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FIG. 4, EKK~ of so'.' I c matrix on counting rate for rotating samples. 
Cunc 1. Air matri\ - c r u u  counting. 
Curvc 2. T k u c  sirnl.!d- : 1. . *rix--gross counting. 
Curve 3. Air matm-lw.iA mlrgrd counting. 

t l?c  4. T c t ~ c  simulant matrix-pd integral counting. 

spectrum or for the integrated countc under 
the photo peak (Curva 1 and 3 of Fig. 4;. 
T h e  fractional differences f o r  t h e  counting 
rates am plotted a function of source position, 
shown by the graph at the right in  Fig. 4. 

counting of large samph b) tonibmc' scanning an& 
roblion (rob-scw) 

Results of rota-scan counting of large samplr, 
approximating the size of thc human body, 

are shown in Fig. 5. The two c w a  rbaw 
results of counting a source of u7(=s, nuptnded 
in water, at different positions on a line 
extending diagonally Lhrough a 30- by 92- 
cylindrical container. A diagonal distance of 
zero, m indicated by t h e  diagram to the  right., 
k damt& as the 
k the grcatat distance &om the detector with 
the cylinder in thc position for static counting. 
Counting with neither sample rotation nor 
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dct :x tc~  li c,-- i  ~ l i ~ t l t  I\*;.s  don^ ti::!i I ! ,C  c!,tcctcr 
rc,ii:Ili:i;g ht  a pwition OVCI' thc c~~:iic!r of tlle 
L j!;ttJcr, l'lkc c l a ~ i  I;)r ( h i  vc 2 of l-ig. 5 ~ P C I ' C  
oI;:&c.(I v.ii!i tlic cyli.:di icd (3:itnirIcr 1ot:ting 
at 2.4 lpill whilc thc dctcctor movcd 7.6 in./n\in 
pa~zllcl to tlic a ~ i s  of rotation. Tlic outhidc 
c-dgc of the dctcctor was- aligned \*a ith the end 
of the containcr at both thc tiiiic of the bcginning 
and the time of the tcrinination of tlic scan. 
Each point on the cuwc is for a diffcreiit 
position of thc source along thc diagonal linc 
indicated in the diagram. The counting rate 
shows a n  increase as the source H'ZU displaced 
from the rotation a .  toward the end of the 
cylinder. However, this variability in counting 
rate from results of rota-scan counting is not 
excessive when compared to the data obtained 
witb  the sample rcniaining static dliring the 
period of counting. 

. .  

&la-scan os a mrfhod of uihak-bo4 co~:. : i .  

A comparison of the convcntiona! mcihod 
(static counting Jiid the rota-scan technique 

. for whoIc-body counting of a human subject 
is shown in F i g .  6. For the fint phasc of thc 
rtudy, t h c  data were from rcpcatcd counting 
ofan individual who had ingestcd l 3 l I  (Curva  1 
and 2 of Fig. 6). The  actitit). was scaled in a 
three-layer gelatin capsule and talrcn orally 
i m m d a t c l y  before thc first wholc-body count. 
Initially the acti\-ity was a point source; but 
d i c r  dissolution, the radionuclidc was subject ,ul 
to t h e  characteristic mctabolic processes for 

ioddinc in the body. Daling thc 24-llr hie 
iiitc.n*al, changes in p~sjl;on of tllc activity 
rcw! tcd so that distl it;utbn diZCrcncc3 are 
TICO rcprcw1ttd by yojtiu alcxig t:ic i ~ ~ s c i t ? a *  
Var iatiom in COlilitirig rate show thc inahi)itY 
of the indicated technique to  conlZ>c11mte 
for dijti ibution clianges of the I-adionucEde 
in the body, The  State of the activity ranged 
from a point source, initially, to a widely 
distributed source then back again to  a point 
source as part of the 131X became concent ra td  
in the thyroid. All whole-body counting data 
were colrcctcd for radiological decay a n d  
acrctcd activity, and the counts recorded were 
from the 0.36-hIc'c' photopeak of 1311 integrated 
over thc energy range from 0.31 3feV to 
0.44 3leI'. Compton contribution from the 
pcaks above 0.36 MeV was subtracted. T h e  
first whole-body count was 0.8 hr after the 
capsule had been taken orally into the body and 
is represented as the high point on Curve 1 
of Fig. 6. This count was Wore h e  fint 
indication of activity in the blood. The capsule 
dissolved, releasing iodine to the b l d  s t r e a m ,  
somctime during the time interval from 2.0 to 
3.5hr. This information was from the hand 
counting data. )\laximum activity in the b l d  
was at 4.7 hr after the capsule was ingested, 
which is also the time the low point appean 
on this curve from the static counting data. 
The activity was undoubtedly dispersed to the 
greatat  extent throughout the body a t  this 
time. The iodine in the blood, circulating in 
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FIO. 7. Comparhon of static and rota-scan tcchniqucs for whole-body counting of a human 
tubjcct with an insoluble mi:rcc of manganac-54 at variou locatioru along the GI trrct. 

