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A whole-body counter has been commissioned at INMAS for radiation protection and clinical applications 
including bt dy potassium estimations. It uses 4-crystal stretcher bed geometry inside a shielded enolosure. 
The background index of the system (counts) per minute per cc of detector volume in the energy band 
0.1-2 meV) isabout 0.6, comparing favourably with other whole-body monitors in the world. The sensitivity 
is 0 . 6  opm per gram of K. Body potassium oan be estimated correct to 10 g for one hour counting. The 
variation in detector response to a point source on the mid line of the bed is & 10% of the mean over a length 
of 170 om. The usefulness of the large dimensions of the enclosure chosen is discussed. 

In view of the utility of whole-body counting as a sensitive and versatile tool in the fields of radiation 
protection and nuclear medicine, it was decided to install a whole-body counter a t  the Institute of Nuclear 
Medicine and Allied Sciences (INikfAS) at Delhi. 

Since INMAS uses a total of around 3 curies per year of a variety of unsealed radiation sources for 
diagnosis, therapy and research, the hazards of internal contamination of workers is ever present and the 
whole-body counter is accepted to be the niost suitable monitoring device for internal contamination. 
Secondly, the whole body counter has defence applications for monitoring of the persowel who mighl, be 
subjected to internal radioactive contamination in the event of fallout from a nuclear weapon burst. Thir lly, 
the potentialities of whole-body counting in clinical diagnosis and biomedical research have been increasirigly 
realised over the last decade. In fact around 70% of the existing whole-body counters of the world are uiiing 
them wholly or partly for clinical work with administered radiotracerd. In view of its high sensitivity, very 
low levels of tracers are required for carrying out the studies; the radiation dose to the patient is signifi~~tnt- 
ly lower and long-term studies can be carried out; further, exoreta collection and assay can often be dis- 
pensed with. 

F A C T O R S  I N F L U E N C I N G  D E S I G N  O F  S Y S T E M  
I 

Several choices are available for the design of the total system consisting of the detectors, e l e ~ t ~ ~ ~ i ~  
accessories, shielding and geometry of counting. If only diagnostic work with administered radiotrace~s in 
the microcurie range were the aim, a very high degree of sensitivity or background reduction would not be ' 
necessary and minimal shielding would suffice. A multi-channel analyser may not be required since only me 

isotope will be administered in the majority of cases; for the same reason plastic scintillator ccmld 
be used in place of costlier Na1 detector. The main objective here is to have a detector response fairly iltde- 
pendent of source position in the body, since there is substantial redistribution of many tracers within the 
first few hours after administration. A shadow shield counter or a multiarystal stretcher bed geomtjt~ 
with a shielding of around 5 cm steel would be adequate for this requirements. The MarineUi chair gw- 
rnetry3 has limited utility for clinical work as the response in this geometry is rather dependent on source 
position. If monitoring for accidental contamination (either from occupational exposure or from faUOut) 
is the objective, the requirement becomes the identification of the unknown contaminant and its quanti- 
tative assay at levels of the order of tenths of microcuries or less, which will be far below those encountered 
in diagnostic work. This would necessitate massive shielding and NaI detector with multi-channel analyser. 
The type of geometry would not be critical. If only body potassium estim&es were to be made (based on . 
measurement of about 0.1 pCi 4OK in the adult) sensitive detectors and massive shielding would be re- 
quired but the detector cou1.d be a plastic sobtillator and a single channel analyser in the absence of any other 
nuclide in the bodys. Table 1 summarises the design and functional characteristics for some wholsbody 
oounters of other countries, For comparison, characteristics of the I N U S  whole-body counter are also given, 
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CHARAG~~BTIOS OF SOME WROLE-BODY (IOUNTERB 

Country Shield thiokness Shield Yhb~k~r~ Background Sensitivity 
(om) dimensions --- . . indexlorn3 for 40K cpm/ 

and material (m) number volume (cms) gK 

USA 20 Fe 1 . 8 5 ~ 1 . 5 5 ~ 2 . 5 6  1 6830 0.123 - 
UK 12 Fe 3 - 0 5 ~ 1 . 4 1 ~ 1 . 9 6  4 7070 0: 146 - 

