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Followirig est rogcii treatment, i t  is probable that the 
vtidohted reavtioti does not reflert a change in the gross 
riutritional statu5 of the bone. 

Because it ih well known that estrogen treatnietit 
iinpedch both cutilage cell mitosis and mucopolysac- 
(.haride formst ion,(14) it would be reasonable to assume 
that the hormone exerted its primary action on some 
regulatory cell organelle. I<ecetitly, the  electronmicro- 
graphic studies of Silberherg et u1.(l5’ clenionst rated 
hypcrt rophy of the Golgi zone and accelerated organelle 
tlevclopment in articular cartihge cells of mice as early 
:is 2 hours after horniotie treatment. These rhatiges, 
which were niasiniuiii lifter 16 hourb, were related to a 
disturbstice of cnrbohydr:itc qyiithe by these choridro- 
vytes, i.e., tlccrea3ed I)roduction of mu(-opolysac- 
c-harides, :tilt1 t lelayd endochondral ovhifirat ion. In the 
present vtucly, the r:dioproliiie nxirker demonstrated 
that estrogen hac1 q q ) r e s m l  endochondral ossification 
(loiigitudiiial hone growth) 24 hours after treatment. 

SC.\I.\I.\RT 

The effect of (idlroge~i 011 the rate of cdageii synthe- 
sis ;ind tww hone forni:it ion i i i  the nioiise w:is itivest i -  
g:itd hy high resolutiori a~itor:idio@r:il)hi(. methods. 
l-I:i-proline :iiicl H:I-glyc*iiie were administ cred 011 the 
first :m1 soveiit h days, resl)cc-tively, following estrogen 
ti.e:ic nieiit, :iiid the inire wcrc s:icrifiwd :it v a r k ~ ~ s  iiiter- 
vals (luring the 24 hours following earh trawr injec- 
tion. The 1)osii ioii of the radioproline label on meta- 
I)hysc:d trabcc-ul:ie indic.sted that the rotit rol bones 
grew in lcngt h 135 r/d:iy, whereas I he bones from mice 
injected with est rogeii 24 hours previously grew only 
(i(i p’tlay. C1r:Lin routits indic:tted that (a) the upt:ike of 
the labeled amino acids by osteoblasts, :itid (b) the 

subsequent transfer of the label with time after injec- 
tion to surfaces of newly forming metaphyseal arid 
endosteal bone was riot affected by prior estrogen treat- 
ment. Silver grniiis were observed over the bone 16-24 
hours after tracer administration. It was concluded that 
estrogen stimulates o d y  the processes which promote 
the differentiation of osteoblasts in the bones of mice, 
mid that the hormone has no effect on the functional 
callacity of individual osteoblasts to synthesize and 
form (sollagen. 
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A PRELIMINARY STUDY OF GAMMA RAYS EMI77ED BY THOROTRAST PATIENTS: 
a)  Estimate of Effective Depth of Liver in Phantom 
b) Estimate of Gamma Ray Activity in the lower Leg 

11. -4. -1Imy and L.  D. Jlarinelli 

I NTRO IIUCTI O S  

1;our individuals who received injertions of colloidal 
Th232 and Th2?* (Thorot rast) approximately 1.7 years 
ago have been examined in the whole-body counter. 

evaluate the cost and feasibility of :i full-scale epidemio- 
logi(’al study. 

ASD 
- 

Initial inject ions for X-ray visualization of blood vessels 
of the rranial cavity were made at the Department of 
Ttndiology of a tuidwesterii niedical school. The eva1u:i- 
1 ion of prcwiit body burden of these patieiith w:ts under- 
t:~keii in cooper:itiori with that institution, in order to 

The primary purpose of this investigation is to evalu- 
Lite the relationship betweeu radiation close and bio- 
logiwl dnniage over lorig periods of time. In this rase, 
the organs receiving the greatcht exlmsure are the liver 
mtl  q)leeti, with lesser :mounts beiiig received by lymph 
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nodes, kidneys, bone marrow and (in cases of significant 
extravasation) injection site tissue. An accurate assess- 
ment of accumulated dose requires quantitative knowl- 
edge of the local metabolic behaviour of each of the 
radioactive daughter products during the initial period 
following injection as well as the steady-state or equi- 
librium distribution. 

