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% N Eiictolien ¢f Irarovensusly Récinietescd Rafled e fiesica
in £—2a Czin-o ©0d tha Riletdve 2525 tion
frea the Eomen Cosirolintectincl Troct
of roZ2icn ard Thszica in Cirmletcd Rrddua Ticl paists

1. ph-irrct

An eparicest hes becn confacted to dotermina tho rclzstive alcorp-
ticn of thasiwm to reiicn froa the gactrointectinzi (G.1.) tract of
norcsl hutin koings., Tals Lnfoﬁc::tion is nceeccery in tha intcrpreta=
tica of tha toxicity d=ta of Ra dial pcinters, a large nuz=bcr of whom
ingcctcd not oaly m226 but also nzze zloag with sors frzction of an
eguilibrian arount of its dzughter, “228. For use in tox:icity correla-
tions to date, the dosimctric equivalent of Rana has been expressed as
a inimm pure h226 equivalent (MTTC) which presu=ss no d.o:xi.r.*tri.c con=-
tribution from originrlly ingested 'rhzza

Ezch of a group of elderly zmale and fezale humzn subjects was
ed=inigtercd, intravenously, ccrrier-free Razz‘ in saline or ,n>34
isotonic citrate. FKctebolic studies, conducted over a pcriod of 21 days
for Ra and 4 eoaths for Th, include mecasurexzznts on blood, urine, feces,
and breath sa=ples, and on the whole body and the uppcr 20X of the body
with the gactrointestinal tract shiclded, using a new so-called "skull
and croscbones® (SxB) position.

The whole body retention of Ra decreases to ~15X in 20 dzys, while
Ra in the total blood volume decreascs to 0.3% in 4 daya. The a=ount of Tm.
in the breath drops quickly in 2 dzys and decreases to 1.5% of the total
Tn in 20 days. Radiun is excreted preduinantly by the fecal route, the
feces-to-urine ratio averaging ~30. The croascover time (the tire when
tha blood and skelctal specific activities are equal) is ezticzted to De
~75% 4dzys (range 40 to 150).

The whole body rotention of Th is ~ 20X at 2 xonths, and d:crecses
slosly, while Th in total blood dccreeces to ~0.3%X in 10 days. Th is
excreted mzinly through tho urincry route, tho urine-to-feces rztio |
averzjing ~10 for males and ~20 for fezales. Tho shicldc2 £:3 meacure=
ments indiczte a dicproportionately szzller a—dunt of Th in the upper
~207, of tha boly for rales then for females. The reacons for thess two

sex differences in tho mctebolisa of Th are urnknowa, D OE /HQ
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£2ch of & c£cosnd goov) of ellzrly kolo end femils pemzl hozin e
Jccto woa elciindctered, eoilly, a goletin copcule esololnfng elrclrted
Ra dlzl point conticting cf mzz‘ C:‘)‘. r‘an‘ {(co ) g0 & 1 :..'.‘3‘ coreiey
dezozitcd on €nS phocphsr co sinulzta the origin..l ra &iz1 painto, e
trenspcrt of Ra and Th ecross tha gut woll was dcterminzg by tho c==e
pcrsure=cnts dcceribed etove which provid:d cclibreticn é:ota fer this
phate of the esporimont. 21l pcthoda of maasure=gat are necerelry bee
causs of the eypected low Th ebcarpiica ard of tho grest poccibility for
contezinztion.

Tho rccults indicate a transport of 15-20% of tha Ra gcros3 tha gut
wzll. This value is unexpcctelly high, cocparzble with that of Ry from
drinking water. The dztcction of the trensport of Th is bordzriine, cor-
responding to ~0.1% thzat of Ra within a fzctor of 2. It is coxcluded
that the zbzorption of Th??& ({in equilibriun with i{ts parent Razza) from
real dial pcints is unlikely to have becn high when dizl pointers tipped
their brushes in the 1920's. Theorefore, in these diecl paisters the con-
tribution to the intcgrated razdiztion dose by the initizlly absorbed
‘rh22B is < 5% that due to n‘228

On the basis of these abrcorption results, the use of *minirm® im
the concept of pure Ra equivalent is no longcr necessary and zll toddcity

correlations can be evaluatcd in terrs of pure Ra egquivalent (PTR).

2. Burm=ry end Conclucions

l. The purpose of this study was to doternine the poteatial im-
228 in the internal dosicstry of n‘228 inges=tcd by Ra dial
painters. The experiment was conductcd by adziniscering short-lived
isotopes of Ra and Th to human beings. The calibrction dzta were obtained
by a sepzrate experiment involving the intravenous ad=inictrztion of ehort-
livcd Ra and Th, providing additional inforcztion on ths mctzkolisa of
Ra e£nd Th by human becings. '

2. ¥Mcthods for the seporetion, purification, preparction, and

standzrdizetion of Razu and Th”‘ are dcceribed., Corricr-fres preoiras- C

portance of Th

tions are mado ucing ion-exchenge proécdum. ¥illicurie a=dunts of 3
‘rhz“ ere scperated from slsg obtained froa urenivn m:lts. Procedures L
are dcccribed for tho prcp..ntion of m'ro"c'x-frea stczile Rat?d ang C

2” solutions for intravenous Lnjc tians. A pmceﬁure for e C

294 - .24 .
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3¢ 2niiyilcz) tecuniguoa fnclvfy moacerczinto ¢ Lizsg, treolh,
urine, arnd fosoa soples, cll of vidch ezo €osooibed,  Kislo-boly
Eclsuresinte tra m2fy ucing an ere R:thod for ehzcluto mocserenints
end the stendo-d clizir rothzd, A nos ecothod {6 dozeritca, tha co-cclled
“chull end crocshonzs® (©0T) technique, in wliich tha vrper ~20% of the

 body is expofcd to th. .etector while tha rezzinicr is shiclé:d with Fd

to provids an gttenuztion of ~1o"3 - 10-‘ for 2.61-4:2V ge——13 rzys

sricing frca aayvhere in the hu=:zn G.I. trect bclow tha level of the
top of tha stonach. .

4. The huzin subjects for this study were normcl xales and fexales
with 2n 2ge rango of 63 to 83 years. Thoco iniividicls were sclected oo
the baols of a d:triled mcdical history and a d-tailcd cliniczl evzlua-
tion. In pzrticulzr, there was no evidcnce of significant endocrine,

‘gactrointestinal, or skeletal disorders.

S. FPollowing intravenous injections, Razu dccreases rapidly in

blood t»a ~10-2 the value at t = 0 in ~5 days. Yhole-body retention is
15X at 20 days. During this observztion pcriod Ra retcation is ~1.8
times greater than that predicted by the Korris, et al., powcr {uncti.on
but the expcrimental values appear to be converging to this powadr
function. Fecal excretion is the primary route of excretion with the
fecal-to-urine ratio = ~30. Ten percent of the initial total Tn pro-
duced in the body is found in the breath immcdiately after the h224 ad-
ninistration and this value reduces to 0.3X in ~20 days. The Tn in thea
breath expressed as a percent of the retained Razu decreases to ~1.5%
in ~20 days, a value 10 times greater than the vzlue found in subjects
with long-term burdens of lu”e. The crossover tims (the time when

the blood and whole body specific activities are equal) is ~75-dI¥l
(cange 40-150 days). The calibration expcriments indicate that the arc

mcthod of dotermining whole-body Ra burden is accurate within about

+5%. The fraction of the Ra>2% body burden determinod by the SXB measure~

ment 1s ~ 40X of that of long~term Ra”s burdcne, and this difference

is expluinable in terms of the mzu content of soft tissue and of the
lower G.I. tract (marked for excrction) at times rclatively soon after
ad=inictrzction. The recults showcd no significant dcpondence on sex.
6. Following intrevenous injection, ,m234 dccreages zore slowly
than Ra in blood, to 0.3% the vzlue at t = 0 at ~10 days. Whole-body

retention Ascrensos to ~92% in ~3 deys and dccreascs very slowly over

DOE/HQ

the ~110-4zy obscrvetion perlod (ranjo of bilological 'rm w 2 years to ®).
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Urircry excrcilca lo tho prinsoy revto ef exsmelicn with ¢ fcazz-tc=
urins retio = ~0.03 for colcs end ~0.04 for fcisleds %id coliiraliza™
experdments inflcste that the ere mothsd of dsteruinirg whole-loly T |
burden is eccurazto to ~ 316 but with €323 ir*fcctica of 8 trcad. The
frections of tho thidé boly burdzns obecrved vith ths £ rozcurezints
are constznt over a 2-caath period but ere éificrent for nilcs and
females. Tho diffcrenccs in body Th dictributicn ard in excrction ob-
tcrved betwecn ths escxcs is a ncw obscrvetion tut remains uncrplained,
7. Tha experircsat on tho rclative abcorptica of Ra znd Th was
conducted by 2dzinictcring to each of a group of subjccts sir:lated Ra
dial paint consicting of 33224 so‘, Th23‘ (804)2. anl Baso‘ in a2 p-trix
of znS phocphor, all contained in a gelztin ccpcule. With both nuclides
given at the sacc time, each subject servcd as his own control. Trans~
port across the gut wall was d:terzined by all tho measureccnts des-
cribed for the intravenous studies because of the expccted low transport
of rh234 and of the great poteatial for contamination. Transport is
calculated from the data obtaincd long after the transient effects ot
the absorption process have becoee nc3ligible. N
8. The transport by human belngs of R1224 from such siculated Ra
dial paint was found to be ~20X for both sexes (excluding one male
who showed ~1% transport and who was later found to have achlorhydria).
This value is corparable with that for drinking water. The arounts
estimated to have been eaten by dial workers and the resulting body
burdens observed many years later are not inconsistent with this value.

9. The transport of Th234 under the same conditions was found to

be on the borderline of detectzbility and equal to ~0.1X that of n‘224
within a factor of ~ 2,
10. With this low value of the relative absorption of Th to Ra,

it can be concluded that the internal radiation dose from ingested

Th228. when present in equilibrium with its parent RA!ZB in Ra dial

paint, {s <5X that of ra®%d,

1}. In the study of Ra toxicity cases at M.I.T. many subjects
had ingested both Razzs and Razza; For purposes of assecsing tho clini-
cal findings with the coxbincd cffoct of these two nuclides, a unit of

minimum pure Ra equivalent (1:PRE) has becn uscd by which the dosirztrie

contribution of R‘228 is converted to an equivalent quantity of 3.226

The use of the word minimun was used to indicate the unknown, if any, DOE /HQ
contribution to the ra??® doso by the original Thzza prescat in tho paint.

i it el - # tha meame nt vasnlta. tha ThzzQ can be nealected and the
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seirztivde eedenlcit ¢ m"a c:n o2 Lo eoecccies a riro fa
cidvilent (EXD).

3. Thay Gom-onrtive potcuclirn ent prhcamrtion
©of R2Ziv0 £n4 Thornivs dn Fonen Poings

For thoso concerncd with ths heclth prebless invslving iczicing
rc2ietione, tha cffceto in living tieszuces of r.an‘ end its @==chter
profucts h:vo ceopriscd a "bezch mork® of reftcdlological mczcure om
waich hzs boza bagcd ruch of tha thinking rcleting to protcction
stand=rds for intcrnzl c=ittczs ovcr tho pect two dscades. [iginaing
with the obzcrvetion of "reZiva jav® in &lal pointers first rcpsrted by
alun‘ waich was sooa followcd by tha nos classic reports published by
K.::t.lnndz”, there has e=cryved a series of lonjy-term ctndlu"s
dzteiling the voriety of effccts due to Ra and ¥cTh. A=ony the notedle
changes have beca necrosis of the jsw, zplectic ancias, and the dsvel-
o2nt of octeogcnic sarcomar, often in conjunction with spontaneocus
( >logic fractures of the “>ones.

It is known that the d’zl pzint contained Ra or a mixture of
un‘ and its izotope, mzu (¥=Th) usually in partial cquilibrium with
its daughter product, Th22” (rzdiothorium, RATh). In the dial painting
performed in Waterbury, Connzcticut, for exacple, the piinters used a
mixture containing both thcse isctopes of Ra. The radiation dosixetry
and toxicity in these Jndividuzls would thus be merkedly differcnt from
those who worked with paints contzining mzzs

The problens uttenda.nt- to the fact that mixtures of isotopes were

used in dial paints have becn reviewed in soms dctan‘- After teking

226

alone.

1. 7. Blun, "Osteccryclitis of the Kxundible and Kexilla®, J. An. Dental
Assoc., 1}, 602-805 (1324).

2. H.8. M=rtland, P. Conlon, and J.D. Xncf, "Scme Unrecognizecd Dangers
in the Use and ths Han2liny of Radioactive Bubctances, with Ecpccial
Reference to tha Storcge of Ingoluble Products of Radiun end Kaso-
thorium in the Rcticular and Endothclial Systea®, J. Am. Kide ASSOC.

85, 1769-1776 (1925).

3. H.S8. ¥ortlend, "Ths Occurrence of K:lignancy in Rediocactive Percons®,
An. J. Cancecr )8, 2435-2516 (1931).

( J.C. Aud, R.D. Evens, L.H. Herpelrmann, and H.8. K-rtlend, "The lLate
£ffects of Interntlly-Dcoosited Rcdiocctive Natericls in Nan®,
Mciicine 3}, 221-329 (1952). . .

s. R.J. Esctcrlix, °Tho D:leycd Toxicity of Redium Depooited in the
Ekcleton of Eu=cn Ecings®, Proc. Intcrnctionzl Confercnce oa Peaccful
Uses of Atocic Energy, Gencva, 1958, 2, 149-133 (1959).

I8bb294 DOE /HQ
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1n§g considiretion tha phycicl el n:tc.::!..‘..o poesiztics of 70 2'3 Yy .
A prreyd
» tholr Coughter profucts, thiir holf-posiods €3 well e3 :u-u- .f'

clpha cacrgico, it can bo czlculated thet Th 220 é:livera ~20 ti=cs ¢ oy
tho totzl dsse to bona thit ‘ra%?® &5c3. B2zcd on esuivalent £iccoe. .-
curlo retention, cocparative tondcity ctucies in dops ond mice 6.7, g |
have in general supported this rzd doce diffcrenco in that c:::.ivalcnt v N -
a~ounts of Thna and luns rctaincd by ono results in gbout a 5~fold .. -

or grester incidance of bongs tuzors or l.cth..lity in the &anir:ls i.njccud

with Th228 - .

