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rlaslrucr. The itr r icn coun:ing system described accurately measures the absolute 
level of total body "Fe. rez.rrdle~~ of body size or isotope distribution. These result8 
are accoinplkhed by: I I ciiiiir:iriz only tho Coinpwn scattor radiation omitted from 
the body rather than the filii ener;? uriwotrcred photons: (2) employing an optimum 
arrangement of inuliipi+ S.11 cr? S:AI  detectors; nnd ( 3 )  surrounding the nubject with 
riuue equivnlent plastic pe:k:s. This countiiig system providos an accurnte and 
e lc ient  means for studying iron absorption or loss in man, 

1. Introduction 
During the past two decndcs? j9Fe has been used extensively to  measure body 

iron exchange in man. Its iisc requires R method that \rill accuri\teIy reflect 
the total body isotope contcnt rcgi\rdless of its distributioli within the body. 
Whole-body counters cnii proriclc such a mcthod prorided the isotope rcnches 
a constant distribution withio the body nnd body size can be standardized or 
allowance mndc for differenccs. 'OK, I 3 T s  and 29ia are good exaniples of 
isotopes t.hat ciln be mensured r ~ l i i ~ b l ~  by inost whole-body counters, regilrdless 
of the type of gcometry or radintioii detector used, because of their uniform 
body distribution. Other isotopes, sucli as  59Fe atid 'SZn, do not reach a 
fised distribut.ion until one to  screral weeks nfter their adniinistration. Thus, 
changes in counting efficiency niay liilve .'occurred due t.0 changes in sclf- 
absorption of y-ritys within the body. \\'ariwr nnd Oliver (1Otici) Iittvc Jescribcd 
a whole-body counting mcthotl for 5Te in. which errors duo to  crbsorption of 
y-ruys within tlic body were miniinizcd by using two opposing colliinntcd 
dctector~ and eniployiag tlic coinbiiicd count of thc Comptoii scatter imd 
photopenk rcgioii. -4pprcciabIc cl\i\llgcs in dctcctor responscs still occtirrcd, 
however, when coinp;iring i~ loculizctl with a distributed sourcc of radio-activity. 
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68,348 

+1*6% 
-1.6% 

Our objective has been to  d p d o p  o. whole-body countcr dcsigncd specif 
for iron absorption mcrrsurcments, using thc principles of tho Wmncr-C 
counter but attempting to  overcome the rcsidual geometrical and sclf-absor, 
errors. 

- 

39,398 

+43% 
-22% 

67,662 30,919 
68,170 31,943 

60,231 38,207 
69,453 44,572 
67,216 66,508 . 

65,357 34,343 

Centre of plinntom 
Distance from centre: 3.5 cm 

6.1 cm 
7.6 cm 

10.2 cm 
. 12.7 cm 

Average 

Range 

1 I 1 

Since the body is more nearly elliptical in shape, an elEpsoiclnl wntcr phz 
was constructed from styrofonm plastic to proviclc phantom ynlls of lorn 
The rater-filled pliantom hac\ n minor asis of 21.9 cm, D major nsis  of 3: 

. . and was 30.3 cm high. Four 15.2 cin diamctcr by 10.2 cm thick K 
detcctors werc placed around tlrc phnntonr ns shown in fig. 1; thcir opt 
position was cnrpirically dctertllild such tlrilt o point sourcc of V?C 1 
anywhere in the plinntom on o. plane pardlcl to the ccntrc of all four dct 
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. Fig. 1. Water phantom used to determine optimum crystal position. 
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Fig. 2. "Fe ~~l~olc- loc ly  coiuitrr dononstrating tlic iisc of Dclrin plastic placed 
aroiiiid tlic subjcct to obtain uiiiform tliickncss. 
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gave the snme count rate in the Cornpton scntter region. The optimitm 
arrangement of tlic detectors for 5’Fc y-rays is 43.2 cm bctwcctl the faces of tlw 
two vertical sets of opposing detectors, and 38.1 crn bctwecn the sidcs of tho 
detectors in thc two horizontal sets. 