Direct gamma spectrometry of the whole body may 
contribute to an understanding of this latter period by 
contributing the following information: 

(1) Total body burden of XcZz8 (3IsTh 2 ) ,  PbZl2 
(Th R),  BiZL2 (Th C), and T P  (Th C”). 

( 2 )  L:tck of secular equilibrium between y-ray emit- 
ters in the vhain, prehumably due to lohs by re- 
coil from the colloidal particle, with subsequent 
transport and elimination by normal body 
processes. 

(3) Extent of deposition within the skeleton (pri- 
marily, within the red bone marrow), or within a 
specific portion of same.(1’ 

(4) Further information on the relative distribution 
of activity aniong the vital organs or other soft 
tissues. Xlthough the problenis of scanning and 
directional detection at  the y-ray energies con- 
cerned appear difficult and have not been entirely 
resolved (uide injia),  suvh effort should contribute 
results which :ire not otherwise available to direct 
experimental approach. 

In  this study, two large Sa1 crystals have been used 
simultaneously, maintained in a fixed position relative 
to the patient for the duration of each count. Pulses 
from each are fed to individunl multichannel analyzers. 

The first count is made with an 11.5” diameter by 4ff 
thick crystal suspended over the patient, at a distance 
of 1 meter from the lower surface of the crystal to the 
supporting “bed”. Since counts are made with the pa- 
tient prone ancl supine, a flat bed is preferred, although 
if curved into :in arc of 1-meter radius, a slightly more 
uniform response to activity along the length of the pa- 
tient is obtained. However, since 90 to 9 5 9  of the ac- 
tivity is believed to be in the liver and .:pleen, the arc 
offers no overwhelming :dvantage. 

The -ec#orid (soutit is obtained Lifter lowering the 
cry\tal until it almost touche.: the patient; by this 
means a certain degree of discrimination niay be ob- 
tained between gamma rays originating in the abdomen 
and the extremities. However, as the spectrum extends 
to 2.615 JleV, additional discrimination by means of 
collimation would involve great bulk and weight. A 
crystal-to-bed distance of 3.5 (am has been adopted as 
standard, although an occmional obese individual may 
necessitate a greater separAtion. X second crystal, 7” 
diameter by 3.5” thirk, facing upward, is located be- 
neath the bed, with a spacing of 2..5 rm from its upper 

surface. The spectra from both crystals are accumulated 
simultaneously. * 

Although the detection sewitivity is much greater at, 
this spacing, it is also far more dependent upon the 
source volume and location within the body, and upon 
the amount of scattering and absorption from surround- 
ing tissues. Can this limitation be overcome by making 
use of all the information vontained in spectra from two 
detectors at  a fixed separation? As a particularly simple 
possibility, the in vivo ratio of counting rates from the 
two detectors observed in a 4ec ted  energy band might 
be utilized to give an indication of the ”effective depth” 
of the sourre within the body, by reference to suitable 
phantom cdibrations. Subat antial independence of this 
ratio throughout the energy range would facilitate the 
estimate of depth. From a knowledge of the effevtive 
depth, an jndependent self-ab-orption correction of the 
total activity present niay be made. Preliminary tests, 
in which point sources of ThO? in a 16-cm thick Presd- 
mood phantom were wed to cdculnte the position nntl 
avtivity of a phantom liver, gave results having :wept-  
able :wc.ur:wy. t (See Xpl)endis I.) 