For soce tire it has becn of great intcrect to &cternine to whzt .
extent any 'x'hzz originally present in dial paints =y have contributed
to the radiation bone dose expcrienced by dial painters. Kot only was

there Th22® present in dial paints dus to ingrowth fram Ra 2> but ia

228 was added along with h226 and R«lzzao Prescat day ..
228

measurements of Th in the bones of former dial painters are due to the

sote instances Th

‘arent Ra™ which was originally dcposited,cince any ’rhua ('!.'l/2 = 1.9 years)

(see Pigs. 71 and 72, decay schemes for Ra226. luzza, ‘rhn‘) _originally

ingested by dial painters would long since have dccayed away. It is -
obvious that to establish the uptake and retention of Th relative to that
of Ra would require a metabolic study carried out under rore-or-less
original dial painter conditions. Such an experiment was proposed by
zvansa and later detailed more specifically by Dudley’.

It has been apparent that extrapolations from animal data would not

be cozpletely satisfactory since experiments at the University ot Unh"o

6. T. Dougherty, "Incidence of Bone Cancer in Intcrnally Irradiated -
Dogs®, in Some Aspects of Internal Irradistion, ed. 'l'. Doughctty. :
pp. 47-61, Pergamon Press, 1962, . h

I

7. M.P. Pinkel, “"Relative Biological Ef.t‘ectiveneas ot Intemal mitter.‘

Radiology 67, 665-672 (1956). . : S e ey A‘
8. R.D. Bvans, in Second Annual Conf. on Plutonitm, Radium, and Kc.o-

L}

thorlum, 6alt Lake City, Utsh, ed., C.N. Stover, Jr., June 12-19, 1954.“'

P 67. . e

9. R.A. Dudley. *Thorium and Radiun Uptake tmm Bumm Gut. Ptopoaed PO
Investigation®, M.1.T. Radioactivity Center. Progreaa cho P 5;.7_-_' s
ppa 114-117 (P’.ay 1950). L ". -.. A 1‘ 2, .:\:{_‘ ._.' .

40, D.R. Athcrton, B.J. Stover, u.n. Vt.n mn.. 'Abaorption ot P.adiul"',w :
and Thorium Through the Gut as a Function of Chczical Form, IV®,

Sez{annual Progress Rcport, lud!.oblolcwy Laboratory. Univcrctgy s g

of Utah, pp. 91-93 (Sc;t. 1957). B S

10bb295 DOE /HQ
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_@eminctrated that, whiilo T) s ebcosicd lesa thoa Lo oot of tho tins, ths
ebzsrption of Th cculd ba greater thon that of Fa &cienling o3 chc—ieald
forn or enlr:l epccles ctusied. . .

nro:dl} cpecking, thoze etuZice oa huzain sudhjccts wilch hzvs beon
reported rcflcst the findings {n anir:ls, particulzrly those stulic)y with
reference to the Ectcbolism of eoludle Ra saltsils12, 1n general, for
both huzan boings and anirals, follosing tha initizl rapid cleareznca from
the body, injected Ra tends to bo oliminatcd slovly, ths totzl body reten~

tion decreasing to ~0.1%1%X in a 30 to 40-ycar pcriod for huzzn beings.

cal half-period™~. Although soza information about the metabolism of Th

In the case of Th the retention is high with an apparent long biologi-
13

14

and its daughter products following injection of Thorotrast is availadle ®

to

best of our knowledge no dircct experimental inforrzation about the

absorption of Th salts in human bcings has been rcported.

Indirect evidence has indicated that Th is poorly absorbed from the
226

hunzn G.I. ttactls. Briefly, it has been reported that while Ra .

Razze. and Thzze are present in the hucan body, Th23z is not found or is

10w16'17. This has given rise to the supposition that the rhzza originates

11. H.A. Seil, C.H. viol, and M.A. Gordon, "The Elimination of Soluble
Radium Salts Taken Intravenously and per os®, H.Y. Med. J. 101,
896-898 (1915) or Radium 5, 40-44 (1915). ‘

12. W.pP. Norris, T.W. Speckman, and P.P. Gustafson, "Studies of the
Metabolism of Radium in Man®, Am. J. Roentgol. Radium Therapy Rucl.
Med. 73, 785-802 (195S5).

13. B.J. Stover, D.R. Athetton, N. Kzllet. and D.8. Buster, *Mctabolism
of the Th228 pecay Series in Adult Beagle Dogs. X. Th228 (RraTh)®,
Radiation Res. 12, 657-671 (1960).

14. J.B. Hursh, L.T. Steadman, W.B. Looney, and M. Colodzin, *The Excretion
of Thorium and Thorium Daughters after Thorotrast Administration to
Human Subjects®. Acta Radiol. 47, 481-498 (1957).

15. W.V. Mayncord, J.M. Radley, and R.C. Turner, "The Alpha-ray Activity
of Humans and Their Environment®, Proc. Sccond Intcrnat. Conf. oa
Pcaceful Uses of Atonic Encryy, 23, 150-155 (1958).

16. C.R. Hill, "Identification of a-enitters in Formal Biological Katcrials®,
Health Phys. B, 17-25 (1962),

17. A.R. Stehney, "Radiolsotopes in the Skecletons Naturclly Occurring

[0bb29b

Radioisotopes in Man®, Radioisotopss in tho Elocphcre, R. 8. Caldecott
and L.A. Snyder, eds. Univercity of Minnccota Press, pp. 306-381, 1960.
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Quantitotivo €xta ¢ thy roletiva a'.::::tic.} cffa e3 "?,'f::: ¢ 3 f,\. .J
Q.X. troect hova mot booa evellelloe o o a Tl inime ATl r?; 5% '-_:-‘.-.

Tiia ctullca reposted in this pooes tc"a.c.;t € cfiort €O entieT tZ'J

" quuttioa of whcthor cr rot rhna precest 4n ¢iel painto £2XC3 &3 1':10"?.:.3 st
contribution to bone redlaticn doss. Asmuming eqailidiny existed, sany ot ~:‘ e
tha dirl painters ingc-tcd cicrocurie ezox=%s of 'I‘nz.ze ccooariblo with | r ! ; .
those of Ra®2® ena Ra??®, with a totsl rod 6oce fre3 Ta 20 times that o!
u226 for equal activities abcorbcd, it was arbitresily dscided thzt if:, .;

" our ctudies showcd tha uptake of Th to be S10° "2 trzt of Ba thea tha dou
coatribution of the thzze in dial painters could, fcr all practiczl puzb B ‘-
poses, bo disrcjyarded. 1In fect, such a rezult would chenje our present.i -
concept of KPRL* to PRE, thercdby dosimctrically accounting oaly for the {7 f'?'
effects of Razzs and nzze, and in effect dicrcgerdéding any pote_.tj.al n’."ﬁ :

bone-dose contribution izplied by the FPFZ concept. In what follows i 7’

will be shown that the fractional uptake of Th froa the G.I. tract is .y’ . . ° -

indeed szmall, and that relative to Rans it would not appear to ncke an /; L '

important bone-dose contributioan. As such, the questioa of the possible - s

toxicity of 'x'hzza originally present in dial paints would appcar to have

'
LR

*MPRE = minimum pure Ra equivalent. 1In those individucls who ingested
both Ra228 and Ra226, one can measure the current body burdcn of each ot
these isotopes. Knowing when the exposure occurred, as wcll as the .. 2 .
physical characteristics and metzbolism of the nuclides, oane cazn calcu= "'’ _'"
late the initial rctained body burdcn for each of these two nuclides. o
Since in those inctances when Th228 wzs also 1nae..tcd (vhich very li.kely -
was every inctance for mixtures of Ra?28 and ra<26 ), the a—ount of Th 2‘ w'f',- \
taken up and rctained was unknown, the bone dose which was calculable | -
(ogztho basis of prescnt-dry measurements) was only that dolivered by
Ra226 and Ra228, 1In this sense this wzs the ®minimuc® bons dose that oi-::- -
rust have been dclivered, inasauch as thoro was po way to asccount to:_'f"-
Th228, The KPRE has, therefore, becn d:fined as that azount of Ral2é
vhich will dcliver the samo total rad dose as any given mixture of: S

AN 2T g e

Ra226 and Ra220 currently found in the boﬁy The dcﬁnitlon of ¥ITE 18" 7
given by the following equations . ; R e et A PR TR J‘;
X R T  .~ R P I PRI FII RS "3'.-.‘.33 JENTEN

Present Ra-228 ) Rztio of >~ AT T

MERE = |1 + | Ra228/Ra226] |dccay llnCC . mzzamzzs R.)ZB_ “C‘l g:‘
Rotio .. first exposurof, acL/LCUr&:GS/pCi «,1_,;«0::1; :‘\‘3\

) SURPPIINS IR |

Illuctrztion for dial painters froa Wa terburx (igwnccti.cut" 2 -,mt. _,g_::-.i
io . J‘,.,{x ¥ -.. '.».rg:":‘ -7

KPFE = 1 4 (0.033) (100) (1.5) = 10.3 Kel Ba

18. C.J. Y=lctckos, A.G. Bnnn. u.n. Shnnz;‘x..n. ar:d R.D. [":a:xs, 'Quar.tl- »‘.?
tetive Cvzluction of Dose-Recponza Rcletionchina ia Hemun Boings with': .~
Skcletel Lurcone of Ra228 end Ra22Ce, in "A.-c..z::..t of Fodles ti‘v"-‘! L d
w )""1", PPO 225 251’ m. VLCR-.A. 19“‘ a ‘_- s ’ ‘“ j’“ ;'_"' -;‘f:'fv-fh, P

. - . . . o s M TR e
R A P S L PR .,:.'.."._.-.‘,_‘.L»}J et e TV S

Y
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booa £ocslved, 4n a scaco thes rezfiiriing tho Jul;=ints en W2ch tta
precint waxice porolesidble taly burdeny fer mzz‘ >ro ko224, '

It is pacliena poztine=t to peint out thot thoco caasluciens ere
warrentcl ¢ily oa tho bzsis cf tha cozZitions nnlcr which tho c:;:::i::at.ai'
wcre conlucted, enl thot ertrepolztions ebaut rcletivo Th to:icity hzve
bein £223 oa this beocis. Thus, while tho espcrimcoants arproach the &ial
painters® circu=ctences, in thet an ettept wos mzdo to ¢ sliccte dial
paintcr ingezticn coxZiticas, they oy, in fact, not fully rcflect the
true cituction,

Esth malea and fe=:les vcro- etudied. Oldcr individucls wcre used
as study subjccts, wiile the dinl pointers were actuzlly younj fe=ales,
very often still in thoir late tecns.

The mcthods of whole-body counting as wcll as excretion analysis were
used. The irotopcs of Ra and Th used wers n224 and “234. Thess iso~-
topcs were chosen zfter considaring both radiomctric as well as dosimctrie
proble=s which might be e.ncountered’- In the process of obtaining cali-
bration data, the intravencus mstzbolisn of these two icotopes wyas studied
and these adlditional results are 2lso included in the report. ’

4. )-tcrizls prd M-~thods
224 234

a. §Ecparation, purification, and prcparztion of Ra and Th for
intravenous 2nd oral ad=in{stration.

This scction deccribes the proccdures for the scporation, purifica-
tion, and prepzration of ”224 and rhn‘ for intravenous injection and
for oral ad=inictration, for the conditioning of the ion-exchange column
for pyrogen~fres applications, and for the preparation of £3ck Ra paint
coateining both Ra®24 ana 24, .

The short half-period of Ra“‘. the difficulty of mzking a good !hz
separation, the io-&y waiting period for tha bacterial ani pyrogen tests,
the dicturbonce of the radioactive ejquilibrium botween the porents, uzu
end T™h?34, £nd their respective daughters during the radioche=ical and
othcr preparctory opsraticns, all tend to m:ke the procclures for the
preparetion and al:=inistration of thooo itotopes more cecplicated than
they moy appcar. Cercful logictics are necdcd to synchronize cll the
stcps of tho procclures and &t ccrtein points the stcps are telica blinlly
with the expcctetion thot they will work, i.e., snzlytical cheslis are not

cerried ocut nececcarily at every step.

I0bb298 DOE /7HQ
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224
BTk Fa paint for orcl sd-indctretlon was k223 to ca:izin both Ra

and tadd, The rococrctica of this £ack point followo tha bazie plaa d29-
czibzd by the Rellctiology Letrorctery &t tha Ualvereity of veidd wilh ia
turn io bascd oa irfcrcation scpplicd by Fr. C. W. ¥alkeusea of tha U. 8.
Rzdiun Corporction. Tha cxz=crcicl édicd piints k-rafectercd éxxing the
post=tiarld War I pcriod hzd a varicble cocsocition frea tics to tire so
thzt eny paint prcpared todny wo:ld oaly epproxiz:zte tho old paints. The
dial paint preparci by ths Uteh group is a woll-d:fined reproduszidble paint
frec of soludble zctivities and scrves as a urcful recference.

The diffcrenco betwezn the procedure to bo d=scribed and that of the
Utah group is rclzted to the short half-pcriods of the isotopes used for
this expzcrimont comparel with the long helf-periods of isotopes used mz:s
and ‘rhna) by that group. Accordingly, the preszent procedure is uscd to
make enough paint for adzinictration to one porson.