the legs, head, and other cutrc:njtics of the 
body, would contribute verylittle to  t l ~ c  rn.;i.ting 
rate. T h e  gradual upward slope of llic curve 
between 5 and 25  hr could result from t h e  slow 
h n s f e r  of this activity from the b l d  s t r t a m  
to the organs of the body that were relatively 
near the detector, with las absorber between 
the source and t h e  scintillation cr).stal. T h e  
iodine would be concentrated in t h e  th)"ro)id, 
liver, and bone after equilibrium had been 
reached.(7) 

The raulu of whole-body counting by the 
mta-scan technique are shown by Curve 2 
of Fig. 6.  The data points for this c w e  w u t  
from repeated counting of the same individual 
who had been a p e d  to the soluble ='I and 
were wed to obtain the previously &cussed 
data t o m  whole-body counting by the .con- 
vtntiod technique. The initial counting 
rates which were obtained before &solution 
and blood uptake, were high; but the variation 
was much lar for th is metbod of counting. 
This d o w n 4  cumaturc of the plot., covuing 
the intend up to approximately Shr, could 
ruult from the combirution d cventr indicated 
abuvt. The rcqueooe dcvtatr a d d  indude 
the diudving d t h  awe, mvding dthe 
rclurcd activity furrber down tbc pbp 
in ta t id  trrcf md rbe trrndariag d tk 
r c t i r i r y i n r 0 t b e W ~  TbcdiAacpa 
in the ownting m e  u I .ad 8 &  b p&&ty 
tk rrrulr d a  c h n g ~  h n  a pint m a s m  o a 
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widely dttributed SOOUTCC, which undoubtedly 
represents the most a d v m  conditions of loufcc 
distribution changes t!!t would bc encouotatd 
in whole-body counting. After relcuc of the 
iodine to t h e  blood, the curve s l o p  rlightIy 
upward as t h e  activity becomes concentrated 
in t h e  organs. The small difftrcncx in oounting 
rate for this large difference in geometry b 
insignificant, especially when compared to the 
resulb of static counting. Results of mother 
study show the counting rate remained nearly 
constant for an insoluble point source at different 
positions along t h e  gastrointestinal tract (Curve 
3 of Fig. 6). Those results again dunonstrate 
the capability of the rota-scan technjque to 
reproduce counting rates for large diffemca 
in the position of the activity in the body. 
The curve show a slight downward dope u 
the source moved to a position in the t'ectum 
near the terminal point of the )CM. The &t. 
for the 2Shr point wcx obtained immadi.tcly 
Nore  rlimination of the capsulc in the I-. 

F i  7 r h m  a cornpariron of static .ad 
rota-scan whole-Wy countiag for m~rrUring 
activity of an insoluble capule d "Mn rt 
diAcrent padtiom dong thc pado- 
trrd. T h e c o u n t i n g & t r w a t b ~  
anlnts UPdcT tbc 0.84 PboroPeJ dUMa 

rDb..+crtlmttbOd- .&rtbr- 
aPcabdrb+Staa&klftbtQllRt 
b 3 ~ * 6 I x ~ ~  

A higb oauldng n& WII obwrvad k tbt 
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FIG. E, RotA-scan method applied to wholc-body counting. 

source had been in the bqdy more than 2 hr. 
hiaximuni and minimum co:ir.ting rates for the 
static counting method we:c 1 d h - I  at 1.5 and 
13 hr, with the source positiozcd in tlie stomach 
and l o w u  colon For t h c  big!, a:. ! l o \ ,  points 
on the CUNC. T h a c  souric  ~h!sitiom were 
determined I ) !  hclical scanning of t he  body at 
the time of t h e  wholc-body count. The addi- 
tional high point on thc C U R C ,  at 5.3 hr, 
raultcd from a source p j t j a n e d  in thc small 
intestine, toward thc vcnrra! side of the body 
in line with the  cxntcr of the dcrcctor. Other low 
points on thc c w e  were obtained with the 
source in the lower largc intrt inc.  T h e  reason 
for the low count at zcro time is unknown. 
Howcver, the sourcc may have becn pocitioned 
in the lower end of the e s o p h a p  or along the 
posterior wall of &c stomach at a greater 
distance fmm the static detector. T h e  capsule 
was wal lowed with the subject in t hc  counting 
position. 