C O I S C I D E S C E  TECHNIQUES 

The dec*:iy scheme of exhibits n numbcr of 
cxscade gamma rays, the ~)rincip:tl pairs, with their 
relative intensities being(2) 

278 keV and iY0 keV (3) 
:?28 keV iI!O ke\- ( 3 )  
108 keV 900 keV ( 2 )  

980 kcV (2.1) 460 keV 
-Hi0 kcV !I66 kel’ (1.3) 

In  the decay of TP*,  all lower-energy g:imma vuys :1rt8 
in coincidence mit,h the 2..(il.S-lIeV line. The most i t i -  

tense of these are: 

2 i i  keV (1 j 
511 kei‘ (2.3) 
583 key ( 8 i )  
860 keV (12) 

Thus it :ilq)ears that o1)er:iting the two detertors i t  

* .iltliouph two 11.5” x 4” crystals F p x v i I  syinmc~trical~~ 
:hove ancl below the patirnt’s niitlplanc offer st:itiatic.al ail 
vantagrs, budgetary limitations restricted us to the much If;-- 
efficient procwlures described here. 

t Vsefulness of the mrthod in t h e  present application a p p ~ ; ~ r .  
to rest upon the accuracy with which these results can he rx 
tended to phantoms having :I range of thivkness compatit)li 
with that of the bodies they simulate. Likewise, the effect 1 1  

variations among individual patients in eize, shape, and loi*:l 
tion of the livc,r and splcrn niwt he considered and rvnlu:zti>i: 
Computer mntc*hing :tnd stripping of stantlurd sprrtra hy mcw 
of lpast rquares t e 1 ~ 1 ~ n J 1 ~ 1 i ~ ~  idso spjwar to offer great j~ossihl. 
ties and :ire untlrr invcartig:ttion. 

O O f b S  1 2  
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c~oinc.it1enc.e ni:iy lead to less complex spec:tra and a 
resulting ease of iiiterpret:ttion. By g:itiiig orily on 
~)ulscs of 1 . 6  AIcV or more, response is completely 
liniitccl to the gamma rays of TI%''. A t  lower gating 
energies, both and T P  (*ontribute to the spectrum, 
: i d  by a judicious choice of the energy b a d  employed 
for gating, response to .lcE8 may he masiniized. k'roni 
such coincidence specstra, the cleterminatioii of the rela- 
tipe miourits of the two daughters i5 considerably sim- 
1 ) I  i tied. 

We have demonstrated that coiiwidence rates from 
typical Thorotrast, patients io the geometry described 
above permit accumulation of statistically-significallt 
data in coutithig periods of forty to sixty minutes. The 
electronic connections employed are indicated in the 
block diagram of Figure 43. Gating requirements are 
established by a conveiit iorial fast -slow uoiriciderice 
systen~. '~ '  Pulses from both detectors are double-delay- 
liiie sh:iped and fed to zero-crossing detectors. .l fast 
c*oinc.idenc*e resolving t inie of roughly 80 n:inoswoiids is 
wed. By cnrefully equnlizing delays, much shorter 
t hies may be used without significantly reducing the 
real roincidence rate. However, chatice coincidence 
background is always negligible, aiid this resolving time 
adequately allows for less-thaii-oi)tiniuni delay adjust- 
ments, or niinor gain changes. Pulses from the 7" x 3.3'' 
cryst:il :ire energy-selected and. after slow cwiiicaidence, 
:Lre employed to gate the analyzer which stores pulses 
from the large detector. The same gate supplied to the 
sccwiid nii:dyzer serves to nionitor the energy b:iiid se- 
I rvt  ed by t he single-chaniiel malyzer a i i d  is only Iieces- 

sary during i i i i t  ial acljustnierit. We h a w  foutid the 
.single-rhaiiiiel uii:ilyzcr IO be reniarknbly st:ible over 
periods of niotit hs, during whivh it has been repeatedly 
tunied off wheri riot i r i  use. Simultaneous Ircordirig of 
both the straight aiid coincidence spec1 pa, or of two 
spect ra gated by diferent energy regions, would uri- 
doubtedly make better use of the counting time. We 
have not yet tried this, largely from a desire to keep d l  
of the dat:i from each detector associated with its own 
analyzer. Results obtained so far suggest that the coin- 
cident rate depeiids upon source-to-detector orientation 
much more strongly than in the nonctoincidence mode. 
Analysis of these data, together with phantom mens- 
urenierits to determine the dependence upon patient 
size and isotope distribution, is incomplete; hence, 
interpretation of the results must be deferred. 