Pifty mg ZnS phocphor, type G-1217 are placcd in a conical poly-
ethylene centrifuge tube and 0.5 El 3.6 x 107K BaCl, carrier is added.
ra%?4 40 ~0.5x mD, and 103 40 ~0.5M EC1 are added in such a way that
their coccbined volurs does not excecd 3~4 ml., If necesszry, distilled
B0 is added to bring the volume to 3-4 ml., The pH is adjusted to 3 - 4.5
with 1M and 0.1M E203 using universal pH paper. One-half ml 7.2 X
10”4« (£3,) ,50, is addcd while stirring the slurry to precipitate the Ra

and to adcorb the Th., One-quarter ml 3.6 X 10"!( B.'zcl2 is addcd as extra

2%. B.J. Btover, D.R. Atherton, and K.A. Van Dilla, "Abzorption of
Thorium and Radiun through the Gut. Effect of Che=ical Fom®,
ALTU-3418, pp. 14-16 (Karch 1955). :

¢ gir{lar to the phosphor used in ths post-World War I era and obtained
froa the U.8. Radium Corporation. ’

The perceatage co=position of the ZaS phozphor, >200 ma2ch, is showa
beloss 2n and 8 were deterrined chezmically vhille the othaor eslezcints
wcroe antlyzcd spectroscopically. Note that Th is preseat in the
phocrhor correcponding to <15 pg Th232 per crpsule of 50 r3 phosphor.
The Th232 ezn bo as much as ~2000 times arexter than the ~8.6 ng Taldld
ad-inistercd (~200 pCi). The Th228 or Ro224 pctivity contributed by
this s=ount of Th232 {n the &ock pcint is X£1.7 pc and is trivisl com=
pored with the dctection sencitivity for the body mezcurecints of
Ra224, Gom=a mseturencnts on the 2n3 phosphor placcd 4n a clezn poly-
ettylcne conteiner showed <100 pe Ra24%/g phosphor, an e=ouat which
{8 alco trivial. ‘

Zn 66.1, 8 32,6, E7 < 0.01, ra < 0.001, As ¢ 0.091, 3 ~0.0),

" o« D.001. B < 0.00). Cu 0.023-0.03. T <« 0.01. ™ < 0.0).

e - —— S— ce—— ——
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srricr end 0.1 £l 7.2 x 1072 (171.) ,€9, Lo e2Z:4 e3 c:.:::a t)‘ t: t’::ca ‘
a manlemun preaipltztion end edzorptica onto tha phosplzz prrticles. L -%*: o
ainzl volury {s ~9 rl (Qr {o eZjucted to this voluoa vith &C:ittc;.; CLS-: o
tilled H,0) end the paI is ctill ~4. L
Attcr ~10 cin. tha clurry is coatrifuscd z.d tha supsrrcto is re~a~cd o
vith a cepillery pipct. The centrifugction and resovel of eupirmite are 7
repcatcd thres tim=s vith 3-zl sliquots of dictilled nzo end tuico vith
2-01 zliquots of acctone. Easugh acctono is left froa tha lect wach 80
that a hcavy clurry can ba eade, rhé slurry is trancfcrrcd with a czpil-
lary pipet to the smaller hzlf of a Ko. 3 gcletin czpcule (hzld in styro-
foan), the phocphor scttles quickly, and the excess acctons is rcturned to
the centrifuge tube. The procedure is repeated until the transfer of the
phosphor is cucplete. The acetone is allowed tb eveporate froa the czpsule
_until the phocphor is daxp (do not take to drynesi bocause the product is - -
very powdery ). The capsule is sealed by wctting the upper outer surface ot
this smaller half of the capsule using a brush moistencd with water.and
quickly pushing on the larger or top half. Overnight, the recrcining acetone
diffuses out and the paint is powder dry. As a precaution, this capscle
is stored in a larger No. 1 gelatin capsule and sealed in a polyethylene
vial for standardization prior to ad:inistiation.
The radioactive yields of the mock paint are not corpletely predictzdble.
The Razz‘ yield averages 50%, range 5-80%, while the Th234
S0%, range 30-60%.

yield averages

224 234

b. Standardization and physical chaxacte:iéticl of Ra and Th

Standardization of R‘224 for purposes of adninistration to huran

subjects is carried out against a sample of Th(KQ ) ,+SZ O of known pedi=
=X

gree and wcight and contained in a glass ampoule. The standzrd is greater

than 40 years old so that there is sccular equilibrium betwecen the thzaz

and its daughters. The activity of the Thzsz stzndard is bascd on its

half-period, taken to be 1.40 x 1010 years26+37, ‘
A einplificd dccay schexe of Th232’ including Ra and its d:u:hte:.

and containing the inform:tion pertincnt to this study, is shown in Pig.7.

224

26. D. Strozinger, J.M. Eollandcr, and G.T. Seadborg, "Todblae of x:otovea‘ o
Rch yoodt Phy.. LJ 812, ‘1958’. . A . ' ’ ".

27. T.A. Porley, "Ealf-poriod of Thi %e, can. 3. Phys. 23, 105*‘-1060.

AN, Y X))
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FIG.74. Pb SHIELD - CRYSTAL CONFIGURATION FOR .
S X B MEASUREMENTS '

FIG.T5. SUBJVECT IN S X B POSITION
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csr :aa:ﬁln; to tha cexter of tha hzta, ¢lves a cauntisg rete of

~10% cp=/utter ~2 x 107 e=/iCt coatcinza in tha wislo baly, vicre

~20% of ths bo’y is scca by tha d:tcstore Tiis cszoores wctll with

the value of ~2.6 x lo’cm:::i givca in Tzble 31 oa hi=:ma sdjccts. The
phanton pcasurec:cnts are lut!iqicntly cloze to rc:lity to zllow sxco pre-
dictions of scncitivity and cclibrectioa. v

Using a xinizua dctectzdle counting rzte of 3 cr2 in the 2.61-¥o¥
rczion and ~16 cpa in the 1.00-¥:V rcjion, the results of Tadles 32 and
33 are sur—crized in Tzble M.*

T™vo gain scttings on the xultichznnsl enclyzer have beca used for
the xogt cffective resolution of tho high-encrgy or low-excrgy Y rayse.

The docignations for these two calibrztions for the B pocition are
E8SXB and L8SXB, the B and L for high and low encrgy and the § for the

8" x 4" crystal to distinguish these mcasure=cnts froa other such mcasure-
Ecats with other crystals.

The recults show that the SXB position can mect the sensitivity
requirenments of the study. In particular, the contribution to the SXB
signal froa residual activity in the G.X. tract vhich can only be interpreted
as a body burdcn is less than the minimum detectable activity per uc in
the G.I. tract.

Table 35 shows the anticipated doses required for dctection of various
fractional uptakes from the G.I. tract. These are ctlculated using the
results of Table 34 for the conditions where the subjecct's normal activity,
the subject’s adniniltqred activity, and room background are counted for
30 min. each.**

On "he basis of these phantom cclibration studies, the SXB positioa
was judged satisfactory and a final chicld was constructcd as shown ia
Pigs. 74 and 75. A steel angle-iron dolly is constructed sturdily to holad

¢puring the Th234 phantonm mcazurencnts, it bocamo apparcnt that the
senoitivity could be increased by a fzctor of ~10 ucing the 64« and
93-XeV ¥ rays ot Th234, pcccuso tho phantoa is not too rcproscntative
of the huzmzn body at those low y-rey encrgies, thcce phentea Easure=
cnts were not carried out but were left to be mida during the intra-
venous studics on the human subjects. Estirated valucs for these ener- !

mlan avwa dunlcB.8 do = . %A
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tha €23-703 1b. lezl arranje=sat dsosTibed £oo ri~. 73. Tu> CIlly ke
lerco cocterns for comvenienco in rolling it ia £22 c=t of tha [Fadp T
body counter, in this czco ca a tresk to gesc—odcte ths 6° riss isnto
the rox. Tha Fd bricks aze houred inm 22 g2-le-iroa end pocczite fora
ca a plyvood dolly top rcinforced vith azj;le-irea bolos. Tts stHjest
cits on a cuchiocncd adjucichle-height drefting choir vith a back rest.
The ch-ir is dra up until the subjcct's chost is sn=3 z3zinst the "
shicld and the chair is secured. Tha chzirx h-oight is adjusted so that
ths chin rests on ths top Fb brick with tha forehzzd z3oinst a styrofoa if
block to sct the distance of 2-1/2° bciween the ar=ica a24 cxystzl face he?
The arx3 are then placed co—fortzbly erounl tha top of the b shielld a»
around the crystal, with styrofoza blocks stsporting the elbows, as sha
in rig. 75.

¥hen large s=ounts of ectivity are in the G.I. tract, sczttered
radiztion of low encrgy and the ~72-keV Fd fluorescencs X-Izy cause hig
counting rctes in the energy region of tha 'rhzu 63-= ard 93rke7 ¥ rays.
Kot only is this contribution large but it varies with tirs as thes loca
tion of the activity moves along tha G.I. trzct. To redace this "noise’
tin and copper shiclding are used. Some of this is in the ccilirg as
discussed in the section on the whole-body counter. The re=zining 8a
and Cu chiclding is kept to a minizum by covcring the top surfaccs of th
Pb shield with a layer of 1/16-in. Sn and thea with 10-i1 Ca ani by usi
an ezsily rezovable curved masonite form (rzdius = 21 in.) covered .
with 1/16-in. 8n and 10 xil Cu, with the Cu ncarest tha sudject.

(2) Jorcurencnt of nan‘ enA Lhzs‘ in vwina goA foo2.

Tweaty-four hour collections of urine andl fecas tre analyzceld for
ra?24 and/or ihza‘ by ¥ counting. Dcpeniding oa tha ectivity, thay e=le
coatzined in scaled 2-liter polycthylens battles, are csunted cither i
the wvhole-boly counter ucing tho 8 in. x 4 in. E2I(3)) crystol and el
chenncl enclyzer or in & g=:1ler, equslly well shilclé=3 cave ucing a.

4 in. x 4 in. E2I(71) crystal and xiltichenncl analyzere
224 ‘ ) ]
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with tep watcre TVvO poirs of ctondords ero ExZ2, 019 piir conteinin; 10
tinca greater activity then tha other.

".‘b.n‘ excretica etenl:znds are preparcd in the sc=3 miancr. Thay
contein 30 cl concextreted £, and %0 K1 citroto bulfcr to kes) the
thn‘ in tslution and ere l:.::ta’to 2 litcrs volu=e.

In the incestion portion of the experizceat, the fcczl excrciion sam-
ples end stendards are mada to a volume of 1 liter to mininire poccible
lezkege at ths cover joint,eince fecsl se=Dles fram this expericoat con-

_ tain large smounts of hzu and porticulerly ‘l‘hzu.

Activities in ths n"‘ excretion sacples in tho injection phase
of the study are d:ternined by cocparing the sa=ple counting rate ia
tho photopszk of tho 239-keV y ray of Fb212 and/or the 2.61-M:V ¥ ray of
ﬂ.zaa. with that given by a suitable level standard.

( “In the ;:;gc:tion ph;;: of the study the excretion u.-..;:lc_l cozteain both
| and T™h™" . Tue Ra excretion standards are Ec=curcd to dctcrnin-\
the counting rate in the 1.0 K2V rejioa as a fraction of the countiny rate
in the 2.61-¥2V photopeczk. This proccdure allows a Ran‘ cpectrua to be
etrippcd from the co=plex spectrum of an excretion serple, theredy per-
ritting a calculztion of both 'l'hzu and uzz‘ activities. In those sa=ples
whore the rh”‘ content is very low (this is especially the case for all
the urine sa-ples), the luzu is allowcd to decay after its ectivity in a
srxple is deternined, and a measure of thn‘

later using the 64~ and 93-keV y photopeak counting rate.

activity is made sevcrcl weeks

(3) Mozcurencnt of pa2?4 ona 3234 in blood specirmens.

In the injection phase of this study, several 10-ml blood sa=ples
are drawn on the day of injcction, and one 10-ml sarple is taken on
ezch succecding dzy for ~ $ dcys.  Plastic disposzble syringes (12 cc)
with the inner surfaccs wctted with heperin are used to drrs the sazples.
Of exch 10-z1 sz2=ple tekcn, 6 ml are trancfcrred froa tho eyringe to a
drzm f1lip-top polycthylene vial for P-counting in a v:l.l.%yp.. thin-
-1led, plastic scintilletor.* The counting efficleacy for 6 ml raddt
end Th23* blooa se=ples is ~ 7%, ' |

spanufectured by Ecird-Atonie, Inc. The inncr and outer cylindrical ree

#1<~slan anrfaces are ecpereted ~0.9 cn froa exch c/lindrical feoce of
] . S s mmdenins Vave ARl Yertion,
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For rore scncitiva wiazuncniats cf (a “ uc"J sc.:':!.c.,. C~4 c..ig‘_;:
are placcd in $0-) porecilodn erucibles. ra allzl cux !.'r Ls r.:c::.; c.'.:“a
thae red cclls provida el:-quste Fa carriere S c:::;!.c: £ro c.n-a ¢ ] t.:t
plate with infrcred 12=03 end thea ere fle=cd (this process ke irg ¢1::::t a R

corpared with vacuun drying). The achcd coztcxts of thy cru“L..lca r_:o L.

washca with 0.1N B9, into cztainless stosl plunch:u md ‘ere ccunted 1n 8. _
proportional flow counter, (window thicknczd = 0.5 t:z/c:z ).t I“o c".m.,zng
efficiency with this dcvice is ~30% with a background of ~2 cpa. SRR '
Rzadiunm 224 blood sz-ples are counted with the wall cry=tzl to ditexr= .
mine the szu activity. Por greater seacitivity ia tho E2zsurezmest of -
2“ in blood sx=ples, use is made of a Ta &ec=zxnation ecthod ot Six=
zilliliter blood sazpler zro placed in 50-cl porcclain crucibles containing
"0 mg Ba carrier. The sz=plecs are dried as above and xuffleld orcsnight at
°C. The ashed sa=ples zre dissolved in 6! ET1, trancferrcd to dcezana~
tion tubes,*** and the solutions made to voluce (SO0 rl1) with ellitionall.
6M HCl. The solution is then deenanzted by bubbling water-p=pcd nitrogea
through the tube at a rate of 1 liter per min. Thoron dauzhtcers are
collected on a coppcr planchet (1 in. dia.) coated vwith cilver-zctivated
znS phosphor, with 3000 v applied, as the Tn-boaring nitrogen passes. ...
through a 4-liter collection can. After a suitzble collection tiza (1 hour
to several hours), the planchet is counted in an a scintillation counter
consisting of activated ZnS phosphor on a phototube face. Tha zctivity is
sandviched between this scintillation Jzyer and that on the planchct for.
~4y geometry. The over-all efficiency of deenanation and counting &s . .
~30% with a background of 2-4 cph. ) : ST e et ey :,
In the oral phase of the study, ~30-ml blood s "plu are taken and .
processed, as above, for counting of the “234 in the proporticnal flow . 3 N
counter. The counting is not done until sevcral wecks later to h:zuro '. _’ )
that any ra??* 11 the szrple has docayed. ra??4 yzs mot moazured in thec. >
blood samples. A pilot study, in which a gubject wz3 ac..i.nletc'c:l a dluL
int czpcule containing only Ra 22‘

breath Tn anid urinary l'uz‘“

*Backmen Widcbeta rediction countepe *: -V ¥i S I ARYLE < ay Sy “' f"'.

et LY J\ . aie -

stptteTpte to deecanzts whole blocd ‘with t.hs uso o! verious ctlt‘o lnq
&3cnts were not luccc:cful bcc..uu of exccss for=ing cecurring with t.h.

. b ca Clecnd M M . . €4 asnt .

-

s indicctcd thet p..:a:.\..tera euc‘\ u s
cxcrction would scrve as sztiefectory @.'iivey ..

. .
. e emy wiaee s
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clrreteooting in2toctors cf toichio end thus picicics elll telca-1 Llesd work
&nd exx5lirg €2¢a thy eohjcsts. .

2nircl Eloza sa=ples for tho dnjcstica pheco cf th eiuly are clisircd
fren letazciory parcosnal. In ths orsl phees, tud centrel Blood s=;les
ero cht:inza frea exch exdjest prior ¢ ad:iwuctioa of tha relicnuciidcs,
£a®?* en4 1?3 bicod stenzirds ere preparcd by aéiing sliguots of
stani:rlizcd esluticas to coztrol blood and trestiny thase blecd seples

by thes approprirte kc-thods.

