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The National Institute for Oncology,s old whole body counter was recon- 
structed with the following main characteristics; detector: 15 cm dia x 10 cm 
sodium iodine single crystal, standard chair geometry, in a 20 cm thick iron 
shield. The detector signals are fed to a 1024 channel analyser. Spectra can 
be stored on magnetic and/or punched tapes. Punched tape data are used for 
off-line spectrum unfolding when needed. 

On line data processing and plotting are planned by using a personal 
computer. 

The 99mTc and 131I incorporation of 16 persons working at the Isotope 
Department were monitored for a 6 month period to assess the effects of dif_ 
ferent working conditions. The doses received by assistants were found to be 
the highest but in no case exceeded the dose limit. 

Introduction 

The old whole body counter of the National Institute for Oncology was 

built in 1966 and used for routine control measurements for more than 15 

years. Reconstruction was decided on a few years ago and it seemed advantage- 

ous to realize a standard tilted chair geometry with an NaI/TI/ scintilla- 

tion detector in order to take into account the planned aims of the counter. 

The considerable increase in the use of radio-pharmaceuticals in diag- 

nostic routines and clinical therapy justifies the utilization of a whole 

body counter to estimate, with an appropriate monitoring program, the inter- 

nal burden of personnel resulting from the weekly handling of radioisotopes of 

30-40 GBq 99mTc and 20-30 GBq 1311. 

Reconstruction and calibration 

The basic structure of the old whole body counter /IAEA reference no. 

HY I.I/ was not changed during this reconstruction [I]. The floor and the 

walls of the monitoring room are of old iron /thickness of 20 cm/ lined with 

3 rmn lead of low activity and 0.8 mm electrolvtic copper to reduce the back- 

ground in the low energy region. The internal dimensions are length 180 cm, 

width 62 cm, height iOO cm. The tilted chair geometry was slightly modified 

to render it similar in parameters to those in the Central Research Institute 

for Physics /IAEA reference no. HY 2.1/. 

The old plastic detector was replaced by a low-background NaI/TI/ crys- 

tal detector 15.2 cm in diameter and 10.2 cm thickness /Nuclear Enterprises, 
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England/. The signals of the detector are processed by a 1024 channel analy- 

ser /Type EMG 1024, Hungary/. Spectra can be stored on magnetic and/or punched 

paper tapes. The punched tape is used for computer-evaluation. On-line data 

processing and plotting are planned by using a personal computer. 

The integral background counting rate in the 0.i - 2.0 MeV energy inter- 

val is 8.0 ~ 0.5 cps. 

For quantitative spectrum evaluation, calibration was performed by using 

a homogeneously filled BOMAB-type phantom /weight 70 kg/ as well asa Press- 

wood phantom with point sources [2]. The calibration data are presented in 

Table I. The calibration data have been proved by intercomparison with those 

obtained by the whole body counter HY 2.1 of the Central Research Institute 

for Physics /KFKI/, Budapest using the same measuring geometry [i]. 

Monitoring program 

The body burden of the personnel in the Oncology Institute's Isotope 

Department is due to both external and internal radiation. The latter is 

mainly from 99mTc and 131I incorporation. 

Incorporation is affected by several factors principally relating to 

local conditions /ventilation tate, face mask, training level of an assistan~ 

etc./. The assistants handling radJoiodine at therapy level are subject to 

the highest incorporation risk; somewhat lower but still significant incorpo- 

ration is expected from handling of the technetium isotope. Radioactive 

aerosols exhaled by the patients are also a source of incorporation for per- 

sonnel worklng at the scintillation cameras and at the bedside. 

In order to obtain data for internal exposure which are directly compa- 

rable with intake limits or dose equivalent limits recomrnended by the ICRP 

[3], regular monitoring is required. 

During a half year period 16 people were monitored for 131I and 99mTc 

incorporation. Distribution of the 118 measurements is the following: 5 

assistants and 4 physicians: 97 measurements; 5 nurses, 1 secretary and 1 

technician: 21 measurements. 

The half lives of the radionuclides in question determine the frequency 

of monitoring: every other day or preferably daily measurements for techne- 

tium, and one measurement per week for iodine determination. However, owing 

to admlnistrative and oroanization problems this monitoring schedule could 

not be followed. Instead selected individuals were monitored more frequently 

for a period of 3-4 weeks /in one period one or two asslstants and one physi- 

cian/. Obviously when the monitored individuals were changed, personal fac- 

tors /working style, etc./ would also change. 

Results and discussion 

Because of the high efficiency of the counter a measuring time of 200 

or 400 s was generally sufficient. In case of very low incorporation values 

the measurement time was extended to 2000 seconds. Typical spectra are pre- 

sented in Figs 1 and 2. 
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Fig. i. Spectrum of assistant "A", Fiq. 2. Spectrum of assistant "B", 
measured 9~~er two hours o~qhandling measured after three hours of hand- 
of 6 GBq ~"-I and 2.5 GBq "-mTc ling of 5 GBq 131I and 3 GBq 99mTc 

Average incorporation levels were determined by following the time varia- 

tion of the incorporation for a specific time. Typical monitoring periods 

ranged from 3 to 4 weeks, covering typically 15-20 technetium and 3-6 iodine 

exposures, respectively. Average dose equ$valent values %;ere calculated for 

one month periods, and were expressed asa percentage of the "monthly dose 

equivalent limit" /i/12-th part of the dose equivalent limit/. 

Typical results are presented in Fig. 3 and Table II. The results show 

that the internal doses received by the assistants working in the • 

laboratory are the highest, but even in these cases the values are well below 

the dose equivalent limit. 
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Fig. 3. Dose origina~ng 
from 131I when working 
in the isotope labora- 
tory /i/ or at the 
scintillation cameras 
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Table I 

Full energy peak detection efficiency and mŸ detectable activity /MDA/ 
for different isotopes 

Isotope E Energy band Full energy peak efficiency MDA ~ 
gamma 
~eVj ~eV] ~ps / kBq] ~ps / gamma-kBq] [Bq] 

99mTc 140/87.7%/ 95- 190 

203Hg 279/81.5%1 200-- 350 

5iCr 320/9.8%/ 238- 364 

131I 365/81.2%/ 290- 450 

137Cs 622/85.1%/ 530- 770 

54Mn 835/1OO%/ 700-1000 

65Zn 1115/50.7%/ 950-1300 

22Na 1275/99.9%/ 1225-1425 

6Oco 1173/100%/ 1060-1425 
1333/1OO%/ 

4OK 1460/10.7%/ 13OO-1600 

3.45 3.93 25 

3.25 3.98 30 

0.2? 2.73 340 

2.75 3.38 33 
/whole body/ 

5.11 6.3O 18 
/thyroid/ 

2.11 2.48 40 

1.93 1.93 35 

0.77 1.68 77 

1.77 1.77 25 

4.16 2.08 15 

0.183 1.70 270 

in calculation of MDA a measuring time of 2000 s was assumed 

Table II 

Dose received due to 99mTc and 131I in per cent related to the dose equiva~nt 
limit 

Working conditions Isotope Dose per cent 

assistant 

physician 

99m_ 
- working in the 13iiTc 0.5-2 % 

isotope laboratory 10 - 20 % 

99m_ 0.01-0. i % - working at the 13iiTc 
scintillation cameras 0.02-0.05 % 

99m_ 
- working in the 13iiTc O.i -0.2 % 

isotope laboratory 1 - 4 % 

- working at the 99m_ O.O1-0.O5 % 
scintillation cameras I3IITC O.O1-O.O4 % 
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