Evnluat ion of the skeletal burden located primarily, 
but not entirely, in the marrow, is also desired. S' ince 
the 1)riiicip:d nixrow sites, i.e., the sterriuni, vertebrae, 
:1ti(1 1)vlvic. crests, :we located in rather (.lose prosimity 
to the much inore active deposits i n  liver and spleen, 
direct counting is out of the question. X method of de- 
tecting the lesser amounts of activity within the tibia 
arid tibuh has beeti investigated. The geometry em- 
ployed is illustrated in Figure 41. Sensitivity to  gamma 
rays from the soft tissue deposits is greatly reduced by 
coiricidenre requirements* and by a relatively modest 
amount of shielding below the patient's knees. With the 

* In th i*  r : w ,  as is nr~ll known, the counting rate is propor- 
t i ond  t.o tlw 1 ~ ~ 1 c 1 i i c . t  of thc solid angles subtcnctvct by the source 
: r t  rtw two dc,tcctors. 
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FIG. 44. Relative position of patient, detectors :tiid shicltfing, :LS rniploycti f o r  leg counting. 

0 

two c.rystal faces q)aced 14 cam apart, (*entered roughly 
between the distal .;urf:we of the patella and the external 
malleolus and with 5 t*ni of lead >hielding as indicated, 
the  following barkground rounting rates are typically 
recorded by the upper crystal :* 

(a) 1 1 0  patient, 14 cpm 
(b) with thorium-free patient, 15 cpm 
(c) as in (b) plus 25-cc bottle ot Thorotrast $wed 

alternately at  the lower tip of the sternum and 
.imaIl of the back, to simulate :t typical deposit 
within the soft tissues only, 16.5 cym. 

RESCLTS 

Data from the 11.3” x 4” cbrystal were accumulated 
on a 512-channel Suclear Data analyzer, those from 
the 7” x 3.5” on a 400-tahannel RIDL instrument. Data 
out put mere punched on 1)uper tape which was proc- 
essed initially with a CDC l(j0A computer. 1’ ’or some 
proce,ssirig recpjring greater core meniory t*apacity 
(spevtruni normalizatioii mid fitting, digital plotting via 
Cal Comp plotter, etc.), the data are transferred via 
magnetic tape to the CDC 3300. 

The raw data from Thorotrast patients have been 
corrected for estimated potassium and cesium burdens 
by subtraction of the specatrum obtained from a Thoro- 
trast -free individual of comparable height and weight. 

* In the energy region 200 keV-2.8 MeV, and in coincidence 
with gamm:t rays detected by the lower crystal between 485 
keV and 2.92 MeV. 

O h 5 1 4  

Tnble 32 lists net rountiig rates observed in s ch te t l  
eiiergy bands for the four patients st utliecl. Tyl)it.al 
b:wkgrounds :we :~Iso iiitaludcd. Estim:ites of atat  ivit y i n  
t lie Io\vcr Icg : L I ~  fret :ire given in .\j)petidis 11. 

Spec.i:il thanks :ire due to Dr. W. 13. Pwinson :ird 121.. 
1:. . J .  Hodges of the I-iiiversity ,\Icdit-:tl Center in -Inn 
Arbor, 11it:hig:iii for m:iking the patiriits :kv:iil:hlcb for 
this study and sul)~) lyi~ig essential infoimi:it ioii rc1lcv:iiit 
to this investig:it,ion. Nr .  Paul Hess rontributed to the 
design a r id  construd ioii of phantoms niid in the t aliinp 
:ind reduc.1 ion of (lata. 

