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Radiation Dose Estimation in Criticality Accident

3. A Rapid Estimation of Fast-neutron Dose by Human Hair and Nail

Takashi Maruyama and Shoichi Kawamura

Physics Division, National Institute of Radiological Sciences
(Chief, Dr. Tadshi Hashizume)

In the case of accidental neutron releases, a rapid fast-neutron dose estimation is required for an

appropriate medical treatment to the victims. By modifying the Peterson’s raethod, a procedure is pro-

posed to measure rapidly the induced 2P activity arising from the 33S(n, p) #P reaction in human hair
or nail. The sulfur and phosphor contents of hair or nail of the Japanese were 43.7 4- 4.6 mg/g and

0.171 4 0.024 mg/g respectively. The activity in these samples can be measured by a coincidence type

low background g ray spectrometer after incinerating without any chemical procedure. The procedure

is very rapid comparing with the Peterson’s method and only 3 hours are required to estimate 20 rads

of neutrons with energies in excess of 2.5 MeV using 0.1 g of hair or nail.
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Fig. 1. Schematic diagram of chemical separation.

Hair 1z

conc. HNOg 15 ml

30 § Hy0z2 15ml

digest for 30 min.

heat for 2 hr.

carrier POy 2 mg

5.5% ammonium molybdate @5 ml
6N 03 25 ml

heat to 80°C for 5 min.

filter

) 1
precipitate filtrate

radioactivity measurement
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Table 1. Sulfur content of human hair

. Chemical Activation analysis
— analysis precipitation | incineration
1 47. 1mg 45.5mg 46.9mg
2 43.1 39.6 42.9
3 48.8 45.0 49.3
4 e 43.7 43.1
5 46.2 43.2 40.3
6 e 49.1 50.3
7 45.4 45.2
8 40.9 41.3 39.3
9 42.5 44.3 43.9
10 43.1 42.1 42.4
11 40.9 41.1 40.3
12 41.1 39.7 43.5
13 45.0 43.4
average 43.8 43.5 43.9
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Table 2. Sulfur and phosphor content of
human hair, nails and ink.

Number
Sample of Sgg::;‘ Phosphor
samples e : content
Hair 68  |43.6+44.6mg/g| , 1?1-|-Em§£4g
Nail 20 42.0+4 4.9 .
Ink 4 4.0+ 0.5 -

(* Number of samples; 9)
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Fig. 2. Typical B-rays spectrum obtained from
irradiated human hair.
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Table 4. *P specific activity obtained from
same hair samples.

Method
Sample r—— —
:::if,ﬂfn 11-23223 | Direction
1 9. 94dpm/g 10.3dpm| 9. 8ddpm/g
2 8.53 8.06 8.28
3 5.15 5.03 5.30
4 6.92 6. 95 7.93
5 8.05 8.43 8.16

Table 3. Dose distribution on man phantom calculated from *P activity of irradiated human hair.

.. Fast neutron dose
Sample Position on man IP.er cent of
phantom Hair Threshold detector estimated dose
1 Pubis (anterior) 11.4 rads 11.6 rads 93.3%
2 Pubis (posterior) 0.61 0.72 83.0
3 Pubis (lateral) 8.32 8.53 97.5
4 Pubis (lateral) 7.96 7.08 112
5 Chest (anterior) . 9.24 9.36 98.7
6 Chest (posterior) 0.62 0.53 117
7 Chest (lateral) 8.40 8.63 97.3
8 Chest (lateral) 8.90 8.53 104
9 Head (anterior) 9.28 9.63 96.4
10 Head (posterior) 5.90 6.10 96.7
11 Head (center) 5. 96 6. 22 95.8
12 Head (lateral) 6. 56 6.89 95.2
13 Head (lateral) 7.78 7.19 108,
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Table 5. Comparison of total neutron dose
estimation based on hair, nails
and ink activation meansurements

with a neutron chamber.

Total neutron dose (rad)

Sample Physical

dosimetry
13.7 rads

Hair
11.4rads

Nail Ink
—rads

—-rads|
39.1 | 28.5 | 33.4 36.5
62.3 | 5.6 | 63.5 56.4
125 | 130 145 110
238 244 236 206

T | W |
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Table 6. Minimum detectable neutron dose

Background éﬁfgggﬁfg Minimum detectable dose
Detector Efficiency | mean+s.d. (o) counting rate, Hair Nail ok
(epm) (dpm) d® | aome | g
G.M. counter 15.49 | 14.241.18 23.0 15.4 rads 160 rads 170 rads
2z gas flow counter 30 2.384 0.322 3.22 2.2 22 23
Coincidence type lwo
background @-ray 11 0.204+ 0.064 1.75 452 12 13
spectrometer
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