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Radiation, dose Estimation in Criticality Accident
1. Calibration of the NIRS Human Counter with Sodium-24 Solution in Human Body

by

Takashi Maruyama and Takeshi A. linuma

Physics Division, National Institute of Radiological Science

When accidents involving serious exposure to neutrons have occurréd in a place without an
adequate physical dosimetry system, the neutron-induced body activity has been used as an indication that - -

a significant neutron exposure occurred and as a rough measure of the actual neutron dose received. If fast
neutrons were incident upon a human body, some of the sodiurn-23 which it contains becomes activated.
to produce sodium-24. This isotope decays with a half-life of 15 hours emitting 1.37 MeV and 2.75
MeV gamma rays. As the whole body sodium activity gives a measure of the total incident neutron flux,
which combined with a knowledge of the neutron spectrum enables the cose to be calculated, the observ-
ation of the sodium activation is the most important measurement for the derivation of wihe received
dose.

The sodium activity may be measured by whole body monitoring, with é human counter. In this
paper, the measurement of the whole body sodium-24 activity in the NIRS whole body monitor has been
discussed, which may be carried out in the event of the accidental neutron exposure such as in a criticality
accident.

To evaluate a calibration factor for the measurement of sodium-24 activity and the distribution of
sodium-24 in the human body, the sodium chloride solution containing sodium-24 was orally administered
into three adult men. - Using a hollow phantom, roughly body shaped and filled with. the physiological
saline solution containing sodidum-24 activity, the calibration factor of : phantom was compared with the
human case. The interference of chlorine-38, which is produced by neutron irradiation of the chlorine-
37 in the body, was also discussed.

The results of the experiment led to the conclusion that within about 30 minutes after irradiation of
any part of the human body by neutrons, most of the resultant sodium-24 activity would have spread
throughouf the whole body. The calibration factors for both the human and the phantom. case agreed
Within 410 percent. From these results, it was suggested that a reasonable representation of the

human case could be achieved by using the phantom.
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Fig. 2. Block diagram of the electronic

equipment
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"able 1. External Dimensions and Internal Volumes of Man-Phantom

Phantom | Cylinder | Nominal Cylinder Nominal Cylinder | Measured H]_té]‘;i%_l__
__ Sectinn | Shape ‘ Length (cm) Cross Section (cm) Volume (ml)
Head | Circular 20 18 dia. i - 4500
Neck Circular 7 12 dia. 730
Thorax Elliptical 20 32.5X20 8300
Abdomen Elliptical 20 29.0X18 | 6350
Lnmber Elliptical 23 32.5X20 { 9500
‘Thighs Circular 30 max. 15dia. min. 10dia. 3000x 2
Lower Legs | Circular 35 max. 10dia. min. 6.5dia. 1460% 2
Feet Box 7 7TX7X10 500X 2
i Arms Circular 68 max. 8dia. min. 5 dia. 1850% 2

Nominal phantom length----.-162.0 em Total measured internal volume------43000 ml

Table 2. Discription of the subjects and the adminstered doss

Subject ‘ Age ‘ Height (cm) Weight (kg).__in_b_};;;_(;)_ .. -Aa"’_?i-'iis(‘j_gg dose -
T | 4 160.8 57.3 | 18.0%26 mi_"__mé‘ “
s | = 164.0 62.5 i 18.5x28 | 6.28
b4 27 173.0 | 69.8 ‘ 18.0x26 | 6.17
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Fig. 3. Profile of scanning curve at time after
oral administration. Total area under each
scanning curve is normalized to unit count.
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Fig. 4. Sodium-24 spectra for solutions in roar-~
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Table 3. Counting rates produced in selected energy bands by 1 uCi of sodium-24

153

Band A Band B Band C Band D Band 1 Band F

Subject 1.20—1.53 1.53—2.53 2.53—3.00 3.00—3.30 2.14—3.30 0.16—3.30
MeV MeV MeV MeV MeV MeV
T 8980 7060 5359 627 9074 48190
S 9020 7058 5628 673 8379 49380
Y 8605 6854 5165 665 9022 47830
Phantom 10580 7691 5795 1167 10420 64680

All counting rates are in counts per minute above backgroud. No chlorine-38 activity present.
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Fig. 5. Background spectra of subjects.
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Table 4. Background counting rates for man-phantom and human bodies

[_ Subject Band A ‘ Band B | Band C | Band D | Band E | Band F
T 137.4 i 96.5 19.5 9.4 67.7 1660
S 144.6 ‘ 98.5 20.5 9.3 47.8 1830
Y 143.3 | 81.5 20.0 8.4 45.9 3410
Phantom 45.6 \ 63.6 18.0 8.2 45.0 571
All counting rates in counts per minute,

Fig. 6. Typical spectra for mixture of sodium-24
and chlorine-38 with 4’' detector. Curves show
the spectrum at various time after one hour
period of neutron irradiation.

(1) 20 min. (2) 1 hour (3) 3 hours
(4) 17 hours.
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Fig. 8. Typical spectra for sodium-24 and chlo-
rine-38. Cs shows total counts in B-band of
chlorine-38 and Ns shows total counts in E
band of sodium-24.
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Table 5. Calibration factor (nCi/cpm)
obtained from band E.

Sub ject Calibration Factor
T 0.110
S 0.109
Y 0.105
Phantom 0.096
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. Fig. 9. Calibration curve p indicates the density
of the human body.
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