APPENDIX I 

ISTROD‘CCTIOS 

A met,hod of c-orrct*tiiig whole-body roulitirig tl:it:i 

for the effecats ct’ wlf-abwrl)t ion loss has heen it~vest i -  
gated, which is nl)l)liwble when i t  is kiio\vii a priori  t ha1 
the :ictivity to be nie:isurrd is c+oncelitr:ited in a slwitir 
region or org:tn. The immediate appIit2:ition to the case 
of liver deposits iii Thorotr:ist-injevred 1,ntierit s ha.. 
already been mentioned, and the discussion will den1 
with techniques adapted to this specific end, although 
the general met hod is believed to have greater useful- 
ness . 

It is desired to tleterniiiie the amount of gamnx- 
eiiiitting element 1ot.at ed in an organ \vho.se posit ion 
within the body, sncl whose size :ind .shape, are lino\vn 
only roughly. Two crystal detectors :ire employed, lo- 
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(bated on opposite sides of the body and separated by a 
fixed distance, so positioned that  the line joining them 
and coinciding with their axes also intersects the center 
of the region of interest. The two detectors should sub- 
tend nearly equal solid angles. 

011 the basis of preliminary measurements, it appears 
that the ratio of counting rates in the two detectors, in 
a given energy band, urliquely determines the location 
of an effective "center of activity" of the uiiknown 
source :dong the axis as established above. The l o w  
tioti, i.e., the distance from either detector (or a11y other 
fixed referenc*e point) to the (*enter of activity IXLY be 
rvnluated by rcfcrerwe to c*:ilibration data obtained 
with :L suituhle phnntom, i n  which the location of n 
\)oilit sourre of the same radionuclide is system:it ic*:illy 
xiried. Since the interisity of the c*alibr:iting source 
m:iy :dao be li11own with prevision, the sanie cdibrntion 
may be used to estimate the amount of activity 1)reseiit 
in t he u n k t ~ o \ v ~  

EX PE H I  11 ES T.1 L l'HO('ED V RE 

The I J o i r i t  x o u r ( ~  c w ~ I ) l o ? ; c t c l  w:ts :i 25-rc: ghss bottle of 
; I he  tY1)c u,scd for l):irl;:q$tig Thoro1 I Z L S ~ .  It 113s breii oh- 

,~ervctl ilia1 i hv  c l w t  rill buffcriiig of 1 he cwlloidal Thoro- 
I I r:Lst Fails :if1 (11' ext cwclctl st oluge t imc, permit tiiig 
I 
! c*l\iinl)iiig of i h c h  ni:it ( > r i d  : t i i d  c*oiislccluciit iioriuiiiform 
1 distribution w i t h i n  the hottlc; therefore, a measured 
j amount of ThO? ~)omtler was uuiformly distributed 
j wit hili the so i irc~  bottle iii  ug:u. niediurn. The phantom 
I c*oiisistrd of thick Prcsd~~ootl  shcet.s. 20 x 24 cm i n  

size. Twcirt y-five of these provided :I phantom thick- 
iicss of I O  cin. Counts from both detevtors :it :i scl)ura- 
tion of :E cm ww :icwumul:it eci for 20 min :if cw*h of 15 
sourre lowtioils, sp:miiiiig t he w i t  ire rmgc of ~ihuii t om 
thic*kness. -1 plot of R i  versus 1)osition i n  the phantom 
was obtnilicd, where R ,  is the ratio of counting rate in 
the ll.5r' x 4" vrystal to that in the 7" x 3.5" crystal, 
in the i th energy baiid. The five eiiergy regions em- 
ployed ~ w r e  those of Table 32,  namely: 

i 
1 

i = I ,  200-430 keV 
2 ,  4:30-'700 keV 
3, 0.8:3-1.10 SIeV 
4, 1.4.5-1.7.5 JIeV 
5 ,  5.4-2.8 SIeV. 