T b c  cfJcct of the scan length for stabilizing 
the counting rate caused by differences in 
activity position was invatigated by counting 
an holublc source of radicractivit). at different 
positions dong the intestinal tract. Although 
the .mount of data collectai was limited, the 
importance of this variable h demonstrated in 
Fig. 8. T b e  d m e d  munting rate at approxi- 
nutcly 24hr is t h e  result of the incre;ue in 

at th is point in the Jowa ptrointutinrl tract, 
&e UDOllllt  d b b h  nrrrOUnding the WurcC 

added to the &est d pitiocsing of the activity 
DturrLheLaminrlpointdtbem. Exundoa 
dtbe tcan Lctrgth yu CA& in coc~pcrtyting 

for this deviation from linearity. Results of 
this study demonstrate thc importance of 
determining optimum scan length and the 
points along the body for the s t a r t  and termina- 
tion of the scan. 

Hdisal scanning 
Helical scanning was investigated as a 

tekhniquc to determine the location of activity 
in the body. Figure 9 shows the variation in the 
instrument response from activity in a human- 
size manikin which was maintained in a state 
of rotational motion with the detector making 
lengthwise along the body during the pUiod 
of counting. The detector position on the 
longitudinal axis of thc body (scale at the center 
of the graph) is plotted as a function of counting 
rate. Body onentation with respect to the 
detector is indicated along thc top of the figure. 
with the manikin facing the detector, the 
orientation of the body is defined as zero 
degrees. The  point on the symbols indiute the 
direction that the body is facing (nose pasition) 
with respect to the detector rymbok below. 
T h e  anatomical drawing shows the position 

of the counting rate meter rapow m u .  
Sources were positioned in the kidney and lung 
to obtain the data for this first hel iul  m. 
f i e  body wu muted at 0.6rpm and the 8 
by .Lb. detector (without c o h t b n )  w e d  

each time ather du OI IUag, *ch 

of the M y  orgtu with respect to the pudu 

dong the M y  8 t  2.2 b/&. P a h  Ue G b k  

ywrc+, yI1 A 
h t k c k t e u n r .  T b c + = w t f r o a ,  
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FIO. 9. Helical ICUI wing  “Rcrncal” manikin, 8 in. x 4 in. detator Witbat  

collimation, rourca in lung m d  kidney. 
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FIG. 10k Hclical scan-sources in kidncF of "Rcmca!" manikin. 

lung activity predominate until the detector 
was at a position greater than 12 in. down the 
body from the point d the n m .  The high peak 
h m  lung contribution was at ah., occurring 
at a point over the upper half of the lung. The 
body orientation indicated for this high counting 
rate shows t h e  right side of the body .toward t h e  
detector (-300"). The counting rate contribu- 
tion from thc kidney prcdominata at d i s l a n c a  
greater than 12 in. d o n g  the body, with peakr 
of equal height occUrring at 17.5 and 21.5h. 
The peaks from kidnty contribution OCCUT 
rrpcatedly with the indicated body orientation 
at abut  135". T h e  high raul:cd when 
thc detector U?J ovcr the  left tidnc).. 

A Col l in~t td  del- w dfcctivc for 

d Lhc &tin (rip 10 d IW;. Thc u p p  
radving - poLitioncd in c l u e  * 

cume was obtained w i t h  a 3- by 3-in. scinti lh- 
tion detector collimated to 1 in. The scan rate 
was maintained at 2.2in./min, but the body . 
rotation rate was incrcsed to 2.4rpm. Two 
peaks are resolved for a single turn of +e body, 
and the  high pcak of the curve is at 21 in. 
which is directly in line with the kidney 
position. The curve shown in Fig: 10A is 
the scan for t h e  kidney area only and is between 
18 and 24 in. The abscissa scale was expanded 
to obtain the detail curve. The two well- 
rrsolvcd pcalu occur 90" apart, with the Muey 
bctwcen t h e  peaks at 180". For h i s  orientation 
of t h e  body, the position of the d e w  h at 
the all- d t h e  hdc, ktw.acn the two tidayr 
RcIativc activity Ics.d, tor the two .rr 
i n d i c i d  h) p c d  hdght d i f f m  
TIK i n \ n t i g r k n  d tbc Idid 
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FIG. 11. Hclical scan of human bod,.. Point murcc of n w g m ~ - 5 4  in stomach. 3 in. x 
3 in. detector wilh 3 in. co!limtor. Scanning rate 2.2 in./min. Body rotation rote 12 rpm. 

technique was extended to i n  t i t o  dercrminatiom 
of the position of actib-ity in a human subjcct. 
Scans were obtained of an indhidual who had 
voluntarily ingated a radioactive source a n -  
taining 1 pCi of insoluble "Sin. Twelve 
different observations were made at intervals 
over a 20-hr period to determine thc different 
positions of the source along the gastrointestinal 
tract. The  rate of movcmcnt of the dctector 
down the body was 2.2 in./min, and the 
rotation rate was maintained at 1.2 rpm. The  
3- by Sin. detector was collimated to 3 i n .  
Detector movement, at a rate of 2.5 in./rev of 
the body, e v e  8 slight overlap of the helical 
pattern to uuurt complete covcragc of the body 
sdacc. 

