A#-AgzO precipitate, which, CUI heating in coatact with the tinned mouat, i r  

reduced tp form a thin uniform fib of metallic silver completely bhdiag the 

airtatins. The iampler were arrrvod for At211 alp- activity in 8a k d n 8 d w  
chamber. and for Xl3I gamma activity with a rcfntiUation counter I O  described 
earlier. 

The .table-iodine content ofthe runplea w u  determined by oddiring an 

tai matdlic rilvar. (5) The sampling technique dercribed above 18 qurntihtive, * 

diquat of the iodiae-conUing di r t i lh te  with dilute HCI aad WZOt d r*&sxtraM- 
ing into 8 haown vohune of ccl4. 
rnearured with 8 pradourly calibrated B 4 c h . n  mpeetrophotometcr at a wave 

length of 570 m)r. 

The cancentrrtf<m of I2 La the CC14 VU 

R e 8 d t r  

The .scuru:y of the above method warn checked by pilot Cxparimcntr U r h g  

ramplss of rat rnamcla or bed tbyroid to whlch had bean added huwm u n o u n t .  of 
Atz1' a d  The recovery of the At211 wau 90.2 t 2.8% and that OiI131 wa8 

98 * Is. 
AS h the e a r l i e r  work of H&ltcra m d  Sdsy") , the rscovery af b d h e ,  both 

atable and radioactive, was quantitative after the reducti- with cullic mid .ad 

the mubreqwnt dimtillatfan ar 12, When the pflot srpcrimentr were performed, 
it wa. anticipated that Atz1' would be recovered q k t i t a t i v a l y  in the CC14 phara 
f o b w h q  the rsduction with oxrlfc add, a8 wa l  fodhs. I t  -8 form& however, 
th8t the recovery of tho At211 war erritic, 10 that the rubrequant redaction wi!b 
ferrour aulfatte w a i  included in the method to  fnrure the r c c u r r c y  of the dehrmfnr- 

t ion o f A t 2 1 1 *  
SUmmlr  

A procedure for the deterrnlnati2of At2'* and i d n u ,  both .tabla and 

** Whan there bottle cap8 a r e  
I thin A h  of lnquer . Tbf r i r  
NaOH warmed on a hot plate. 

I i s 3 4 4 1  

received from the dealer, .they are  coated with 
removed by moakhg for a few hourr in 6 - N 
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radioactive, in biological mrtrrial is darcribed. 
to runplar weighing up to 50 grama. Tha tisiue i r  digtrted with c b r d c  

rcid and 18 N H Z S O I  without the lorr of aithsr of the radiohalogens by 
volrtilbrtion. Both iodine md Att1' a r e  dimtilled quantitatively from tba 
d i p a t i o n  mixture aftor rtductioa with d c  acid and Fern4. 
of ?e AtZr1 i m  90 f 2.8% and that of 1131 i a  98 f 1%. The rtable imdine i m  

determined rpectrophotametrically. 

The procoduro is applicable 

- 
The rocovary 

Achowhdgern eat8 

' h e  authorr whb t o  thank Dr. WKuren M. Chrriros far bi8 many helpful 
rupgcrtions; Mr. C. Bernard Rorri md the rtaff of the 60-inch cyclotran, 
who were remponrible for the production of the AtzT1, mi8 Margaret Gee and 
Mrs. Ruth Ncwman for technical amriitmce; and Mirr Catherine Sjoblom for 
the priprrrtion of the mraurcript. 
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