R v:ilues were observed ranging from about 3.0 at  a 
dist:m.e of 2.5 cni below the upper .surfnee of the 1)han- 
tom (18 cm from the face of the 11.3" x 4" vrystal) to 
0.25 at the other extreme of the phantom, 1X.i cm be- 
low t he upper surface. -1 sniall but  consistent variation 
of the ratio with energy was observed at  fised source 
posit ion. 

The unk~iowii employed was a ThOJoaded "liver" 
molded of Mix D(4)--:i p:iruffin-polyethyler~e mixture 

I I 

JJ ~ 185 1 5',lO" i 43 1949 30 
MJf 1 105 5 62 
RP ~ 180 1 5'10 1 49 
HR , 186 5'11" 

I Set  counting rate fcpm) 

Energy band 

Patient 200 - 430 - 0.830 - 1 4 5  - 2 4 - 
430 700 1.1 1.75 , 2.8 Total 
Lev keV MeV MeV MeV 

. i t  1 meter, 1112" s 4" crystal 

~ 1 1  Patient had received = 1  niCi Hgl97 for brain scan a prox- 
iniately 4 ntottths previouu to routit. The numbers in 8ols. 1 
:)lid ii reflect the residual Imrdeit, apparently concentrated in 
kidneys. 

All the 1)ackground (lata in Table 32 were obtained by 
counting an average adult, and thus include a nommal, or typi- 
r d ,  corit rilmi i o n  from Ii'" :tiid C.qlz7. 



TABLE 33. S I ’ M M A H Y  O F  I i E s t - r r s  OS S M A L L  (850 C )  LIVER 
COSTAISIXG 0.98 c Tho? 

Depth to center line i 5 ,1  1 8.0 I 11.1 
of paraffin I 

i 
Mean ratio (Iiet 1 2.73  1 1.54 i 0.739 

Calculated “point ~ 3.53 f 0.06 1 6.5 rf 0.1 1 9 . 2  f 0.2  

i 
cpm i11.5 X 41/ 1 I I 

I 

~ 

i 

net cpm P x 3.51)l 

depth” (cm) I j 

equivalent I 

rical center line ; I 
to  “point equivs- i 

13iEererice, geomet- , 1 .R ~ 1 . 2  1.9 
1 

let depth” (cxn) I 

ThOf ( g )  

Calculatedactivity U.T% =t 0.011 0.93 O.0?!0.891 f 0.04 
I 

A l l  errors a re  oiie stsiidard deviation. 

with small quantities of magnesium and titanium oxides 
:idded to match more rienrly the effective 2 of water or 
tissue. I t  hiis been hhown~S) that this material is very 
closely w:iter-ecluiv;llent i t ,  the energy range of interest. 
The “liver” diniensions were roughly 21 s I i  s 7 cm; 
its mass of 8.70 g was somewhat less than that of a nor- 
mal adult male. An outer layer of epoxy p1:ist ic :ipproxi- 
mately 1 mni in thickness was applied to avoid surface 
(lamage and loss of radioac*tivity, nnd it  was then em- 
bedded in a rectangular block of plain paraffin in order 
to farilitate reproducible positioning within the Presd- 
wood phantom. .Idditional l’resdwood sheets having a 
large rectangular rut-out to :icconiniodate the paraffin 
block were utilized. 