(¢) poroures--t L Thowen §n gha presth.

freath se—plcs are obtainel froa the n 224  injecction subjects and

froa all of thy srdjects who ingested sizulated dial point contzining both
Ra®?% 2na ™23, The method of sa=pling the brezth and meazuring the Tn
conteat of the sz=ple is a standcord procedure in this Iabonto:y: Several
sz=ples of the sudjcct's brezth are tzken on tha dzy of ad=inistratiom,
followzd by one s:=ple pecr day for as locng as poscible.

The subject, wcrring a face mack vith two l-way valves, brezathes aged
air froz a btlloon reservoir supplied fron a preszurized tank. The ezpixd
air passes through an ~35-liter charber coataining a copper planchct thinly
coated with ZnS phozphor (with a 6000-v potcntial epplied) oa which ™a
daughters are collcctcd. Care is tixen to dctect lezks around the face
mask by cocparing the flow rate fron the tank of aged air with the flow
rate entcring a gpiroccter. When no lexkage is indicated, the collector
voltage is then zppliecd. After a sufficient collection pariod (5-60 min.),
the planchct is rexoved and counted in the G scintillation counter des-
cribed for the Ra?24 blood sarples. The cZficiency of the over-all collec-
tion and counting syctea is ~30%.

A scrics of sz=plo rcplicztions on two of tha subjccts over shart time
intervals (<1 hour) 4iniicates that mococzurc=znts have an error of $10%
when the collcction tira is 8 or 10 min, thouth counting errors xy be oxly
#1%. Thezo lergo verictions are due to phyciclogicsl fluctuztions and are
roduced with lonzer collection timcs., Eowever, counting errors increads
28 le2s Tn is rcleascd in tho bre:zth and the over-cll mcasure=cnt error is
esscaticlly conctont et ~410% up to ths ~ 20th doy of sa;ling.
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s Cllecsificn ani honilirs of eubjcsts oo t:‘-!':' R D
T™Hha e jccto in tl.ls cluzy wero ussl Lo cl.tl:"' fniravinias c.1{toge S
tion expericonts or.for goctrointestinel ctudica. L) fnliwlles 1 r:_":.zclﬂ_..' o
1n both types of ctuZy. Esclthy exle £2d fcnslo voluntess ecbjcito wore | @
usea, renging in eso freo 63 to €3 years. All subjccts unizswent & €eve .
plcto hictory end phycic:sl exz=instion. Thoy wero regoircd to Bo £x3a of - )
any ren:l or gectrointce-tinzl disczse. Endscrins or xsoicslic digsases du-
qualificd a subjest. Also, eny scrious rcccat illnccs, discrscs involving |
the skelctel systen (excepting £ild osteosrthritir) or unusucl dietery of
bowol hobits disquzlificd a subject. :
Clirical laborctory studies includ:d a white bload count, hcoagledia,
hecatocrit, differential blood count, alkaline phosphatese, blood sugar, -
blood urca nitrogen, scrun electrophorecis, urinzlysis, scrun calcimm, and
phosphate. All subjccts had x-rays of tho loag boncs ani £kull for tho
purpose of excluding thocs with bony abnorrzlities. -
The subjects sclected wore all in amzzingly good hczlth as detercinod
by these usual clinical mcthods. Table 36 surmarizes goms of the tharace
terictics and ths dose schedules for ezch subject. I
Bezfore the actual experimental study, each subject was intcrviewed for
the purpose of obtaining a background whole-body count and to explain in
dctail the nature of the entire experimont and the part to be played by
each, '
puring the experimental period, the subjects were housed either in the
M.I.T. Infirmary or at the Sancta Maria Hospital adjacent to m.' Appro=
priate mcacures for collecting urine and feces scporately were eployed,
with a trained nurse in attendance to ascure that no {nadvertant eonta...lu-.'\ o
tion occurred. Radiological monitoring procodures were ex=ployed. ' . ',, o
A bcdside coxmode was used for collecting feces in a plactic bcg \.‘uch =
was then placed in a 2-liter plastic bottle. Urine was voidcd directly !.nte ‘~
wide-zouthcd plactic bottles. ¥Water was addcd to all excrcta to nd'o w to l '
liter and 2 liters as rcquired, end 10 rl. of conceatrated By \rcm thc:\ o.d d.
The bottle covcrs wcre scaled with placticens and teps to provent lesX :"0. :
Excrction se=ples wore further wrappsd end sacled in thin pou.:r‘ylcnq‘}" 1’:'
shects to preveant eny poscible oonterination. ' Bach gteold v:alipus'lcu;ily o

Al

*}1.X.T. now hcs o Cliniccl Reacarch chtcr. but thu :acuny wis r.:at m—
pleted in tiro for this studys - . .0 L LT e ATl -:._-.j‘-';_,'i-__.-
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Tetdble 36. Tho activity ad:inicti:rc:! to esch of tha gubjects 23 indi-
cated has an error of ~+5% 4L\ the abiolute vilue as dotercined from
standardizeation mcacturencnts. Each subject was thoroughly screcned by

@ mcdical hictory and clinical exzzinztica as dcceribcd in the text.
Only the pecrtinent recults are iniicated in the tzble to shoy that the
subjects wecre norcal for their age and that the feowv x-ray findings would
probably not significecntly affect the outcomo of the expcriment. '
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cslleeted end magoureds Uoled 03 c::;.'asitca 03 8 24=t::T bozls LiZcce
mcastringe ’ '

Intrevenous nc'.usétxattoa cf tha isotopcs w3 €ons in tha 5.1.7T.

| Infirmary. Oral ec-inictrotion wes eorricd o:ut in tho lelorztery. 69
Cifficultics were encountercd in cither route of ad-inictrition.

211 bloca spocirens woro cbtained by irtravenous pancture, using the
amm oppdzite to that whcra the isotopa hed beea injccted, for those sub-
jects recciving tha isstops intravenoucly. Ecparin wos uccd a3 the anti~
coagulant and &icposchle plactic syringes and ncedles were uscd throagzhout.

Bafore the start of tho intravenous ard oral experircrts, esch subject
in the group wus measurcd in the chaoir, erc, and E3SXB, anl L83 positions

. for coatrol values. Coatrol sa=ples of blood, urins, and feces wcre tzkea
‘as needzd bofore the ad=inistrztion of the activities.

e. Radioisotope ad-inictratiom.

(1) X:thod of intrsvenous ad-inirtrction. <

Intravenous injections* are carried out after first xcacuring the
activity of the contcnts of the syringe. After adzinistering the radio-
active solution to the tubject a second kcasurement is made of the activity
of the residual coateats. The activity ad-inistered is thg diffcrence in
these two mcasure=cnts, obtaincd without a knorsledge of the exzct volume
injected or the cxzct cpccific activity of the solution. : ,

Several days bofore the expcriment starts dispos:ble syringes (2.5 al) )
are filled with the rezdiocactive solution to the appropriate voluze (~1 al)
and the hud tip is resccled with the sterile plastic tip. The plastic tip
is secured with tape and tho plunger is fixed to prevent accidental dis-
charge or release of the solution. The scaled syringes are sealed in small
polycthylene bags and stored in a rcfrigerator. &cveral Raasurezcats are
rade in the intervening pcriod to dotercine ‘that the porent activity and
dzughters ere in equilibrium. After injection in eithcr the lcft or right
entecubitel vein, the cyctea is recccled, including the nccdle ‘uecd, and
agein recoasured scvercl times. All moacurezcnts are mzde by y counting
ucing appropricte stendcrds. ’ '

~ £yringes contrining u"‘ sare stend-rdized acoinst en pgci !‘h(r’)’) Y

ctend==a4 as dcseritca 4n Ec2, D. Frior to injestioen, un. and its

0211 indestioas were corricd out by Dr. Kortin lubin of tho E.I.%. Kollcadl '
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Guuzhitera €00 4n tronsie-s “;!.1""‘1:3; :.‘::..1 7 r:‘:.':'::::t.a (3, s-.h : -;-'-‘.‘
eyTincs €£ce dnjestfea dndlects tlet €12 anacmls of fator eod Les Loolliew
sz roziniey 4n ¢4 Cysinsss e llotly efier dnjczilen tro o2 15'-?,::-1 B ‘,_
thair pre-injcstien rotios. Tho retls cf o 212 t> :.12“ it:jc::d is ~9§"~
peiceat cf tha eCullibzii ratds 4n ez oazs, &l & csrzesticn 6 ernlicd
to tho exrly countirg é=ta oa the r..bjc...l in ex¢:z to ecIsust for this s s
~ non=eaillidbrium, . b e el altages e . L
Post-injcction meacureszates oa tha syrinses &44 rot com—c2ca c:fficic:tlr"
£002 to zllcy a dcterminstian of thy e=s=nt of m’n (’rm = €J pirnatcz) vhich .
rczains in the syrinyes. Eowever, mcacure=cats of exrly blood sc=oles show
a grovth of activity consistent with tha h:lf-pcriol of Bim, thus frdis-
czting either a rzpid clezrance of BY frcam the blood, or a considcoradbly
less than equilibrium zouat of Bi injeccted. Thae lattcr posccibility &8s 7
supported by the vcrk of P. Schailes 37 vhose expcriroatsl x:-thods and re-
sults on nn‘ injected in xxn cloocly parallel thoze of this study.
Syringes containing Th?** are standardircd egainct a 1 g staadard of
pure l‘r__’oa ind4 nl 8:1)3, as dascribed in Sec. b. Prior to injection, ihm
and its protactinium d=ughters are in transicat eguilibrium. Measure-cents
| on the syringes 8 fcw hours after injecction indicate that Th 234 and its

protactinium Qiughters are injected esscatially in equilibrium.

(2) Y:-thod of oral ad-inirtreztion.

Orel ad:inietretion of the Razu end Thn‘ containcd in the capzule is,

in principle, sirple. The outer protective capcule is recoved, the czpsule
with the activity is trancfcrred to a plactic spoon, the subject wcts his
xouth with water, thcn places the capsule in his xouth and svallows it vlth
2550 m1 B 20 The difficulty in the adrinistration arises froa t.he t-:an
wcight of t.ho capsule contents, 'x’ho capsuls is so buoyant thot it tends

to stick to tha roof of the mouth or becora lodjcd in the ceophagua.' These '

37. P. Scheles, "The Bxcrction of Thoriua X end It Dm:htcr Prodacts after .
Intravcnous Injcction in Kan®, chap. 1n Acccc"“"t: ot R-"io-ﬂt'v!.t’
4n gon, vVienna, 1964, ¢ 1 i . st

® Prclicinery cxpiriments vcro eonducte:! with c:b ule: contnining r.as:o‘ Do
to dctercine whether a doudble encrpzuleotced pin (a scfety x:zocura to L.
prevent contecinction of the mouth and ecophesuc) regzeired teo lorya - o
tims for diccolution of the gelztin 4n the stcuech, X-ray c::":in:tion -osA
shovcd that 49-50 rin. wera reguircde Tuis was docmzd too long cnl a . | o
einzle cezpsule was uscd, th.u.rlng ~20 nin. for diccslution. In cae .,
of there erperireonts, tho czpsule could not b2 found dn tha e:pceted -

rcjions 2nd wos eventuclly located w3272 as tha seae 2 st
DOE/HQ
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Foctless €za ba E2n2ircl Ly eatetontnd (ha eaosulo vill wlilo 48 47 ¢a ths
rsuth, to:4n) ezro €0 pucuent eushing tha ezncule. RMtcr esciloslng tlo €ope
cule, tha ertjest eanilnuca to telo £ivesal il Coiniio (12-25 £2) 2 c=oTre
thot tha eczzile entzza tha ¢:.c.::§h. fosvnl entry inmbs tha ctomcoth regica is
cnfirecd By mozconcminte with a eurvey Rster over tha chicct and woper ed=
&ozinsl arcas. o
The gcletin czpsules oonteining both um sz rh”“ in 8 ci-:lztel éiad

point erc ctenicordiccd circltencously for both nuclidss. A czpsale caateining

only lun‘ in sirulctes diel paint is first meccurcid to dstermine tho counting

rate coatribution to tho 1.0-M:V Pam v photopszk rezioa in the Razu cpcctrum

208

as a fraction of the countiny rate in the photopcok. ot ths 2.61-K2V y of T2 _ .;

Thus, the pa224 spcctrun can be stripped froa the cocplex spectrun of the

capsules containing both hzu
luzu and its daughters and ‘rhzu and its protzctiniua daughters are in tran-
sient eguilibrium prior to ingcction. The cuter gelatin capzule, useld to protect

the scaller capsule until adzinistration, and the spoons uscd to ad-inister the

cspsules,are y-counted after adzinistration and are found to contzin -no activity.

LY
S. Prescntrction 2nd piscuccion of R-cults

This section contains the dcta and rezults of the experirmont. divided
into two major parts: (1) the intravenous studies including the calibratiom
data regquired for the second part and the mctabolism data representing a
bonus derived from the calibration regquirements, and (2) the oral studies
providing the anewer for which the whole experiment was designed? The

*711 the procedures wcre tested on é&ogs prior to conducting the e:pirimcnt oa
hunzn subjects. The results of these preliminary expcriments are reported im
progress report form38+39 and are consistent with the results obtaincd on dogs
at tho University of utah“0:13, prom the experimcntal point of view, our ex-
porimeats indicated the ditficulty of interpreting the results on the Th234
mcasuremcnts using its 64- and 93-keV y rays in tha first fcs days after the
oral adc=inistration. FPurtherzore the results showcd that the uptake of Ral24
might approach ~10 times the anticipated few percent in human beings. The
adcquacy of the S§XB mcasurement technique was also dc—onstratcd by cocparing
the body burdcns with the known body burdens obtained by difference bectween
the axount excrctcd and that adninistered.

38. C.J. Kalctekos, et al., *"Diffcrcntial Uptcke of Elexcats 83 and 90
Follosing Orzl Ingection by Euzan Beings®, NYO~9508, pp. $5-79 (May
1963) . .

39, C.J. Mzlctekos, et cl., "Differential uUptcke of Llenents €39 and 90
Following Orel Ingcction by Humzn Beings®, M.I.T.-$52-1, pp. 113-149
O:JY 1954) . . . S .