3. Wholebody counter 
The detectors in the nrrnngcnlent described above were plnced in a shndow 

shield type (Palmer and Roesch 1DGS) wholc-body countcr shown in fig. 2. 
Diagrammatic scale drawings of the detector and shiclding configurations arc 
shown in fig. 3. This counter was dcsipccl to  muiimizc the required lciid 
brick shielding. The subject is transportccl in n mobile carrier through and 
beyond the major viewing area of the detectors. 

Fig. 3 (a). 
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1Oca . 
Sale  drawing of detectors inside lead shielding (cnd view). 
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Fig. 3 (a). Scale drawing of D cross section of 5sFo countcr (side victv). 
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Thc ccntre section of 10-2 cm thick 
lead is 99.1 cni high, 404 cin niclc and 9 1 4  ciii long. The 3-1 cm thick shadow 
shielding cstcnds out Gl-0 cm from each side of the ccntre scction and is 
constructed so that  background y-rays from the surrouading room caiinot 
directly enter any of thc dctcctors without going through a t  least 7.6 crn of 
lead. The opciiing through the Icad bricks for thc paticiit and cilrricr to pass 
through the counter is ceiitrcd between thc four detcctors and is 50.8 cm widc 
and 30.5 cm high. The total lcngth of the counter is 4.72 metres. The carrier 
is driven by n stepping motor and chain drive that is controllcd by rr constant 
speed pulscr. IYhen a multi-channel analyser is used, the spced can be 
controlled by pulses from the live time scnlcr of the anillyser, so that  errors 
caused by the dead time of the analyser arc eliminated (Sheen, Palmer and 
Stringer 1967). Thc patient carricr is made of 0.31 cm thick aluminiuni, and 
the inside diriiensions arc 20-3 cm deep, JG.4 cm wide and 2.13 metres long. 
The radius of curvature of bottom corners of.the carrier is 7.6 cm. The cost 
of the counter as shown in fig. 2 without the four detectors and counting 
instruments \vas about S3,000, and the cost of the detectors was npprosimately 
$10,000. ' 

' The rather sniall tunnel through which the patient travels during a traverse 
count has not preseiitcd any problems. Howcver, the patients would fcel less 
confined during thc counting proccdure if thc tunnel dimensions wcre enlargcd 
with the addition of more lead bricks to  provide a proportional increase in 
shadow shielding. 

The shiclduig weighs about 5 tons. 

4. Characteristics of thc counter 
The bcst results with patients would be espected if they were all of the 

same size and had the s m c  gencml body contour. Tlic same effect can be 
accomplished by liiyering small pcllets of a henry plastic callcd Delrin over the 
person until level with the top of the aluminium carrier. The small Dclrin 
plastic has n density of 1.4 but the bulk density of the s t ~ a l l  0.31 cm pellets 
is about the same as the hurnnii body. Dclrin is a polymcr of the molecule- 
OCH,-and consists of 53% osygen, JOY0 carbon, and 7% hydrogen. A 
point source of 59Fe placed within a Dclrin phantom provides a useful mcnns 
of assessing the clistribL1tionid effects of 69Fe acth-ity 'as they might occur 
in tivo. The Delrin can be easily poured in around thc subject, and nftcr 
counting it cnii be remored rapidly with a vacuum hose connected to a 40-gallon 
tank in which the Dclriii is stored. 

When a sourcc of 5Te wns placed nnywiirre in the Delrin-filled carrier, the 
accuniulntcd count rate during n IO-minutc,trclttcrsc of tho carrier was within 
54% for d l  positions in EC Dclriii tliickncss of 214 cm. This wns similar to 
the results obtaiiied earlier in thc wntcr phantom, even though the shnpc and 
width of the ciirricr werc sli$itly diffcrent. Fig. 4 sliows t.hc rcli\ti\*c count 
rate ofthc Conipton scattcr cvcnts ns a point soitrcc is placed in rnrious positiolis 
in a vertical cross section of Dclriii pcllcts. This rclativcly. constant counting 
ratc occurs over thc entire Icngtli of the Dclriu-fillcd carrier, esccpt a t  10 cm 
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Fig. 4. Relative count rates obtained with diffcrcnt locations of a point source of 
PFe in a vertical cross section of Delrin plastic pclleta. 

from each end There i t  begins to drop. 10 cm or more of Delrin on cach end 
of the subject eliniiilntes the end effect that would occur if 5gFe in thetop of 
the head or bottom of the feet did not have scattering material completely 
surrounding them. 

