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LOCATIOS OF SPECIFIC ::Lll S 1N TI 
JESSE 1. ASUEHSON Bnd UALE G. OLSON 

Ilcalth & m i c a  Labratov, US. Atomic Encrm Conimiuion, Idaho Falls, Idaho 

(Rtr r i r rd26 JWJ 1971; in rr&djom 30 Dtrrmbrr 1971) 

Abrt rnc t -Tlc  p u r p c  of thir invntigation WBJ to dcvclop a method toloutc and to trice the 
movcmcnt of garnmaqmitting nuclida in human rubjccu by w n n i n g  rhe body heliully with 
a collimated scintillation dcicctor. The couiiting system WL) a hclicd r u n n e r  and a 4K 
analyzer. An I B M  360 cornputcr war'IIKd to rcducc the counting data. For each r u n  of Ibc 
body, m many u 409C scparatc mcuurcrncnu wcrc madc of the level of actir-ity at p i t i o n ,  
d o n g  thc helical path ofthc dcicctor as i t  m o d  around and along the body. T h c  raulu were 
in thc form orcompuicr.ptcducrd isometric and/or h o u n t  conlour plou rhowing thc location 
and rclativc quant i t ia  of thc spctific nuclida in the dilfcrent uctioru of the body. Porition, on  
thc aurfacc of thc b o d y  wcrc plotrcd ~1 a function of gamma activity and gamma energy. 
Rauluaregivcn  for 12 scans tbat wcrc o b t a i n 4  from thrcc diKcrent penonr. Chango in the 
distribution ofthc activity in the b d y  W C I C  detcrinincd u a function of time by repeated sum 
of the u m c  individual T h c  m u l u  o! thin study show that helical scanning can bc uud to 

If the heliul 
mnhguration is urd. rpcatcd KIN arc  not nccasary in ordcr to cover the  ~ur€ace of the body 
k m  h e r l a t c d  limiu of thr K i n .  k i g c  quant iua  of dab arc rapidly d u d  IO the M 
r o u l c ~  by a higb-speed cornputc:. 

determine thc total b o d y  &tributton.of garnma-crnitting nuclida in' humans. ~ 

INTFtODUCTlOS . w n n i n g  or recdl inur  scanning. O&viouIy, 
HELICAL scanning or rota-scanning h a  bccri multiple s u m  are required when t h a e  tech. 
dacribed u a method of wholc-bod\ coun:ing n iqua  a r c  wd if the detector ir to pw n u r  
and/or .rc1 scanning. Radionuciidci hcrt  thc critical organs in the body. The purpmc 
d in   DO by scanning the W-,. \ \ i t ) ;  rorai- of our study was to t a t  hel iul  aunning u a 
ing Kintillation detecton ll.*. Initial!;,  rhp mcthod of area sunning to determine the  toul- 
emphui ,  w u  on the utilization or a h t : , .  ;I!  LK+ distribution of gamma-einitting concuni- 
m n n c r  u a wholc-body counter. Bccausc of nanb. A methodisdcxribed for the appliution 
the hcliul configuration of the scan, thc count- of a large two-puameier analyzer system to 
ing geometry ofa I n  counter is  simulated so that accumulate up to 4096 separate counting tat= 
t h e  distribution of activity i n  the body ha, leu for cach s o n  of the body. Comprehensive 
deet on the counting mulu. Even though a computer techniques w described that were 
reliable meuwcmcnt  of the total quantity of employed to reduce thew large quantitia of 
u c h  d o n u c l i d e  in the human body i s  the data to the  f i ~ l  g r a p h i d  m d  numerid 
major concern, the fractional part of each rcsultr. 
clement in u c h  organ or part of thc body must 
be & n o m  in order to calculate the  organ d w .  The  counting p d w  wu to w the 
Fortunately, most organs a r c  not on the ccnu;rl human body with rotating detecton."' The 
axk of the M y  and some u e  v e v  near the accumdation and procaring or che counting 
wrfacc. Helical scanning b specially tpp l iub lc  data were accompt+hed d n g  a heliul Ic.nncT, 
for the determination of rcladvc quandua  a 4%6-chmnel 2-pruncter  aMl)Zer vtmr, 
of gammr-emitting elementr in these organs and an IBM 360 computer. UP>O 40% v t c  
k u w c  che detector u n  bc d e  to r u n  over numeriul  vr lua were accumuktcd by the 
the  crib B U ~ =  of the trunk of the M y ,  counting ryrtcm for each wan of the body. 
placing it at a minimum duunce  from e a c h  T h e  perrons who d v e d  thw ~CUU w e  
organ at mmc @Lion along the  a n .  U p  to reactor worken who had k n  U& uti- 
fhh h e ,  m a t  uu scanning ha k e n  by profile dendy and pcnonr who h.d ingated d 
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I 326 LOC;\l?C~.*< Of Si'XI!'iC XUCLIDES IN 'I'liE !fUM&V BODY 