40. B.J. Etover, D.R. Athcrton, 2nd C.¥W. Yzys, *Studics of Retentioa

and Dictribution of Roé20, pu?3?, Ra228 (KrTh)), Ta?28 (Rath) and
e-CJ (n 3411t Bezalea®. dn 954 Ap~2ta cf Int-vr-)l R-dirtion,

10bb3 2 | DOE/HQ
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'sisting of results using the chzir, arc, zrd low- and hich-cncrgy £XB '-'-?. S

DAt e -~...;.v.».n.-..-u.-.:~.x.zu.:c.'zc-:.ﬁ:.:a.;'::e.z.-.':-.,"u‘.‘::".-';:.. T, TSI T ->.
' T R SN SR -3
. . .‘..._ . N ‘: ..: \i.:. - '0 X :-'3
223, T I
!-. ‘p‘ - ' . . i c e, ..-‘::‘_A.. - ‘..;". - ..';".;
Rl mctekolien rezults eaz-idtuts ea t....“‘:tlca t: tta t:::.::: Ancer: ;‘...'-'s 3 g
tha mcteblic of Ra in hicza Bainns, es;caizlly e enot t.!.':*s wfica, ...*..‘; : S
intravensus ed:icictration. Tha rezulta ¢ tro tn-tt.vc.-.:::: L.jc:‘.z::x o! e ::\
¥ HV}Q
Th zro tha firct of tl:ir kira in hu=:a r.xbjc\...n to tha <t €f ez t..-...-” "\.ﬁ
0&90. . .- L T R PO r ;' :::..-;
All &=t ; 224 230 e
Sta are ccrrected for thay phyzical &ocoy of Fa t..d I‘a : ;_. RSS!
- - 224 . - B ‘: LT T
&« Rezults pnd dlecur=~ion [-h { drjested rntrrvona-ly, e el g
The principal phycical cherzcterictics of tho humea subjests used *. - 070N
in this study and the a—ounts of raaioauclidss aZ:zinictercd gro given im -
Table 36, _ L 7
The primary hzu body ¥y msasurezcnts are shorm in Pigs, 762-e, eoa- . .

positions. The order of decreasing scncitivity for thase positions is S
*8SXB, chair, HSSXB, and arc. The resulting curves for each individual
re essentially pcorzllel leading to average retios betweea the pocitions as -
follows: 18SXB/chair = ~3; L8SXB/ESSYB = ~4; chzir/erc m ~10. .
There appears tobs a difference in the first fes days botweon the
SXB measurements and the chair and arc measureccats, with ths ratios sn to
chair or to arc being less than those occurring later. This dlttergnc._
is explainable on the basis that the 'rlzoe, or xore likely the szn.'cr— )
perhaps even the Ra, has a distribution varying with tima, Indica"'ionl' '
that this is so are given by the study of s::halel” in which a auhjoct
given an intravenous injection of hzz‘ (for anxylosing spondylitis) m
scanned over the length of the body. The curve peaks at about the mid- . ‘
abdominal regions by the eighth day this distribution has changed to coe -
in which the activity essentially docreases from hezd to toe and pn- e
sumzbly persists for a while. In the chair and arc position, tha uxcmnd

g

4

SN e N

activity over the upper abdomen will be reflectcd ih the noatmre::cnta. \rhuq ) '
the mcasurezcnts in the SXB positions will not dotect this vtivity. m
variation in this rctio terminates ahortly attcr S dq'! con.istcnt vith - g
the observation of Scheales. e T % S " N ; .:'\ 7."'.;;‘- T
The calibretion fectors (not ep...,{xcl rotcinc.) tor tha chair ar.: 83823 A e
pocition are shown in Pigs.77 and 78 The ::1crocur1ca rctal.n'ﬂ am ca.l-‘ "\‘ - - ‘;
culatcd from excretion dzta and are eon:!.etc.t vith the trc n::au:c*::nta. g,
The data show £ore varichility than would ba expc:tc:! fren temauucwira ' \"'

-ae . .-

and ecounting errors. anA nrahrhie -.-“---5 — el an .=
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! 4 of tha verlcslo Rased content 1o tha Bowil wided esa b3 eignifd

tha firct for doy3. Tus €xta chsy £33 trenids gnd ths valeso ot

t 24 d:ys tro precu=chly tha kore rclichle and repreccntoliva of 1
_ tirss, Tus adsquecy of the cheir colikcticn valcs e b lotez=is
‘ cocparicca with tha choir cclibretioa velea obtein:d for scSjecis w
| ckeclotal dburdens of 2.226 end R;zze of 30-£9 yc=rs &urctica. Tis 8

value of 1530 ¢ 12% (x & 0f) cp=/i:C1 rcteincdris not sigmificaatly

differcat froa 1550 ¢ S cp=/uCi rctzincd found in S hu=:zn sudjccts

{4 fecales and 1 zale) with loaz-tecrm body burdeons of hzzs and h:
dctercined on an abcolute bocis by the zre ::thodu. For parposes
czlculating rctention beyond t = 4 4:ys, tho cclibration fzctor of
individual at t = 4 d=ys is uscd. Tho recults on the E3SXB czlibra
presuzzbly roflect changes and variztions sirilar to the chzir calf
and are expectcd to ba juct as rcliable. The average value at t 2« -
1010 & 16% cp=/uCi rctained, includ:s all subjects and is the valve
uscd for dotermining the abcorption ot Ran‘ in the oral part of th
pericent. The larga value of tho standard deviation of the mean (M.
reflects the low value for one subject (RIVE2) (the calibration faco
is 1160 # 9% without this woz=n), but is satisfactory for the needs
the abeorption measuremaents.

The urinary and fecal excretion results are given in Tidle 37.
excretion data provids the inforc:tion needcd though not as rclial
night be obtained from a longcr obscrvation period. The daily urim
excrction is proportional to the blood activity within the accuracy
sets of data (see rigs. 8la-c). The daily fecal excretions are v
as is usually the case. The proportiontlity of the fecal activity ¢
the blood activity cennot be substantiated from these data, althougd
is xnowm tb be so tromAnany other exporiments im other animals and e
cheaical anclogues such as Ca and Sre The xost rclisble fecca-to~w

*Tho value of 1530 ¢ 12% is obtained froa the average valua of 1}
t3 given in Fig. 74, divid:3 by 1.15. The vilue of ~1.1% is
tivity rotio between L£i212 and R2224 when in trancient ezuilidbrd
cituction assuted to exiet for Ra22¢ scveral d:=ys aftcr ad-inist
In the caso of long-tern Rz220 burdcns, tha factor éoes mot appl
cince scculcr equilidriun is accuzcd for this concitiom.

41, P.D. Evens, R.A. Dudley, C.J. Kiletekos, K.I.T. Rallozztivity Ce
: Frogress Report, pp. 1,2 (Hay 1831).
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Table 37. The cocplcte excrction results zre su—-rizcd in thh tablo

which indicste that >50% of the Ra’2% {s excretcd in 5 daysand that . @ -

the fcces-to-urine ratio averages ~30 ¢ 6. Valucs in r_rc:xthcscl m
predicted froo the arc m2asure=onts oa ths stbjcct. Tha C.rc:t.ly, , ‘.'4 oLk

weasurcd fecxl excrction is lower then indiczted by tha are ma2 z::re:.:::t.- . .
on the residuzl activity in the body. 1In view of the expacted telleb.lity _ ‘ .
of fecal collection, the reason for tha discrepaacy is not known. _m:._..

is evidence, however, to suspect that one feccl sz—ple fran n.bject
RIV:IS was not collected but no proof hzs becn found. The fceo..-to-uri.n.
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rctico ero ¢nlaincd foon ths c‘:..zc.:if 9 c--:\ t.‘_u ths t:“ ._-.1,3 c::;rr.:j Y
Lt t e d-va, Tl Evoracd wolus e /3 o ~2) st t;"“"“’[ m .'r'l;',---_'
vilua 48 S~10; el-oact an tho Fa 40 emczctcd via o feesde Tl lTw
On en cb:iclute bacle, tha urinssy Ry emeociica 49 egudvalens to t..a .
clearanco of ~230 £y Café-y. Tuis vclus 4 coooarctlo to ¢hs rormal | % .)
2éult d=tly ccleiun exarction of ~23) £3 Co/d-y. ©Oa tha otlicr hand, the : '_
Ra fecal excrciion is 30 tirccs grc*t.c: end wec:ld ¢otrespoznad to & enda; cncu
caleiun excrction o ~7039 £3 Co/d=y. Tuis velus is mach lerger thaa ths
normal endsgenozs fecal excrotioa, ~200 k3 Cz/dsy. As suz—arircl by x:ys“
the rctention of tha elkclins corths by meny epccics is eszeaticlly the .
szne. Tho big exccriion is ths reteatioa of Ra in m=n. fThe rcieation is h
zuch lover end this is rost likcly due to the lergs loss of Fa through
endogenous fecal excretion. The P/AU ratio of ~30, is coopiredle with S0
the value of 35 in ono subject of Schzles3?, with 149 in one sudject of : -
rays?, with ~21 of Soil et a1.22, tuice in cne sudjcct), with S5 of
Horris et al.n, and with 75 of Lucas et a.l.“. the last 6o in subjects

with long-temrm M226 burdens.

The Ra2?® rctention is shoum in Figs. 79 and 80. The scsilog plot
of Pilg. 79 shows a rapid décxeano in retention to ~17 perceat in 20 days.
Generally, the shape of the average retention curve has the fornm ot two -
exponential cocponents, ~70% of the dose with a ,1/3 = ~2 days ) a
and ~30% of the dose with a 1'1/2 = ~20 days. These data zre mot - ¢ B
adsguate for rigorous mathematical treatmcont and were obtainzd to g!.v.
some indication of the Ra retention in humcn beings shortly after adcinise -
tration and to sec how wcll the power function of Eorris et u.u fits | '
the dzta in the ezrly post-injection period. whatever the irplications .':
of the dynzzics ot Ra mctabolism by either the exponential or power func= - -
tion equations, the latter is the most uscful mcthod !or making nuitialr :
dose calculations for Ra in man. The results of the power function plm

in rig. B0 indicate that all the erxpcrirental rccults are above the - o3

-‘0.\
1

42. C.¥. ¥:ys, W.R. Chrietenscn, R.D. Lloyd, D.R. Athcrton, V.. Barcley,
zrnd G.8. Pitchford, "Rciiun Studics 1n ¥on Sooa efter Injes tioa‘ Ry
Reecerch in Iu:dloblolo"y. Unlv. o! ch. 000-225. p'a. n-'n
{-15-1- 1952) . : 4 2 ~‘,- ioe ;..'_ ShlT, . ’. B

-

43. C.W. y:ys, R.D. L]_oyd. .R. C}‘.tiﬂt C"l, DoPu Ath-rtén. G’:, 00.0 .‘,\,.. : -3
Pitchford, *gcdium Moteboliea in ¥onb, Rctc::ch 1n Ral chlole‘:ro-- -

-t
T "-...

Univ. of Uteh, C00-227, p. 224 (l.,rch 1“6& . , RTINS .;f_
4. RB.7. Luces, J.0. Hzreholl, end L.A. Darrer, T‘a ‘1 ot ‘Faslum R

in Euicn rlood Porty Yeord sfter xn"*".Low ’ IL"-—G?s-. I“.?S-‘ll PERPE o

(Juno 1933) L 2 L L ._\. . .'” e ‘_ -',.‘..<. Do :,\-‘ _‘.“ ~'\..' ; .‘-_._. \ -!‘-_ }".,;(i'.:‘:.':'_‘..

-
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Pig. 79. Rcteation of Intrzveaously Ad=inistered uzz‘.

The rctertion results shown are cocpiled froo tuwo sets of keasure-
ments, those indicatcd by the solid lines and thoce irdicated by the
dotted lines. Tha formsr represcnt recults bascd on excrction a\.nd the
latter repreceat rccults from chair mcacurercats. This sc=ilog plot
indicates a somcwhzt repidly dccreacing cocponent in the reteation sooa
after ad=inistration. There does not seca to be any particular difference
betwecn the sexes. The bold solid line represents the average retention
of all the subjects.
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Pig. 80. Rctention of Intravenously Ad-inistecrcd mzz‘.

The retention recults are plctted in log log form for cocparisoa
with the recults obtained by Eorris et zl.which are chown as e power
function curve. The observed reteation up to 20 &zys is higher for the
subjccts than the average value of Eorris. This cffcct oy be &:o\.to
the fact that there arc ctill significant quantities of hzz‘ in noo-
bony tissues and also because of the agc of the subjects with less Ra
incorporated in the skeletal tissues. The averzge value of these S

subjects zppears to converge to the cjuction of EKorris et al.u

f0bb320
DOE/HQ




g cta®

LRI

|

-

\\
R=0.54t”
(Norris et al)

RIVF2
RIVMI
a RIVM2
RIVM3
& . RIVMS
‘e Averoge

L

_ 10
Time ofter Administration (days)

’,
1 L 111t

1

4 1

. .o .
- ’.'.' e + s '
: . ‘. SRS WL
‘ . e e e memem e -
! g SN I B JZ
- . .
‘o 2 LA O SS aY aee b
N — ST Looipdd gaihay et
: - - . e p 0w
a NP1 AR SAFRETh L AL A
(u) uouuma 10 ouom_.j dt e
Lty sl TR S e MO L Sl v SN LT T JET Ve
N T T S APPSR Y.
3 : A i | v 0 Pl e xg'::ta,‘ .{..‘;‘ A "“"i,'.:. Bl
' ’ ) TUe e . o EEATY
- R Ve -"‘-.- P S TR t‘éaaq "r- t‘ ) .\ ,'{f‘ B BRI L
N .’ - s T B . ; gy .
RIE TR S S LU i‘; - ') P \ ’\(‘; RIS AN
, R -'. ’ "v A
K M & ‘ ‘..
. _.J"‘}..q.t 4'\4. ‘ ,(,'_\ ' o -‘ or,s LR
1 {s A wl 1“.) L 3’ 3 ¥ \"A TV L ‘c\" X'c Rl <4 ”'"
- BERTN '.’-,'.',fy:;,;.- \ .-( & ') A** 1"'\
- gy " . . "y .J "":._‘ _::‘, A -_'; ".“-. . N

DOE/HQ

Cla AN

10bb321



267

Tho bchevior of Tn in tho e:liclcd brecth is inziecctcd in rig. 62,
chowing thet freetion of tll the Tn produccd in the boldy which geto cute
side (losccs into the G.I. trzct and by swcsting ere ncilicible). with
the chort hilf-p:riod of 5S4 sec., the acount of Tn which is exhzlcd from
the body $-10 min.zftcr aazinistrztion of the Razu is re=zrkebly high
at 10% of the dose. The Tn drop3 repidly with tima zpprozching ~0.2%
dose at t = ~20 days. The shape of this curve is not the shzpc ot the
blood curve since Tn in the blood is supported by R«lzz‘ in the blood,
in soft tissue, and in the skeleton. At t = ~20 dzys the h224 concen~
tration is ~2 x 10-3:( dose/l1 serum. The breath Tn conccntration can be
calculated from the cxpresaion (p. 308 of Aub et al.‘ ) ye- X,x,n(bx)/z wci/l
.where Yon is the dccay constant of ';‘rzxz (bX) 4is the Tn external to ths body,
which contains the quantity X of Ra“" ', and Z is the breat®' 19 rate in
"1/min. The breath Tn conccntration is ¥y = ~0.06 (bX) for a brecathing
rate of 12 1/min,, the average of all subjects. At t = ~20 days,
¥y = ~(0.06/1) (~0.2% dose) = ~0.01% dose/1l when the serum cone
tration is ~0.002% dose/l. Thus, the concentration ratio between Breath
and serum is ~5. The Ra??% retention in the Lody at ¢t = ~20 aays
jo, however, ~ 20% dose and, if all the Tn could get to the blood,
would lead to a serum Tn concentration of 20X dose/3 1 serun = ~7%
dose/l serum. This value is ~700 times the breath conccntration and

indicates that most of the retained Tn and, in turn, the un‘ is

incorporated fairly well in the skeletal tissue, even accountiny for Tn
loss during its trensit time in the circulating blood. The dcgree to
which this has occurred is shown in Pig. 83 in which the Tan ocutcida the
body is shown as a fraction of the retained h?&l. In ~4 dzys the
exhaled Tn drops to ~1-2X of the retained uzu and reczins essentially
constant over the rezaining period. This result leads to the conclusioa
that the hn‘ does not redietridute much beyond t w ~4 days and sup-
ports confidcnce in the calibration fectors for tho cheir ena E35XB
pocitions. Tho dccreaco in the externzl Tn is very £iov dbeyond tho 4th
day. Eventuslly tha d:zcrease extends en ord:zr of maznitudo loxcr, to
0.1X of tho rctaincd doce, so=s 30-40 years lectcr, bascid on the

228 S0

long-tern rctention of Ra in man"".