Fig. 5 compares the y-ray spectra of two.measurements of a point sourc8 
of 5gFe placed a t  two extreme positions in Delrin. Curve A was obtained when 
the source was placed on top and near the side of the Uelnn pnnntom, ana 
curve B when it was in the centre. X large reduction in photopeak counts 
was obtained as the source was mored into the centre because of increased 
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iadioactivity . 
Fig. 6 shows a spectrum from a 10-minute count of 1 pCi of V e  in a human 

subject packed in Delrin after the background of the counter and the subject 
have been subtracted. The Comptoll scatter region of e n e r a  used in all 
studies includes all events betveen 90 and DGO kev and is shorn  by the shaded 
region of the spectrum. The lO-minute net count rate in the Compton scnttcr 
region was 144,000 with a background of 30,600, whereas the photopeak 
measurements gave values of 43,000 and 4,200 respectively. The standard 

a 

I I 

L 

X 3 

0 u 

P- 
a 20 40  60 I O  100 120 140 

CHANNCL NUMlfR 

Fig. 6. Gemma-ray spectrum of a whole-body count in 8 subject conbidng 1 pci 
of SgFe. 

deviation of the net count, coilsidering only counting statistics, is +0*31% 
. and +_ 0.53% for the Cotlipton scattcr counts and photopeak counts respectively. 

Thereforc, the USC of Cotlipton scattcr allo\rs both grcnter absolute accWacY 
and Precision for dcterminiug tlic total body contclit of 59Fc. The background 
for Coliipton scilttcr count of i\ subjcct ncldcd from 1,800 to 2,090 counts t o  the 
counter Compton scttter baclqround depcnding upon the body size. The 
coiintcr bi\ckgroud remninccI quite constant from day to  day within three- 
week period. Background counts measured during a lominute  traverse on 
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40 occasions over a one-month interval gavc o. standard' deviation 2.2 times 
the value for a singlc background count as dctcrmhcd by the Poisson distribu- 
tion for radioactive decay, indicatitis cscellent day-to-day stability of counter 
background. To obtain count rates with Iow statistical error, a niinizuum 
bDFe whole-body activity of 0.20 ptci is required which gives a net whole-body 
count rate eqiial to the counter background and a standard deviation of & 1% 
for a standard 1O-minute traverse, 

5. Discussion 
Several investigators have obtained improved whole-body counting results 

with different isotopes using thc combined counts of the photopcal; and scatter 
region or just the scatter region (Gibbs, H o d p  and Lushlaugh IOGG; Warner 
and Oliyer 10G6; Geniia 19G6; Diidley and ben Haim 193s; and Saversten, 
LidCn, Stahlberg and Sorden 10G9), and it  Iins been suggested (Dudley and 
ben Haim 19GS) that the majority of y-rays emitted in the body with energies 
exceeding 1.0 3lcv ultimately emerge from the surface although their energy 
mar be reduced and their nngiilur distribution altered by Compton collisions. 
Although this suggests that both photopeak and Compton' ercnts shou!d Le 
used, much more constant count rates can be obtained when only Compton 
scatter counts are used. Measurements on phantoms reported here indicate 
that the total body content of SgFe can be determined in any size person 
within n masinlum error of *!?YO when using the Compton scatter energy 
band. The application of this technique to y-ra>-s of other energies has not 
been inyestigatcd. The data slionn in table 1 indicate that  the method will 
work nith y-ray energies as low as 0.68 Me\*, but a slightly different detector 
arrangement may be required. 

The counter employed here is simple to use and requires rather unsophisti- 
cated instrumentation because of the broad band of photon energies uscd. 
We uscd a multi-channel a n d p e r ,  but a single-channel analgser and scaler 
will adequately perform the counting. All whole-body counts can bc compared 
dircctly with that of a standard with identical counting efficiency when placed 
in a Delrin phantom. Slight instrumental changes affcct standard and subject 

. comparably, so that the relationship between the two remains unchanged. 
Counter materials are relatively inespiisive and easily assembled. Like other 
types of shadow shield counters i t  can be disassembled and built up in a different 
location or can be mounted in a truck to service several locations. 