(underground) 

USA 20 Pe 2 ~ 4 0 x 2 ~ 1 0 ~ 1 ~ 8 0  4 6440 0.233 - 
(underground) 

Netherlands 10 Pb 2 . 3 7 ~ 1 . 8 3 ~ 1 . 9 4  4 6480 0.267 0.440 
(underground) (open booth) 

Fed. Rep. 15 Fe 1 . 3 7 ~ 0 . 6 2 ~ 1 . 4 0  4 4160 0.298 0.667 
Germany (underground) 

Fed. Rep. 10 Pb 2 ~ 3 0 ~ 1 ~ 5 0 x 2 ~ 0 0  4 5160 .0.373 1.039 
Germany (underground) 

USSR 15 Fe 2 . 1 4 ~  1 . 5 3 ~  1.83 4 . 4520 0.050 0.731 

France 5 Pb 3 . 2 3 ~  1.861~ 1.72 1 3300 0.773 0.829 
(nnderground) 

UK 10 Pb Shadow ahield 1 345 , 1.035 0-031 

Poland 15 Fe 1 . 9 0 ~  1 . 1 0 ~ 1 . 2 0  1 1410 '1.106 , 0.330 
(underground) 

USSR 15 Fe 1.30  diameter^ 1.90 8 2020 1.270 0.536 

Poland 75 Pb 1 . 9 0 ~  0 . 7 0 ~  0.95 1 630 3.856 0.233 

UK Chalk 2. lox 1 . 5 0 ~  1.80 3 660 3.900 0.140 
(u Iderground) 

INMAS 20 Fe 3 . 6 ~ 3 . 6 ~  2.4 4 4680 0.60 0.50 
India 

D E S I G N  D E T A I L S  O F  I N M A S  S Y S T E M  

Since it was desired to have a single system which combined all t y p ~  of  use^ (including body potassium 
. estjmatioa), the design had to be versatile with sufficient scope for further development. It was felt that the 

. multicry&al bed geometry (with NaI detectors and multi-channel analyser) in a well-shielded enclosure 
would be a good choice for the system. After having made this basic decision, Services of military engineers 
were obtained for designing pf the whole-body counter building and the shielded emlosure inside it. Dis- 
cussions with the scientists of the whole-body counter at BARC were also beneficial in the finalisation 
of the building plan. - 
Detector System 

For multicrptal systems a crystal size of 12 5 cm X 10 cm is generally accepted to be the optimum and' 
four crystale are the usual choice4. The four detectors used in our system are NaI crystals (12.5 om dia x 
10 cm thick) with quartz window for the PM (photomultiplier) tubes and stainless steel canning; the 
sointibetion probe has a low intrinsic background activity. The crystals were procured from Nuclear Enter- 
prises, UK. The detectors are fed by a single stabilized supply through a photomultiplier bala.ncing 
unit (NG 6101A) which enables the gain of the four photomultiplier tubes to be varied separately. The 
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signals from the four detectors are summed to give a common signal output, which after passing through 
a non-overload amplifier 4s passed on to  a 400-ohannel analyser. This analyser was procured from El%- 
tronics Corporation of India and the readout system is a Hindustan Teleprinter Unit. 

Shielding Material 

In view of its indigenous availability, steel was decided upon as the material for the shielded enclosure. 
It has been established that substantial reduction in background is achieved upto thicknesses of 15 cm 
shielding and beyond 20 cm further reduction in background is marginal. We, therefore, decided on a thick- 
ness of 20 om. Care has to be exercised in the choice of steel as it may be contaminated either with fallout 
materials or with radiotracers like 60Co deliberately added during the process of manufacture. 4 mm 
thick steel plates manufactured at the Rourkela Steel Plant in 1962 were available in the requisite 
qumtity from the military engineers in Delhi. Monitoring of the steel plates showed that the intrinsic 
radioactivity levels were acceptably low but there were indications of some slight surface contamination, 
The surfaces were cleaned by a suitable method (sand-blasting or metal brushing followed by washing in 
detergent solution) and the activity levels after cleaning were checked t o  be acceptable. All plates used for 
the construction were similarly cleaned and samples tested at  the time of construction. A thin lining of 
stainless steel on the inner side of the enclosure was considered desirable; the stainless steel samples w&re 
also checked to be free from radioactivity. 