Data were taken with the “unknown liver,” contain- 
ing 0.98 g T h o 2 ,  at  three depths mithiri the phantom. 
All numbers mere corrected for background, and the net 
counting-rate ratios converted to “effective point - 
equivalent depths.” These calculated depths, which are 
remarkably consistent over the range of energies em- 
ployed, differ from the reference distance as measured 
to the midplane by a iie:irly constant amount. The 
activity of the utiktiown w a h  then ralculated from the 
observed counting rate of the reference point source 
when locoated :it the wiie depth. In prac.ticie, linear 
interpolation from the nearest valibration depths \vas 
employed to estimate thia counting rate. The results SO 

obtained are shown in Table 33. 
Calibration and “unknown” counts were also made in 

the coiricic1enc.e mode, but ansly& of these data has 
not been vompleted. 

co~cLrs Iov  

While t hcse nmisuretiirnts do ttot cover a sufficielltly 
large mnge of conditiorts to he (-otw1usive, the agree- 
mc‘nt (of the order of .i ;) h t \ v e r i i  Iht amoutit of w- 

tivity known to have been incorporated into the ‘‘1111- 
k110\v1~” atid that calculated, as well as the consistency 
in &l)t h localization, is reassuring. It suggests that  
calibration data utilizing a small source may be used 
to estimate the position and intensity of a larger, ir- 
regularly-shaped radioactive body. The use of a small, 
regularly-shaped source is usually more ckonvenient 
from a physical standpoint, and insures t.hat its “effec- 
tive (-enter” and geoniet,ric center coincide, i.e., that it 
behaves like an idealized point source. 

The uncuertainties introduced by lateral displacaenient 
of the *‘unknown liver” in the phantom were ewlunted 
roughly, and do not appear to be significant for dis- 
placements of 4 to 6 mi at the spacing e ~ i ~ p l ~ p e c l .  In 
human counting, greater uncertainties may I)erhn[)s 
exist if the measurements are made by individuals 
without the requisite knowledge of normal v:irialions 
in anatomy among individuals and the abilit y to deter- 
mine orgun position and orieritatioti by \)til~):i( ion, 
:iusculi:itiou or other methods of physical csamiii:tl ion. 
It ~ ~ o u l d  .seem that this liniit;ition is uot fuiidameutal. 
It should be noted that radiogra1)hs were nv:rilahle of 
the Thorotrnst Imtients counted, which revealed thc 
sl)lecir cluitc well but did i i o t  Iwove of great v:iluc i t )  

demotist r:it irig the liver. 

APPENDIX /I 

Culibratioii of the cwuntilig data  in coiticideoce over 
the shins was acc~onilJlished by means of a leg ph:lritotil 
containing a known :imount of Tho2 . A length of 4-nini 
OD Tygon tubing w:is lo:ided with the mdiouctive nx- 
terial ntid iirserted into a hole drilled through the Iotig 
axis of :I huni:m tibia. The ends were senled with epoxy. 
The tibia arid matc!hirig fibula were then inserted iirto :I 

hollow plastic matiikiti leg of the type sold for the dis- 
play of nylon hosiery, rare being taken to approsinitit 
their anatomically-correct locat ion. The leg was fillet1 
with water, retained by a Lucite end-plate and tilling 
plug at the knee. Counts were made with this phatLtot1, 
1)laced i n  the stnndnrd huninn shin counting gcomet ry  
illustrated in Figlire 44. 

The amount of TI”)X, I)rinc*ipl c.otitributor to  voiiic.! 
dcnw everits;. which was actually present i n  thr i h l i  

tom, was theti determined from ;in estimate of the ch,  
gree of equilibration of the T h o 2  powder used. This W:I 

deterniiried by rompirison of the g:unima spectrum at11 
relative decay rate with that from an old bottle o 
Thorotrast, having an espiratioti date of 1087 a111 
hetm :it lenst 9.5 ‘3. equilibr:>.tPd. 