$0. R.A. Duiley, ®Crlibrction of Praction of Tn IxXzlcd in Rz-t:=Th
and in Thorotrect Cascs®, M.I.T. Raliozctivity Ccater, Procrons
Rcport, pp. 2-3 (k:y 1950) .
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' In tlternctive woy to look et tho Tn recults is to coacider that Ta
is rctcincd in bone, beccuse of its chort half-pcriod, just zs wcll as R
is at tircs long after ad:inictraztion in Ra toxicity cases. This Rn
rctcation is ~1/3, presuncbly dependent on the rztio of mincral dcnsity
to total denzcity [l:z:yu et al.ﬂ] , while the remzining ~2/3 has an
opportunity to get in the blood streazm and be exhaled. In the case of

' Tn, ~2% of the total or ~3% of this exhalable 2/3 gets out, leading to
an effective travel time of ~4.5 min. This travel time gventually in-

f . creases to ~8.4 rin.many years after when the external Tan is ~0.1% of
the retained Razu. Since this travel time of ~5 min.is long compared
with circulation times, the increase to ~8 min.over the years would
indicate progressive burying of Rau‘ into bone and hence increased ’ %
difficulty for the diffusion of Tn from bone to the blood stream.

The relationship of the whole~body specific activity to that of the
blood is shovn in Pig. 84. It is admittedly somewhat premature for this

-
type of correlation but it represents an attempt to see when the cross-

over point occurs as an additional piece of information in the metabolies
of Ra by man. '

The expcrimental blood specific activities from the data of Mays
and frao this experiment are not inconsistent with the blood specific
activity curve calculated as described in the caption of Pig. 84. The
blood data froa Lucas“'szctal.,cbtained on 4 subjects at ~45 years
after ad-inistration of R.226. are positioned in the graph by their rat'o
to the body spccific activities obtained at the same time (average
ratio = ~10°2). These blood data cannot be positioned on an absolute
basis since tho fractional n226 retention for these subjects is unknown.

Kcasurezents on luz_zs excrction for the 4 subjects, made by Lucas et al.

L

42,4

give an average excrction cocfficlient (~8 x 10~ per dzy) which is con-
sistcnt with that predicted by Marshall's theory at ¢ 2ty (ty = cquild-

brztion tirc). The assu=ption that the body rctention of thece 4 subject:

S1. C.W. M=ys, M.A. Vza Dilla, R.L. Ployd, and J.8. Arnold,, "Radon
Rcteation in Radiun-injectcd Boagles®, Rudietion Res. 8, 480-489
(1958) .

$2. R.E. Rouland, personal coc—uvnicition (Jan. 1963).
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Pig. 84, cComparison of Blood and Skeletal nazz‘ Specific Activities.

This figqure is a corcpocite of the data fron this expcrirent, the

informztion from Korris et al.lz, Mays et 31.42’45, Lucas et al.“’sz
224»’

and ¥arshall®?, The blood specific activity is calculated as Ra
dose/xl diviéed by g Ca/ml. Whole-body specific activity is cal-

culated as total R5224 retention divided by calculated total Ca, and is
used as a measure of skeletal specific activity. The dashed lins for
whole-body specific activity represents Norris's retention functionm,

R = 0.54 £ 052, 1ne dashed line for the blood spccific activity curve
represente the derivative of the Norris retention function and has i

slope of t-l'sz. Its location on the figqure is dctemined by its inter-
cept at t = 1 day, calculated using Mcrshall's expression for plasma
specific activity, which involves the Norris function dcrivative and

the Ra??4 *plasza® (blood) clearance for the S subjects (~7 g Ca/day).
The transition from power function to exponential function (dot-dash
curves), for both blood and body specific activities takes place at the
equilibration time ty. This time is calculated as 6500 days from Yarshall
expressions using the Norris function parareters and the experimeantal

‘plasma clezrznce value of 7 g Ca/day.
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has been Iollo"ing the povzr function of Korris ct tl. md h..o, wt c.’;aut
t =ty undcrgone a trencition to an exponenticl function, es propsccd by -_ PR
Marchzll, cllows positioning the Lucas blood dcta on a bocis ccucictent™ )

with the averzge excrction cocfficient dctermined for the subjccte, i " .'.’j;;.‘-

The whole-body spccific activity data for the 2 subjccts ctudicd dy - -
Mays straddle the korris curves tha higher rctentioa is thet of zn €0-'

yezr-old male, while the lower is for a 4l-yecr-old male. 1In egreccent with -

Mays' older subject, the recults from this experiment on eld:rly subjects
are all above the Norris curve. This deviztion from the Eorris curve by
older subjects could be due both to th§ effects o0f age and to soft tiasus
Ra content. On the other hand, none of the subjects reported by Korris
et al. were measured at such early times. Also there arc indicztions
that the Norris equation may be modified as a result of a conﬁinuing'
evaluation and reevaluation by Hille:“ ot the subjects and of the data
A studied by Norris et al. ’ . .

The crossover tinme (t ), at which the blood and body activities .m
equal, is ~75 days, with a probable range of 40-150 days. An ecrlier
attempt to determine the crossover tims for Ra in man by R.wlands resulted
in a value of ~7 months. However, early blood data were not avziledble at
the time\ and the ratio of blood specific activity to skeletal specifie
activity for 30-40 years after a&iniutrati?n as celculated by Lucas was
too small (inadvertently) by a factor of ~2. RKhowledge of the crossover

time is important in the study ot the dynamics of Ra mctabolism and in the

interpretation of bon® autoradiographs, especially for the evaluation of

radiation dose distributions as discussed by r..-.nha.u”- For coc-pzrison

4.

with another alkaline earth, the crossover time for Ra is concidorably A .

shorter than the value of 360-710 days reported by Kzrchel133 for €r in man.
The intormation in Pig. B4, then, is the best avciledle, but it i % .4

not as adcquate as would be desired, It is obvious that ruch zore :c:.x..ino - ',

to be done for a more precise knowled.g. of the dym._..ica of Ra in ®an. .

. .. .-_‘._. ‘;."

54. C.B. Filler, pcrsonal comunication, 1968, - A R E L

SS. R.E. Rowlend, “"Resorption and Bone FPhyclolory®, in pona :_’0‘"7‘_:_‘3_ :
H.M. Frost, ed., pp. 335-351, Little, Brm, ani co., mc., 1sac.._ g
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& pceerete €sooo {p04cn ot rctention is ncccsocery 4n cxCir to
cveleste cf;;u LAcly tho inuc;hal rcliction €320 rececived ty inlividucle
hzving Razzb end nazza Lurd-ns for paay yeore. Tho reiiction Coco pro-
vidis a coz=3a bzce for carrcleting tho biologiczl cffcets obcerved in
gucl. evbjcots. I it cen bo chovn thet the redistion dose ccnnot bs known
to, zzy, within a fccotor of ~2 with £ll tho informztion now at hand, then
gcrious conziderztion should be given to a long-term etudy of Ra mctebolisa
in huzcn bcingi. tith the prescent knowledge of Ra metzboliza and toxicity,
it would eappecar thzt a long-term ctudy can be conducted with cafety to
ths incividual using -1u£1.33226 end scncitive whole-body and sazple
counting devices.

Since szlz is a daughter ot 3‘224 and is present at the time ot in-
jection and at latcr times, it ie possible to give scue intormation om
the mettbolism of Pb212 by human beings. The results are shown in Pig. 85

which dexzonctrates the rclationships between blood and body 3.224’ blood

Pb212, and breath Tn.

The Pb212 blood activity values increase slightly in the first few
hours. This increase, however, cannot be explained as a further growth
of szlz from its parent nazz‘. The reasons for this are that the R‘224
is being cleared rapidly from the blood and that the considctationn of
parent-daughter relationship are such that the Pb212 cannot increase in
absolute amount when it is initially present at 109X of the activity of
its parent Razz‘ (L.e., ~95X of its transient equilibrium value). This
increase in the szlz blood activity is similar to that cobserved by
Stovers6 in dogs injected with pure szlz

The peakx value of ~2/3 of the aaninistered dose is consistent vith
Stover's results, and with the Pb212 blood results on a dog injected with
3‘224 and szlz in preliminary studies for this experiment’a. Stover's
explanation for this increame is based on the combined effects of rela-
tively long-term attachment of szlz to the red blood cells and the
further attachment of Pb'l2 returning from other compartments to uhich ic
had cleared from the plasma. This explanation is a reasoneble interpretation
of the dog data and would appear to be applicable to the results on the
human bcingi.

Tho decrease with time of the 212 blood values is slowcr than that

due to phycical decay, indicating that szlz in the blood is bcing sup-

portcd by the dccay of Tn in the body at a rate fastcr than the coxbined

56. Bctsy J. Btover, 'szlz (ThB) Traccr Studies in Adult Bcrgle Dogs®,
Proc. Boc. mo Blol. Nc&. 202, 265-273 (1959,.
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effcets of phyciecel Y] ticlogiczl ecooy. A It is oSt clecr frea t"': :c; ‘: \
£ultc of Pig.B85 how much blosd Fo 2 is suppertcd by £a 4a ths bleod, .- S
tuch 28 thic rclctionchip would ba uccful 4in the study of Ra or Tiorcirast - .

toxicity.

The urine znd fcecs excrction szrples wore not keczrured €323 ensn
to yicld dcfinitive rccults on the excretion of anz.. Tho results o7 N
inaicaote thet the dcily urinzry excrction of szl, is ~1-2 ticcs the -
daily Razu urincry excretion indiccting that excrction froa tho kidhey
can be as high as ~2-4 timcs that of nazz‘. The Pb212 activity in the

dzily fecal sexples is ~1/3-1 tixccs the 3‘224 acttvity et the end of th.

24-hour collection pcriods, indiccting that transfer of szlz into the -

G.I. tract is probadbly ~< 1/6-1/2 that of lnzz‘. From thece recultl'““
it is concluded that 290X of the szlz decays in the body. o ‘
Pinally, the adcquacy of the arc mecasurexcnts for the indepcndent
determination ot body burdens is assessed by cocparison with the cQ;culatod
retention obtained from the excretion meaturemcnts. Tﬁxeo arc mozbure-
nents for each subject are compared with the calculated retention during
the first 5 days when excretion collections were made. In Table 38 the
results indicate no significant difference between the measurencnts for
each subject from t m 1 to t = 4 days, at e time when redistribution of
Razz‘ and/or daughters was takxing place. Bowever, in addition to the -~
fact that the accumulated errors increzse up to t = 4 days, subjects =~
RIVM3 and RIVMS have significantly lower values at t = 4 days. As stated
in the footnote of Table 37, ancomplete fecal collection for subject
RIVMS is suspected, but this is not so for sudbject RIVM3I. Excluding thdse
two values, the conclusion i{s tnat the arc method gives valid body burden
results within ~ +5X. This arc mcthod was developed ~30 years ago by °
tvans3® ana the cozparison juet made provides the first test of his pmo-
cedure for measuring Ra body burdens. - . - Gl
The zdcquacy of the arc mcthod is substantieted even further by th.
close asscocmant of body burdca even when the burden is & point gource ia
the G.I. tract. Kcacurements wcre x=da during the pilot runs in viuich the
“224 activity was esczinisterecd orzlly in pill form (to subject r"o::.u ' ]
The arc mcasurczent was made imclictcly efter ingection and at t =1 day- o

The calculation of body burdcn was x3da usirg an aversco bo.’.y attcnuntm

- LI Wy |
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vith S15% increzco bzing expectcd fram the dicc:;.:!.lib:!.u:l ot tha 6.7—..3::: ._,.

Pazu tho reacon for tho re=zining incrcrce is not knovn. €Einco tha :&tin
of L8SXD/E3S)B hae the gz=: valus of ~1% for both men and wozca it ean b.
concluded that “234 and Pa?3! ere preccat in the szze ratlo in thot por= -
tion of the body. ’

The reason for tho diffcrence in dirctribution botwecn men and wocen
is not xnown. If thcre is 50X more ectivity in the uppcr part of women,
co=prising ~20% of the skclcton, then there should be a dcficit of
~ 10-15% shown by the chzir rcasureseat. A 10-15X change in the chair
measurement is easy to obzcrve and is not found (Pig. 67). This conclu~
sion is further substantiated by the liver shielding expcrimonts, descrlbod
later, conducted to see whether a significant excess of Th 2 was present
in the liver. R

The urinary and feczl excretion recults are given in Tedle 39 and -
show that the total excretion is low and predoxminantly in the urine. The
daily urinary excretion is proportional to the blood activity (rig. 91);
the fecal data are too varizble to arrive at such a conclusion evca though
this proportionality is expected. The most reclisdle urine-to-feces retios
are obtained from the ‘cutulztive data and the recults in2icate a U/F ratio
of 10 for males and ~20 for females. This is the second instance of a
sex ditterence in the mctebolisa of 'rhn‘. > reason can bo given for it
at this time and it is not known whether this obscrvation is related to
the sex ditference found botween the SXB and chair moasurements.