' 

. REsuxB 
Compteur pour le corps rnticr, employ6 pour la nicsure de prkirion du radio-fer in witv 
Lo iyrtbrno pour le comptop in  ci iq dkrit dniis cc mbmoire, mmro  avcc pmkirion lo 

nivcnu abriolu do "Fc contcnu dons lo corps eliticr. incli.pcndommcnt do le grandcur du corps 
ou do In distribution dc I'iuotopo. Cos K-sultats sont nccomplir en: 1' cornptont rulrinciit lo 
rodintion cliffiish clo Compton, Cmisc du corpa plirtjt que Ica photoiir non-&flu& avcc i.iicrgio 
oornplbti: 2" ctnplaynnt un nrrcrnpmcnt optimum drs il6tcctcum multiplco au crista1 110 SaI: 
at 3" cntournnt lo siijct tlc pnstillm cn matitre plnhtiquc Cquivalcntc nu tirsu. Co rydCiiic cle 
coinptngc fournit UII rnoyen p&ir et effcctif pour I'Cturlo do l'absorption o t  do lo pcrto de fer dnrir 
I'orgartismo hurnnin. 
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ZUSAJISIESFASSUNQ 
Ein GnnxkBrpcniihlor rir griiouo .\Icssunpn voii Raclio-Ei.wn in  r<ro 

bu bcwhrickiie Syrtcm fur Ziililung i r r  r i t w  misst gcirau tlaa absolute S k e w  des bcsnmt- 
k5rper-"Fc., unnbllirilgig von tlrr IGirpcrpOs~e otlcr der Iaotopriiwrtcilung. Dicse Ergcbnisse 
wordon sustanilc Frbrncht, indcm nlnil: (1) nur clio vom fiorlxr cru~g~strelrltc Compton- 
Gtrcustrnh~ung r;illlt, vicllnrhr nls die mgcstrcutelr Plwtoncn mil voller E~icrgic; (2) &e optimale 
Anordnting dcr viclfnclion SnI-I~istnll~lctrktorrn nriwcntlet; und (3) dcn Suljjckt niit den 
gewebciiquivalciitrn liunststo~pnstillcli umringt. Dicses Ziiillsystem Ireu?fmfTt ein gcnaucs und 
eCTektivm Mittel zum Studium der Eisciinbaorption und -\'crlust im Jleuschenkorper. 

PC3IQMC 
C u m  m~ ~ 3 . n c p c ~ 1 1 ~  a M H B l i o m i  Bcero T a a ,  nplrNe~cAlblir aw 'K)Y)IOK) trmcpcmn 

Omlaman circre.va 2.m cwra in vivo I~JJICPFICT +WHO o6coruOrtibrfi YpOBCHb nomom 

/ 

paLplO3h?rlDllOrO . A ; W C 3 a  in  Uit.0 
' 

CO&Cpmltlllff "FC B TCAC, i i C J ~ R l t C I I \ \ O  OT B C 3 l l r l l l H b l  TC3a 11311 paCfTpC%TClUlR 1130TOROB. 3 T l I  
pC3YJlbTaTt.l 20CTIII'PH)TCR : (1) CVCTON OZHOTO T 0 . l b K O  paCCCRW0~ H O . ~ l ~ O H O B C h ' O ~ O  IfJ .~YCHlln ,  
p y l y V a C . \ l O n I  TC?O.\1, l l P C Z l O ~ T I 1 T C . l b H O  C ' 4 ( C v  HCF!aCCCfilWblS @OTOIiOB C nO.lHOii 3HCprIlCfi; 

NIX; (3) OKp}7f<CHlle.\l C ? h C # T a  TliaHC3liB1IBhlCi~'IHbl~l l l  ~ a C T > l l a C C O B b l ~ l l l  ~ 3 ~ l l K ~ . W l .  3Ta 

RIM IlOTCpll H ( U l C 3 a  W Z l O D C K O K  

(2) nptivciiciiiicx onni.mibHoro pacno.loxeiiiln Goabmoro yllc7a ~ ~ C T C K I O ~ O B  c K p r i c r a m a > u i  

a icxxa meTa ~ ~ C Z I O C T ~ D X ~ C T  TOVHOC I I  ~ @ @ C K T I I B H O C  cpeacroo izm s t c c n e a o B a H I i n  nomowww 
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