The leg hurdetts of the four itidividuals listed i :  
Table 32, as vorrected for Ia(.k of equilibriuni of i I  

jectrd n i a t eh l  (and :wuming 1)rininry sq):ir:it ion I 

have tnkrti 1)I:ic-e three yriirs Ilrior to iiijcrtiot1 (I:LII 
are 3s folloivs: 



XvI 0.04 g T h o z  in equilibrium 
HR 0.07 " " 

RP 0.03'' " 

JJ 0.05 " " 

" 

' L  

4' 

By assuming that the portion of the skeleton viewed by 
our setup equals 18%,@) and by assuming that the 
whole-body T1208/Th232 = 0.4 as before, we can calculate 
i he skeletal content as: 

1111 0.22 g 2 14% of T1208 body burden 'v 5.6% of 

HR 0.39 g il: 8 %  of TP8 body burden 1 3.2% of 

ItP 0.17 g Y- 12% of TP8 body burden cv 4.8% of 

,J.J 0.28 g 'v 16..5% of T1?08 body burden Z! 6.6 % 

Th232 

Th232 

Th??? 

of Th2=. 

Considering the preliminary character of these meas- 
iirements, we find these figures in  fair accord with meas- 
tirement of skeletal snml)les c*ontairiing marrow.(" 

I t  should be noted that a tionnegligible portion of the 
counts observed in coincidence may origixlate, in factj, 
from the Acns-Th228 decay. The extent of this contribu- 
tion, relative to the T12@-Pb2b8 must differ for the in vivo 
and in i'itro cases. The above data have not been cor- 
rected for this. 
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GAMMA-RAY BACKGROUNDS IN THE RPY VAULT: 
STABILITY AND RADON DEPENDENCE 

J .  B. Coreoran anti F. Jiarkun 

The RPl-  low-level ginmia ray counting facility 
(called the "vault") has been previously described.") 
It includes :in iron room and other shielding devices in 
:in underground vhamber arid features :t controlled 
supply of essentially radon-free air.'?' This report de- 
scbribes a series of nieasurements to determine gamma- 
ray background stability in the vault under normal 
operating conditions and to assess the contribution 
rudon makes to the bwkgrouild. 

E Q U I P V E N T  C O S F I G C R h T I O S  

Equipment comisted of two S:d (Tl) scinti1l:itioii 
wystals positioned in the approximate venter of the 
troll Room. The smaller crystal (i" x 3" crystal) is 7 
inches in dhmeter arid 3 inches thick with a single 5-  
inch quartz photomultiplier tube. This crystal assembly 
has a very low intrinsic background with spevtral de- 
tails barely visible. The larger crystal (1 l'' x 4" vrystal) 
is 1 invhes in diameter aiid 4 iwhes thirk. It has 
%even 3-irwh glass ph01 oniultiplier tubes which (*on- 
tribute &out PO ('; of the background :uid evideiic-e 
I heniselves by cmisiderablc spectra 1 del nil. 

The two crys~iils were hooked up to entirely irde- 
pendent elec*troiiic* systems. The 11" x Af' was con- 
nected to a Sucienr Data 512-c~hanuel analyzer and the 
'7" x :3", a RIDL 400-ch:innel nn:ilyzer. Individual high- 
voltage >upplies and pre-amldifiers were also used. The 
two analyzers were run concurrently on 40-minute auto- 
repeat rycles. Daily adjustments kept the synchroniza- 
tion drift to less than a maximum of two minutes. 

Under iiormnl v:iult vonditioiis background stability 
was established by :I series of .X runs st,arting AIay 1, 
18O.3, niid exteridirig through 1Iay 3 .  The radon-removal 
system ivm operating normdly, maintaining the vault 
radon level a t  0.018 =t 0.008 pCi,/l. The punched paper 
tape output, from the nnalyzers was processed or1 the 
CDC I t i O - X  c*omputer by the l839/RPl7 dat,a process- 
ing which reduved the chta to counts per 
niinutc :tiit1 summed the vaunts in nine energy bands. 
The s u m s  w r c  out 1)it t  from the 1 tjO-.A on pmched 
cwds n-hich were used ;is ininit to the CDC :3(iOO ('om- 