The retention, caiculated both frocm the excretion and body meazsure-
ments, ia shown in Pig., 90, Kost of the dccreasc tekes place in the first
$-10 days, at wvhich tiza the retcation is ~92% and chenges very elowly

up to ~ 110 dzys. Tha averzjc biological hrlf-pcriod for xctention rangss -

2 years to @ for the cbscrvatioa period of 0.3 yexrs, For ell prectical
purpoces, the biolo‘-icu hzlf-period ot Th is long enouch thet it can bo
ncglected in any docirctric calculations fnvolving !'hn. o
Tho rezults for blood are shown in Fig. 9l. Evea thauch t:he sctivity
drops repidly, tho rite of dccrease is coasiésrodbly slozcr then that for

2%4
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unucuzl dictritutica ¢nd 1lend ceafidonco to the ere rezults when the
cctlvity 16 dictributcd rore ccncrclly threougliout tho boly.

b. Rczults and &izcucciun on Th”‘

injectcd intrevenously.
Tho recults on tho 'rhnf injectcd intravenoucly ere prescnted in the

sare fachion as the rccults on the Razz‘ injected intravenously. Because

the gcneral form of the prescntation hzs been made, the '1"&\234 results can
be given rore repidly, focusing attcntion on unusual features.

The prircry 'rhzu boldy g meaturexcnts are shown in Pigs. 86a-e,
consizting of recults on the chzir, arc, low-, and high-energy SXB posi-

tions. The ord:r of decreasing scnsitivity for these positions is 1L8SXB,

chair, B8SXB, and arc, the szme as for Rau‘. The precision of the arc

measureacnts is not as grcat for T‘hzu as it is for R‘224
low abundznce of the 0.77- and 1.00-MeV y rays. The constancy of the -
values for the L8S)B position is unusual. The chair values show a small

downward trend, while the H3SXB recults show some variation with a ten-

» because of the

dency to peaking at t = ~2-3 days. The sensitivity ratios are as follows:

LS
L8SXB/B3SXB = ~15%5; chair/arc = ~10. The observation of an apparint sex
ditfercnce in the rztio, L85XB/chair, of ~15 for women and ~10 for men
is unexpected. A corresponding sex difference for the ratio, H8SXB/chair,

is also noted. This éppears to be an intrinsic sex difference for Th and is
which

not related to a disczuilibrium between 6.7-hour protactinium and Thn‘

may cause a diffcrence of at most ~19%%.

The calibration factors (net cpc/ili retaincd) for the chair, E8, and
18SXB are shown in Figs. 87-89. The microcuries retained are calculated
from excrction data. The chair czlibration decreases ~20%X in the first
~2 days and then rc=ains essentially constant over the observation period

of ~24 days. There is no significant difference betwcen males and females.

The average value is (€D & 3% cpciCi rctained for the 1.00-MoV peak only

and is consistent with a value of ~200 cpciiCi retained froa the phantom data

wiich should be ~2 times greater boczuse it includes both the 0.77- and
1.00-K2V poks. Tho cclibratica factors for HSSXB and LSSYB both show
tho diffcrcnco botweca the sexes as indicated sbove, vith the feacles
hzving the highcr velues. Por the E3SD pocition, the avcrage value is
(60 4 33) cpticirxcteinc=a for fecales and (S50 4 4%) for mcles. For the
1LB8SYB pocition tho rccpoctive valucs ere 1150 4 3% and 720 £ 5%.- The '
fectors for tho ESZID position during tha first day increase by 25-30%.
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“
Tzble 39. The complets excretion recults are suxmarized in this table
which show that Th is excrete? predocinzntly in the urine. The cumu-
letive and daily urine excrction 1s about the same for males and fexales.
Ths males excrcte more Th in the feces lezding to a urine to feces ratio
which i8 ~2 timcs s=zller than that of the fexmales (~10 vs. ~20) for a
5-dzy accuculztion. The reason for this sex difference (a difference
which {s further manifected by body mcasuremcnts as described in the
text) is not xnam. The urine-to-feces ratio takes several days to
gttbilize, stzrting cut with highsr values.
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Tchle 39. rucrction of Th234 ty Ewon Ezings o
Folloing Intravenous Injcction . L

Tirccs after | Dzily | Daily | cu=m. Cua. Cua. Cv—~. Urinas
Injcction Urine | Feces | Urina| Pcces | Totzl] Cuz. Fcocs

Subicct (D-ya) % X % b 3 X
TIVZ 1 3.28 0.00 3.28 0.00 3.28 -
2 0.52 0.00 3.80 0.00 3.80 - .
3 0.54 - ‘03‘ 0.00 ‘-3‘ . -
4 0.29 0.40 4.63 0.40 $.03 11.6
s 0.27 - 4.90 0.40 5.30 12.2
11 0.11 :
16 0.14 i
17 0.13
24 0.083 -
IVM3 1 3.69 0.019 | 3.69 0.019| 3.7 194.
4 0.50 0.13 .71 0.47 6.18 12.1 .
s 0.2% - 5.96 0.47 6.43 ST 12,7
11 - 0.21
18 0.17 .
24 0.13 o
TIVMS 1 2.74 0.00 2.74 0.00 2.74 L =
2 0.70 0.10 3.44 0.10 3.54 34.4
3 0.40 0.12 3.84 0.22 4.06 T 17.4
4 0.36 0.10 4.20 0.32 4.52 . 131
s 0.25 0.043 | 4.45 0.36 4.8 12.4
11 0.12 : v .
16 0.099
24 0.027
TIVF2 | 4.11 0.034 | 4.11 0.034 ] 4.14 121,
2 0.68 0.032 | 4.79 0.066 | 4.86 72.6
3 0.40 0.044 | 5.19 0.11 $.30 47.2
4 0.21 0.094 | 5.¢0 0.20 $.60 27.0
] 0.25 0.041 | 5.6% 0.24 5.89 23.9
10 0.17 .
17 0.10
rd 1 4.11 0.020 | 4.12 0.020{ ¢.13 206.
2 0.t3 0.054 | 4.5% 0.10 5.04 49.4
3 0.52 0.053 | S.44 0.16 5.60 8.0
‘ 0039 - 5-83 0016 5099 ’60‘ -
S 0.31 0.0C1 | 6.14 0.24 6.38 2s.6
17 0.0%0 )
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Fig. 90. Rctention of Intravenously Ad:inisteied Thza‘.

The retention results shown are coszpiled from several léts of mea-
surezents. The legend in the figure indicates these different measurements
and their assoclated errofl. The data are presented in an expanded log’
scale to show dctzil and as a consequence the chair and L8SXB results
appoar erratic. The variations in these data are not inconsistent with
thoir standard dcviztions. The average curve shown is a coxposite for
all subjccts and of all the information available. The retention de-
creases to ~92% in ~15 days and renains essentlally constant over the re-
maining e110-day chservation period. The retention half-pcriod ranges
from a minizum of ~2 years to @ . |
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Pig. 91. 'rh234 in Estimated Total Blood Voluze Following Intravenocus
Acdzinistration.

The recults are given in terms of total blood volume since there is .
no convenient way to express a thorium specific activity. The Th activity
decreases over 2 dccades in a period of 10 days. This rate of decrease
is considerazbly slower than that for Ra. The last value of TIVMS has an
error of ~100% and is plotted for the record.
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4% |
A dlecassica ca tha matetslicn of dntroevensusly dnjectcd ,“234 in
. gmon baooncs sozchot Citficele £rea tnis 1imtted irfortcotion., In ge=ccal,
tho rezults aro esonzreblo vith thase c:icincd ¢a €sgs by tho Uzeh ct‘“‘?u
The totel exarciica 4s lecs then for dogs, and tho urinc-to-feccs ratio of
10-29 is groztcr then that for éag-. Tha urinc-to-fcces rcotlo dccresses
with tira for dsgs (rnot including a furthor d=creacs dio to redizstion
dznzge by Th22® to tho kidncys) but there is no intorcctica in human
sudbjccts bearing on this ecotter.  The absolute rcteation for hu=cn boings
is groater but tha chznge in rctention with tirms moy be thout the sane.
In é53s the £3ft ticcue retention is ~20X of the total burden, but this
frzction is unknovn for hu=an beings. The blood zctivity decreases
leas rrpidly than for dogs. Soms or these differcnces xzy be due to the
fact that in the Utah dog expcriments the nurber of Th atons ad-inistered
are scveral thoussnd times those ad=zinistered to the human lubjecﬁl ot
this study. There are enough differences betwecn spccles [inclnding the
results on rats, rabdbits, guinea pigs of na...:l.lton” and Smtt ] to indi-
cate that no sirple extrapolation can be made to man. The present.dats -
provide so=e ot the first results in huzan beings which contribute to the
ctlculaticn of mzxicum pernmissible levels of Th nuclides in man but it is
clear that the data are not extcnsive enough. There are some aspects of
the present data that are not easily interpreted, but may point to redistri-
bution within the body. This result indicates the need for tissue sarpling
(vaich is never convenient) or the need for scanning (which is difficult
because of the low abundance of the ¥ rays). For more extensive data,
‘x’hzu is too short-lived. Yet the next longer-lived isotope is 'rhna
which is potentially toxic, and the measurexcnt of which is complicated
by the metezdbolism of its dzughter, luz“.

An sttezpt to determine the localiration ot Th >® in the livers of
these subjects wvas made by measurements in the arc pocition using an 8 inm,
thick lezd chiclad extcnd.tng 12 in. from a point halfwty betwean the
collar bone and ths sternum towcrds the abdomen. The recults in Toble 40
show a reduction in Th2 ¢ activity to 0.74 indiccting no significent dise

proportioncte concentrctions of ,m234 in the chicldca portion of the boay '

$7%. J.6. Ec=ilton, "Tho Kotrbolic Propcrtica of the Fieclion Products ‘
end Actinido Cle=zats®, Rev. ¥od. Phys. 70, 718-720 (1948).

$8 J.K. fcott, ¥.P. Newman, and J.P. Bonner, "The Dictribution and
Excrctioa of Thoriwa fulphcte®, J. Phtrmzcol. EBxp. Therap. 10§,
285-290 (1952).
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wiich includes the liver end cplecn. Tud greoter refusiicn {n fa”
ectivity to ~0.6 1o e:pleined by tho preccnss of sigrnificent eoounts of

2
Ra 24 tctivity in tho QL trect during tho firct fcw dzyo cftcr tnjc

a eituation which does not occur for fhzs‘ ) L
The adcquaczy of tho arc mozsurcucnts is shouvn im Tcble 41, In cone

trast to the roculte on nazz‘, there appozre to bo a trcal with tirs,

w¥hcre the arc measurezcnt on the lct dey undcrcctimstes the body pu;deg .
and on the 2nd and 4th days overectimates it. Tuis cffcct mzy bs due to

the sane type of rclictribution obcerved for the othcr counting po-itlonl,
but it is difficult to understand since the arc mcacurezcnts on & highly
distorted distribution even for Th234 (such as a swallowcd cecpsule con=
taining activity, subject TPOI{l) can be close to tho correct body‘ﬁuxdea.
Nevertheless, this is the fact and the conclusion is that thae body burden

of Th234 obtained by any arc measurement is relizble to only ~ #19%.

c. Results and discussion on the relative absorption of a.224 and Thzs‘

administered orally. e

Having obtained information on the motabolism of R‘224 and ?hzz‘ and

on the calibration factors derived fronm these recults, pilot experiments
were conducted to assess the prodblems to be encountered and to get an
estimate of the absolute absorption by means of the oral ad=inistration of
R‘224 to one subject and of Thza‘ to another. In particular, it wvas
necessary to show that the shielding for the SXB positions, when large
amounts of activiiy were in the stomachs of people (23 opposed to phanteas),
was adequate; to show the extent to which scattering of y rays might
influence the SXB positions espccially the 18 positions; to see how much
timo was required to eliminate the bulk of the activity from the G.1. :j‘
tract and whether a good accounting of the total activity was obtainzblep
to sco if the absorption calculated from the several paia:oter- gave the

same answerj and to determine whether the prcceutions aid prevent redio="

LI P T

active contaninztion,
The two pilot experiments demonstrated that everything uoxkod

favorably and this information is includcd letcr with tho rocults £roa the

main study. The adequacy of the shielding for rhzj‘ czn be shown only .

whon it is administercd soparately. The recults are given in Toble 42, ‘;t N

’ . Co. . . -
.
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and ehciy thee ths E20)D ecthod xects tho ettcnuction reguirccats originclly
cpzaificd. Sccttering in the 1.00-kcV region for Th2dY {s presiu:ca to be
obscrveble froa tho fev highor energy y xcys of the 234 dzughtcrs be~
cauce the contribution decreases after ths firct d:y. On the othcr hznd,
scattoring is noticerhle in the L8SXB rcasurcacnts and intcrfcres for the
first fcs dcys while significant activity is still prescnt in the G.I. tract.
The pilot espcriment on ra224 4180 ehowed that the abcorption of Ra224
is ~10 timss grezter than the ~1% assumcd froa previous information.
This rccult pointed to the success of the experiment in the determination
of the low relative absorption of Th to Ra, but showed that no neaningful
18SXB mcasurc=cnts could be made for Th234 within a few days after the
adainistration. Thus, while much information was developed in the intra=-
venous part of the experiment, R‘224 body y measurements for the oral part

of the study were done with the H3SXB pocition soon after adainistration.

‘The Thza‘ body 7y measurexcnts were done with the L8SXB position long
after the Razz‘ hzd decayed, and tnis was possible because ;f the high
Thzs‘ retention.

Absorption from the gut (that is, the transport of material from the
gut to the blood, irrespective of what happens to tnis material after it
gets in the blood; otherwise called curulative absorption) can be measured
in many ways such as: (1) balance techniques with stable material, (2)
balance techniques with radioactive material when endogenous excretion
is known, and {3) raaioisotope methods using the blood activity obtained
from both oral and intravenous aaninistration. The latter technique
[dcscribed, for exazmple, by Silverman and Burqen59 ] is partfcularly useful
for cerrying out an experiment over a relatively short pcriod of time.

The information contained in the blood curves, obtaincd from an intra-
venous and a per os adrinistration, is the same even though the two curves
are different at short times atter the ad=inistration. Folloving adain-
ictrction, and tor times which are long cocparcd with the pcriod involved
in the abcorption process, the two curves become esscnticzlly equal in mag-
nituds and idsntical in shape, on a per |1 retzincd basis. This condition
is siciler to the situztion encountered for the rcletive sctivities betwean
@ short-lived dzughter isotope and a lonj-lived pzrent. At any tixe (days)

$9, M. Silverman and A.8.V. Burgon, "Agzslicatioa of Aniloguo Cocputer to
Moscurerent of Intectinal Abrorption Rates with Tracers®, J. Apple
ohusial. 16 011-911 f10&1N.
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long aftor the tdbcorption is complcte (-vs-1o hou::) the tccvc Liv‘

zctivity curvcs froa the two mcthods of ed-inictretion for ell tho vcrioul .
pareneters (blood, urine, fcccs, whole body, e.c.) will b2 Ln_iztinguitdtblﬂ
fram each other. At these times, the data obtrzincd froa tha introvenous ‘
adninistration can be used as calibration data for dcterrining the amount
of material that was transported across the gut wall or zbsorbcd after

the oral ad:inistration. . As a further chéck on this, scvcrcl consccutive
measurenents of each variable, after the appropriate dzlay, ehould give

the same value of absorption within the experimental error. And finally,
the same absorption value should be obtained from each of the different
variables measured, again within the experimental error.