q : i x : ; i t k z  v T  I. ,C!: ::iq:c!idcs ~c!;rn!.i~iIy 
pt~,pI.tfC of t1.c s!:::iy.  TI^ t w , k  or  t 
was sc .~ i i i i c~ l  l :v1~~.1::y b y  3 :.: 3in .  
~c tcc tors  111at. i s i l c  sl i ie l t l~d Ly a 3 
Jiarnctci. c) liildi ic:il-l),,rc cd!iil,ator. l l i c  an3- 
Iy2c.r s)atciir incliidvd an cxtcinsl tiriic t;iw in 
ordcr to do tiiwscqucncc coiintin~, and the 
expirimentd coilfigtiration of tlic aystcnr c 
bc altcrcd easily by clisnging the 
patch cord conncctions on thc control m 
The counting data from cach scan of th 
werc a scr ia  of scparatc gross-gamma c 
raws or many scpsratc gamma-ray 

sequential ordcr as a ftinction of timc while 
t h e  dctcctor moved along its hrliral path around 
the body. By synchronizing thc timcr of the End Of Pmition Arpund The M y  (dcgreer) 
analyzcr q i r c m  with the scanning rate of the 
dctcctor, spccific locations in thc mcmor). were FIG. IA .  Fht  bclicd Kan of the m C b - ' " ~  

u p a u r c  c u e .  madc to corrapond to dcfinitc positions of the 
detector along iu w n n i n g  path. Data wcrc are scparatcd by alternate shaded and blank 
read from thc rnagnctic-corc mcmoi y of the areas. Each i n c r e w  of onc unit ,in the number 
u u l y z c r  onto 7-uack magnctic tape' and or letter forming the k o u n t  contour lines 
finally through a remote input-oufput terminal reprevnu a reduction of 1% uniu for the 
(RIOT) into an IBXf 360 computcr. Data k u n t  value. The  range is from a counting 
d u c t i o n  was accompliihcd by a comprchcruive n t c  of 1650 for the p i t i o n  I on the plot to a 
computer program designed to proccu hrgc counting rate of 150 8 t  contour line B. A and B 
numbcn of gamma-ray spectra and thc many arc the outer lines, and they 8rC used to define 
hundrrdc of KU of numerical valurs from the the loth and 1 1  th contour lwch which rep- 
diKecrent gross-gamma countinr ra l r s  all.:)$ thr resent the values 300 and 150, rapcctivcly. 
w n n i n g  path of the  drtcctor. Fir.a! r - i ~ l t 3  from Rotation of the detector was counterclockwise 
thc computcr wcrc obtaincd in various fomu around the body, so that O", W', 180' and 
of k o u n t  conlour plots of pros-gamma dam, 2705 definc positions d o n g  8 line down the 
bomctric plou of multiplc gammamy spectra, center of the anterior, left, posterior and right 
and thc numerical valuci for quantities of r idn  of the body, rupcctivcly. T h e  position 
different nuclides in diffcrcnt paru  of thc body. on the outside of the body whert muirnurn 

activity was detected is indicated on the plot RESULTS ASD DISCL'SSIOS 
at 13 in. k l o w  tnc mown a n a  at a m u r  132- 

Dtkrminulia oJ fht location of gros~-pmma around the left ride of t h e  body from the 0" 
uti+ in tht bo47 reference p i t i o n .  Thi defina a position to the 

Figure I A  rhowr the  r a u l u  obtained from -left of the spinal column on the pastenor 

u n u n l y  snl lowing a t.5 pCi murcc of "Co. The raulu shown in Fig. IS were obtained 
T h e  data for t h i s  plot wcrc obtaincd b y w n n i n g  fhm a scan of the u m c  p c m n  1.5 hr dter 
the body over the a r u  from the mouth to a the ''co had k e n  ingatcd but immediately 
. f i u o n  26 in. further down the lOngitUdiMl after a n  insoluble uplulc  of ~ C S  laad ken 
Ui, of the body. T h e  plot defina a11 positions wallowed. Consequently, two SOW of acdv- 
on the  surface of t h c  body between chew limiu. itv were DreKnt in the bbdy 81 the time of the 

~ . -  _--.--- 

These two typcs of data \r'crc accumu ----- 
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scanning a n  individual immediately after vol- ride ofthe body. 1 
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8 2  8 b 

I Paitions around the body in uniu of degma 
arc p ~ ~ t t e d  u a function of di tuncc dong the 
body in incha. The 1 1  differcnt contour Lina 

scan. T h e  center of the . r ~  enclosed by the 
highat  level contour line on the plot 81 about 
13 in. and 90". T h e  indicated concentradon 
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mouth. Two di3cinct areas oractivi(y arc visible. 
Roth.sourccs are at the lame contour ICVCID a n d  
Lot11 arc toward the lcft side of the bod)'. One 
sourcc is antcrior a t  about 16 in., and the other 
is portcrior at about 19 in. Their p h i o n 1  Were 
undoubtedly in the lower large intestine at the 
timc of the ,,can, probably in the descending 
colon. 