Shielded Room 

The size of the shielded room was chosen to be reasonably large (3.6 m x 3 .6  mX 2.4 m) for the following 
reasons : (i) there would be suacient space to install an improved counting geometry viz, scanning bed 
geometry, which is increasingly coming into vogue, as weU as facilities for low level sample counting work 
(ii) considering that patients were to be studied, the subject has less chance of a claustrophobic feeling in a 

Fig. 1-Plan of whole-body counter building-INMAS. 
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larger sized room. The &losure is provided with 
a manually operated hinged door with the same 
20 cm thick steel shielding. The location of the 
detector relative to the door is such that for 
clinical applications with radiotracers the cloor 
could be kept half open without significant in- 
crease in background, to give the subjects a grmter 
sense of freedom. A 15 om X 15 cmpeepholefitted 
with a 10 om thick lead glass window is provided 
for viewing the subject from outside. It is -3r0- 
posed to provide two-way telephonic inteijom 
and soft music facilities inside the enclosure. 

Fig. 2- Subject-deteotor geometry. 

O V E R A L L  B U I L D I N G  D E S I G N  

Pig. 1 gives the plan of the main building with its parts. The building is in 2 pr t s .  Reception, change 
room, wash room and phantom room comprise the first part. The other part, which is air conditioned 
consists of the shielded enclosure and the instrumentation room. The air of this part is filtered throu6;h a 
coarse filter and is changed once in half an hour. The temperature is kept a t  23M°C and relative humitlity 
around 50%. The detectors are mounted on a readily adjustable mounting framework, permitting thenl to 
be arrmged conveniently over or under the patient's couch or clustered together to provide effectively a 
single detector over a particular body site. Fig. 2 shows the normal arrangement of detectors i.e,, two elver 

and two below the patient's bed. For coatrol of contamination hazards, the floor is lined with PVC t 
as this material was found to be superior to linoleum which had higher intrinsic radioactivity. 

SOUKCE LOCATION 

Fig. 3-Point source response in wax phantom under 4-crystal array. 
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C A L I B R A T I O N  O F  T H E  S Y S T E M  

Studies were carried out to find appropriate 
placing of the 4 detectors with respect to the 
patient's bed to achieve an optimum combination 
of high sensitivity jmd uniformity of spatial 
response. Pig. 3 give.. the point source response of 
the final arrangement of the detector as the point 
source moves on the bed along the midline over a 
length of 170 om. The response for any location 
varies within f 10% of the mean. Pig. 4 gives the 
background spectrum. The background index of 
the system (counts per minute in the energy range 
0.1-2 meV per cc of detector volume) is around 
0.6, comparing favourably with otherwhole-body 
monitors in the world. The system was cali- 

CHANNEL NUMBER brated for potassium by counting for one hour 
a polythene Bush phantom (procured from Grey 

Fig. 4-Background spectrum. and Martin, UE) filled with a known quantity 
of AR grade KCL dissolved in distilled water. 
Table 2 gives the results of calibration. 

Background of the system with water filled polythene Bush phantom in position. 160f 1 .6  cpm 
(Energy band 1.32 meV-1.80 meV) 

Polythene phantom containing 140 g of potassium 221.4&2.0 cpm 

Net count rate due to 140 g of potassium 7 1 . 4 i 2 . 5  cpm 

71.4 f3.5% 

0.61f3.6% SD-per g of K 

In  a typical case of 100 g potassium content of the body, a variation of 10 g (3  SD) of potassium can 
be measured confidently. 

The system has been in use since early 1971. Body potassium estimations in healthy adults have been 
initiated as well as clinical radiotracer work, mainly iron and Vit B,, absorption studies. The assembly is 
also being used for certain low level counting studies including estimation of natural radioactivity levels 
in common environmental samples like building materials. 
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