The absorption of R‘224 was determined by messurc:cntl made froa the
4th day on until radicactive decay prevented further reliable meazurexents.
The adequacy for this procedure is shown in Pigs. 92 and 8lbobtained from
a subject administered mock Ra paint containing only anz‘. riguf. 92
shows that relative stabilization in the body mcasuremzents does not take
place until ~4 days atter the R‘224 is adainistered. By this time the
transitory effects of absorption from the G.I. tract have become nejligible.
This is shown in Fig.81lb where the first blood value taken at 1.12 hours
after the administration has the highest value; that is, the peazk in the
blood curve occurs at t £ 1.12 hours. This blood curve has the sans
shape as the blood curves from the experiments with the intravenous ine-
jections. The blood results cbtained from the subject adzinistered mock
Ra paint containing only Thza‘ were too low to deduce a rcliadble shape
for the curve.

The results from the oral adzinistration of mock Ra paint coataining
both Ra?2Y and Th?3* are shown in Tables 43-46. Table 43 contains the
excretion and retention results and shows contirmztion ot the amount ade
ministered and the adcguacy of the accounting of the radicactive bolance.
Thore is an apparent inconsistency for sc=s subjects on days 1 and 2;
attributeble poccibly to ths dictributica of tha activity in the body,
as noted in the tootnote of the teble. Of pzrticular interest is the
obscrvation that esccnticlly all the Th234, & ncjligidle amount ot vhtch
croszed the gut wall, is oxcrcted in ~4 days. This rezult is sizilar

to that obtaincd by Hzycs et als® who adzinistered tneslible u“° to

.

a group ot huz:xn subjects.
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Tcblcs 44 end 45 el tha recults geporctely for Razz‘ f 3% ihz

34
reecpectively, as cbteincd frea tho severel motebolic pirexcters. Oa the
average, tha recults on Lath Tebled &4 and 48 e3res vith czch othsor vithin
a foctor of ~2, Tha rccules show thet tha volucs ot froctioncl edzorp=
tion calculztcd fron the ccvcral parescters zre concieteat. Tho coaclu-
sion can also be m2d4> thot no significont conte—inction hea tekea place
for any pirticular sa-ple or sacple type.

Ono exccption to this is the rcsult on ths ebzorption of rhz
tained tron the blood values. The blood sz=ples wero tzken soon
(2 and 5 hours) after the adzinictretion in order to obccrve soce signi-
ticant activity above background bcfore mctabolic . activity reduced the
Thzj‘ concentration beclow the detection limit. The abcorption calculated
froa blood samples taken at this early time (using the mcthod of calculation
described above) will undecrestimate the true value as the results in
Taole 45 indicate. These results confirm that Thza‘ was absorbed inte

the blood but cannot be and are not used for calculation of the average

~

absorption. ~

Average values of fractional abcorption or traneport have been cal-

culated from Tables 44 and 4S for R‘ZZC and Th23‘ for each subject and

34 ob-

these results are shown in Table 46.

~he fractional Th absorption or transport averages £3 X 10-‘ wvith a
most. probable value of 2 x 10_4. A ditterence in absorption due to sex
is not inaicated. The results of the Utah animal expcriments indicate that
the absorption of Th is equal to and as much as 10 times less than that
for the human subjects.

The fractional Ra abcorption averages 0.2 with e xost probable value
of 0.2. Again, there is no sex difference indicated.

The first male subject, TRPOM1, has a fractional Ra absorption of
~0.01, about 20 timcs less that of the other subjects. This difference
is real since the vclucs of absorption calculatcd fram the ditfcrent para=
nsters are consistent (Table 43). This discrepancy was rccolved by @
recxezinztion of the clinical status ot this subject. At the':uggection of
a collectguo,®* & routine gactric eznzlycis bafore and aftcr a test rcal was
made. The rezults showcd no RSl in eithcr specimen, indiccting a cone
dition of achlorhydria. ¥ith this condition, it would ba expeccted that

*Dr. Roy E. Albcrt, Inctitute of Environmcntal Kclicine, N.Y.U., Tuxcdo,
New York.

————— ——
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Tiblo €44, TLy rcoults of tha thres msthala Loz “"”-::'2'-'3 TJ‘zz‘ :"-"-::’"" 5 :
ceroza tha gut ere sk, Tus ESIN3 &nd brecth xecults ero in "537‘:-“ et

n

egrec=sat. Tus volues obicincd from urine medcures:zis ersd [ L=ty lc.‘:t-’
bat the crror in thezs values 4s ruch greater. Tha rc....ltu o5 4 tl:a ﬂ.:ct
cate, TREO:l (bascd ea ths d=ta which ezre lntcrn.uy coazicteat) u:o 1{ d

then for tha others. These lower :c:ultl are pre semchly dus to tho can-

éition of achlerhydria fournd in this stbject after tha c-rrir..:t m ,;"_h
co=oleted. Fren brecth meacurecaats in the firct 2 d..yo condacted 031’ :
on the fesales, thcro are iniicctions that the trzncport valucs of uz“ 3
dotercincd froa the breath Tn results at ¢ S 3 days are highor t.h..: tl‘.oso
deternined at t > 3 days. This obscrvztion Ecans that rclatively ::r. R

Ta is in the blood stream at these ezrly tixes. B8ince the hzu K

P P
Iy,
P ]
|

T S

..y Tl
o T

nE

o Joumace --.o
-

.,"’:.‘ ,.l. .

m 1n- <
gested, an explanation for this could be the direct trancport of 'rn a::oal
soce point in the G.I. tract, as shown for Rn by Fursh et al.5!

Table 45. The three rothods of measurexznt indicate adcgucte agreezent_;
Prom the results for TRPO! 11, it is not known whether the trancport of '
23‘ across his gqut is much lower than that of ths or.hcrs, as is hil

transport of Mzz‘ shovn in Table 44. T _-*

- wiew W momiay e

Table 46. The recults for the trancport of Ra and Th ere bascd on the v |
average vzlues calculatcd for ecch individuzl frca the roc:ilts qlvca tn ‘ 3
Tcbles 44 and 45, The most probzble values for Ra zni -m trm.'::ort a.."..'.é v
obtaincd by o-itting subject TRFO!D who hed an anczlous Ra trensport . u-' c
value. ;’ho most probcble value of the mlativo moq‘.io'\ o! ™ to | TR o
is ~10 ;-

. . ; . 3
.f.'..‘~:-.c~-: R ‘u“‘-

e e e 8
s
1]

6l. J.B. Earch, D.A. ¥orkea, T.P. Davis, an! A. lovacs, "Tua Pato of ?‘;- :
Redon Ingested bv Kon®. Wasleh wteenioa gt :
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Cde €3, Froziicosl Srancrost £IT0s3 tha L—oa Cub 2 £.424
in cu...lc.tcil E2 L£icd Fuint

_ Fowr—ctr=g
. 3Ly Y ELale ‘
fride~t _r""-!l Lre-th fn Loira
ThroAl £0.014 0.097 $0.06 J
} feiye v | 0.2 0.18 0.16 '
I 0.14 0.18 0.09
Terorl 0.20 0.18 0.13 ¢ 0.07
TLPOP2 0.18 , 0.23 0.13 4 0.07 !
TRFONS 0.27 0.28 0.21 ¢ 0.08 i
Averages® 0.20 0.2 _ 0.14 '

eL:cluding TRPOMU.,

Tcble 45. Practional Trancport Across the Bu=zn Gut of Th2M
in Siri:lated Ra Dial Paint

| parz-~tcrs
Eody v meas, ‘

(Erhiect J85X® Urine }lnod_;
. TRPOML £0.0003 $0.0006 £0.0001
TRPON2 0.0006 0.0009 0.0003
TRPOIO £0.0003 0.0003 £0.0001
TRPOF1 0.0002 0.0002 0.0003
T FOr2 $0.0001 0.0003 0.0001
TRPOF4 0.0002 0.0008 0.0001
Averages® £0.0003 £0.0008 $0.0002

Including or excluding TRPOML. l

Tezble 46. Relative Adbszorption by Hunen Beings of Th and Ra
in Sizulated Ra Dial Paint

: Frectional Fractional Recletive
Evbject Th Trancoort ~ Ra Transport Abcorption Th/Ra
TRPOML £0.0003 0.01 £0.03
Troe2 0.0006 0.2 0.003
by gelis ] $0.0003 0.1 £0.003
TREOPL - 0.0002 0.2 0.001
TRPOY2 0.0001 0.2 0.0008
‘:PM‘ 0.0002 0.9 0.0007
Avcrages® £0.0003 0.2 £0.002
Yozt probadle 0.0002 0.2 0.001

value




BN

3.

the gcletin cepule erd the £ad micht nst ba glccsted ty tﬂ.s C....-JC S

$224c1eatly @5 by a eorccl percon end that ths troarzeit of tho xafioe oy P

activo mzteripls eculd be :Lgnitlc..ntly U=, 3 T I TG ..3 S8 ,' -
The frecticazl Ra eb-orption ot 0.2, cbicinci !rc:a a su::O"c..ly' ey R

®inroluble" mctericzl, is xuch lerger then thoss of tho Utch exirsl ex= ‘" -

pceriments by ag cach as 2-3 ordsrs of mrynituds, The valuo of 0.2 1s h

agreexcnt with the vzluo ot 0.2 found in the do3 cxpericzat coafuzied as s

a prelicinsry to ths experiments on the humcn subjects. Ths value is oot

the sans as that calculated froa husan subjccts ingczsting Ra froa dricl:ing

water and foodstuffs. Using the dzta of Lucu‘z on the nzzs body burden

ot normal huzan subjects and the uzzs eoncc.nt:ations in thcir food and .

water intakes, an absorption of ~0.15 is calculated. This czlculated

absorption value applies to the condition when RA226 in water is the :

primary source of Ra or when lunb in food is the primary sourca of Ra -
under circunstances whcre the h!ZG in water is extre:lly low. An :bcorp-
tion value in this doczin can be calculated from the data of Soil et al.u‘
for a male subject (age ~33 years) ingecting a "radium solution® (pro=
sumably Raclz) . Several values of absorption can be cbtained from the
results. However, the range is large (10-70%) and it is not poscible to
pick a reasonable average value.
The result of greatest interest, the rclztive absorption of Th to

Ra is given in the last column of Table 46. Except for the first sudject
all the values are consistent, ylelding a most probzble value of 1 X 10-’.
This value is 10 times lowor than ths value discussed in the bc;i.p.:.{ng' of
the paper vhere it was indicated that a value of 10" would be a daeziredle
limit for disregarding the dosimetric effects from any m’“ pmacnt in na

aial paints, : e L PN

The abeorption of Ra from the incoluble Re€O, (vith Ba cmier) T
dcposited on the ZnS phosphor is quite large. 'rho :baorptlon of pa ™ ""*: o
under the best circumstances of full solubility cannot be more thanm * *°
% times greator than ths 0.2 found and very tcv subetences are’ ubzo:hed 5
100% from the G.X. trect. The high value of O. 2 \rauld Lnaicato that tnat.

62. H.P. luces, ®"Corrcletion of the Katurcl R:Ziosctivity of tho I=am-.» ;-:1 Lo
Body to thet of its Environzents Upteke &nd Rotenticn o! 226 !tul S
Yood and Water®, AS1~6297. pp. 55-56 (July=Dcce 19G0)4 <% i == =’
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erguzsat, however, gives no clus es to Rsy ruch E£aro ths T2 péoht h‘ s L g
abzorbcd But susgests that it cight nst Ba too Eush greateress © < Tws ‘,4" 4‘
. In the appliccble expcrimonts at Utch, tha Th/Ra skcletol ret c‘:tm 2 '\
redo dn the ret at 10 days efter adsinistretion of chlozids and citccte
colution is ~0.07 anl ~ 0.004, recpectively. Eowever, this yotio 18" i :

~14 when mack Ra dial paint is adzinictered. These resslts, thercfore, © i
cannot be uccd to dcduce or ectimate how lerqe the absorption ot caubh
Th might be in hu-=n beings, ‘ R
The Ra dial paints uscd in the ecrly 1920's were Ezds 'm a variaty'
of ways and vith varying degrees of care. In many or even rost paints,
the soluble activities were not washed off. Various and varying cos="
pounds were used for the matrix to make the paint adhere to the different -
surfaces on which it was applied. Varying screen sizes znd clurping after
drying, along with varying ages of the paint, all introduce variables
tor absorption. The radiation dose from the a rays may also have aa
effect on older paint that freshly made paint might not encounter. “Thus,’
it is impossible to duplicate the original pzints in thecir final working
form, and in the extent to which "soluble® activities wcre present. Pinally,
even the subjects cannot be reproduced, since the dial painters were
young girls usually in their late teens and early twenties as cocpared
with the older subjects who participated in this study. All these are
variables that make it Adifficult for a study conducted today to duplicate
the conditions of the past and that make intcrpretations of prescnt ex-
perimcnts cozplicated. )
It is interesting to note that the absorption values used for Ra and
Th in KBS Handbook 52 (Harch 1953) are 0.2 and $ X 10~ ¢ recpectively,
presumzbly for soluble salts. The Ra value is the saxe as that found
in this cxperiment for an "insoluble® paint, while the Th is eniy ~2-3
timcs larger. The more recent values used for calculating ths mexizm per=
miscible concentrations for XSS Eandbook 69 (June 1959) are found in the .
ICRP Report Cocmittes I on Permiesible Doscs for Internal Exitters (1959)
and are 0.3 and <J.0'4,. respectively. These ebsorption vclucs ere based’
mainly on tho literature of the 30's and 40's and are dcrived and esti-
mated from anirnl experiments, - Teteene el e L
In vics of the gocl of finding & relctive adsoxrption of fma 1 10 30 - ‘_’
and in vies of finding a valus of ~1070, it is conclufcd that, evea in the | .

¢

J
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fazo of tha liritztions caunsreted ebave, the adbeorptica of Thzza (pzcgent

in exsunts up to cuilibriun with its parcnt £a228) froa rcz1 dicd points
18 unlikely to have beun lergs while diel paintcrs tipp:d thcir brushcs in
tha 1920°s. In thcse subjccts the contribution to tho intcsrcted rzdiztion
dose over 30-40 yeurs by the initially absorbcd Th2S is 5% that due
to uzze. _
On the bzcis of this conclucion, cocpcoricon betwecn tho cffccts of Ra
and Rans in hunen beings with these burdens can be continued using the
concept ot pure radium cquivalent (PRE). Oa the other hand, use of the
concept of minimum pure Ra egquivalent (MPRE) can be discardecd with reasonably

good contidence.

228
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