T h e  three plou that arc labeled Figs. 2A-C 
arc from scans of a reactor worker who had 
accidently inhalcd more than 150pCi  of 
irxl'a and l r V a .  The  direction of roution of 

6 arid LIALE C. Ol-*jON 

Now OF. . ~ .. . . . . . . . . .  . . . . . . . . . . . . . .  
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t h e  dctrctor for t h a c  plots w u  dcukwlc 
tuginning with the  detector w rhc  DOC at 
center on the anterior side of Be body. The 
nozc was wd u the zero dcrcncc p i n t  br 
the starting +don of the detector. Pairionr 
indiuted by the X uir or d q r a  d e  arc 00; 

the same u those of Fig. I kuuv of the R- 
v c d  dircction of roution. T h e  right m d  I d t  
rider of the body u c  repmenled by 90. UKI 
27V, raptctivcly. Figurn 2A rhon3 & m m  
advity in the daccnding colon at ab0111 21 
in. and 330'. This porition is on &e kn 
ridc of the body and 21 in. down tbe longitudinrl 
u i s  from the n w .  In  addition to this hot spot 
and the indication of incruvd activity m a t  
of the way around the body 8t thb lmd, 8 
concentration of activity u ILO indicated in the 
lung w. at about ISin.  The number 3 
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dkta1iCc axis at 0 i!i. fdr I:K O.&l-\fcI' pcak of 
".\In, a t  8 in f w  tl ir.  0.51-1lc\*- prnk of "Sr, 
=t  16 in. fur tlic 1.17- and 1.33-1lcV rcahs of 
Q C ~ ,  and at  24 in. fur thc O.CG-;\lc\' pcJk of 
"'Cs. The computer produccd I 7  SCIS ofnumcr- 
ical rcsulrs to sho\v hcight,,position, witlth and 
area of each peak in the spectra. Thc scvcn- 
leenth spcctrum was o1,taincd from thc com- 
p i t c  spectrum from tumrnaiion of spectra 1 
through 16 ac they appcar in the isomctric 
plot. Therefore, the peak areas from thc 
corr.pmitc spectrum rcpraented the total activ- 
ity of rach of the 5 nuclidcs in the whole b c d y .  
Quantities ofcach irotopc for each of I6 different 
cross-sectional areas alung thc b o d y  wcrc given 
by each of the other 16 similar ICU of numerical 
v d u a  from the computer, Thc computer 
program is drsigncd to convcrt prak a r e a  and 
channel numbers to microcuries and cncrgia 
when the  counting eficicncy and the linear 
corrcction for d i u m  icdide are includcd u 
input to h e  computer. 

Aftcr four &Kcrent nuclido had bwn S U C C ~ U -  

fully locdizcd in a phantom, the ncxt trial w l ~  
10 tmce wo diffcrcnt nuclida through the M y  

FIO. 4.4. Fin1 &metric plot from rhc &lid 
ltlLl Of t h e  "b1"G upmm CLY. 

Q Z Q  u - I  

~ i i d  D,',:.E C .  OLSON 

of a llurnan subject. This individual i n g a t 4  
t\ \w c\ircrcnt insolu1)Ic ~ P S U I ~ J .  OW ~ T J U ~ C  
c o n l a i d  1.5 pCi or '"Co, arid thc O t l ~  
1.5 poi of 1 " ~ s .  Scaris were made at difkrent 
timer over a 30.hr period whilc the s o m a  
moved through the GI tract. Figures 4A-D are  
typical of the many different Computer- 
produced plots for these scam with each plot 
showing difTercnt positioning of the "Co and 
Cs"' along the GI tract. A 341. h'aT(TI) 
crptal  with a 3-in. collimator was wcd as the 
dctector. Eight spcctra were accumulated 
whilc this collimatcd detector moved from a 
position over the mouth to a position 26in.  
down thc longitudinal axis or the body as it 
rotated 8 times around the body. Figure 4A 
s h o w  two different isometric plou from t h e ,  
same data with the view angle ditTercring by 180'. 
The '"Co with iu 1.17- and 1.33-1IeV pealo had 
been ingested about I .5 hr prior to the s a n  and 
the "'Cs lourcc was held in the mouth while 
thc counting data were accumulated. The  
resulb show thc 0.66-MeV peak Cor lrrCs at 
the zero or starling p i t i o n  of the uan which 
w a  over the mouth. The centroid of the 1.17- 
and 1.33-SkI' p c a h  of "Co are approximately 
16 in. down the M y  from this reference point. 

Fir.. 4B. Second Lomrtrir plot from the helical 
~ ~ l l  d the wG*-LnG a p a u r c  uy. 
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FIG. ID. Hcliul  running raulu for the w ~ " ' u  e x p u u t r  c-- --..- 
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