The  fint )ern cd the inchidual was at  0.2 hr 
lner ingestion of t h e  Guolublc crpulc 01 
YXIn (Fig. 1 1 ) .  A ITuximum m t m g  rate b 
indiatcd w i t h  t h c  dctccror at 8 d i r t m a  d 
15 in. down lhc bcldy Gom thc  point dlbe mu. 

The peaks occur with a body orientation 
of 65' with respect to the detector (body fhcing 
toward the right from the detector axis) and 
show that the source was displactd from the body 
axis toward the left side. The  source p i t i o n  
as indicated by the experimental data is ahown 
on the anatomical drawing. Thi, position 
in the stomach agrees with the postulate loat ion 
at 0.2 hr after ingation. At 5.5 hr dta ;ng& 
tion, the source had moved to a position 25 in. 
down the body (Fig. l2 ) .  The  or ientdon ofthe 
body (shown by the d e  and rymbb 8t the 
top of the graph) was 30°, with the detector 
racdving maximum signal at the time the body 
was facing slightly right from the detector rxk 
Thae arpnimmtal mulu pLcc the KIufct, 
8 3  indicated by the drrwing, 8t  a point in tbt 
small intatiot which w u  t o w 4  the marl 
ride d the Wy. 'Ibe bdial ym, t8kca u 
13.1 hr ~ t n  ;ngeztion d d~ d t ~ ,  
8 p o d b  d a w n h w h i b c  



Fie. 12. Helical e . m ~  of human body. Point wurcc of manganat-54 in s m a l l  intatint. 
3 in, x 3 in. dctccmr witb 3 in. collimator. Scanning rate 2.2 in./&. Body routing 

rate 1.2 rpm. 

I 

point of the nose (Fig. 13). The orientation of 

approximately. 9Qo, with the left ride rowad 
SCAN T l M E ( h 1  SOURCE BODY - BODY the detector. These results indicate a position 

of the ~ o ~ c e  in the region of the descending 
colon, which again is not different from the 

I 0 2  6 65  . B  postulated position for this residence time of the 
2 I .5 14 90 ' 4 * ;  '~~'t so- in the body. Detailed prexntation of 

135 1 - ~ d r c h t a  k shown for only three of the thirteen 
3 2 1  I5 
4 33 18 

3. F ' difference scam, but d data me p-ted in 
*- Table 3. Elapsed h e  after ingestion of the 

5 
6 

6 7 1  e4 I80 . 1, - p' p~urcc, distance of the source down the body 
from the n w ,  body orientation in dcgrcu 
with rapcct to the detector, and the body 
orientation diagram ~fc trbhted in thir ubk. 

_ _  The ruulu of thae thinccn diffcralt lora 
m e  rhc rnovcmcnt ai the )oufct Jose 1& 
g U t t U i n t c r W  tract from 0-2 hr .Tta 

Tohb 1. H r l i r o l  scan doh / o r  souru f i k t i ~ ~  along the ,my for maximum counting fite 
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of the source to the time immediately before 
dimination in the feces. T h e  body orientation 
for &urn counting rate and distance along 
the body remained nearly the same for the 

to 2.1 hr dur' ingestion. The  scam obtained 
between 5.5 and 7.1 hr indicate source pmitioru 
in the small intestine .nd in the upper part of 

orientation m d  in so- distance down the 
body from the d c n n c c  point for the d u m  

and 13.1 hr dtu ingestion of the activity, the 
put remained at 19 in. with 8 bod)* onenu- 
tion d90". The indiutcd position d l b c  sours, 
derived from thbe &u, ir in the daoeoding 
d o n .  At 17.5 hr, the dirrctiao d -b 

w u t w u d r h c v t n t r r l r i d c d t b c ~ ( 7 0 9  

b t  three UaIU, covering the time period up 

the large intestine. T h e  diffatnce both in body 

counting mte b deuly  iadiuted. &tween 9 hr 

and the distance down the body in& to 

27in., and the peaks occurred with the body 
facing dirrctly away from the detector at 180". ' 

The source wiu eliminated in the feca h d y  
after thit l is t  scan. 

SUMMARY 

21in. The maximum distance morded.wrJ 




