








- 10 =

142 nGy per hour, but it is obvious that both his residence and work
place have high natural dose rates. The high figure recorded was
quite conceivable considering the dose rate at the sample positions
in his work building. It was decided that this figure could not be
ruled out as anomalous, and it has been included in the statistics of

Table 7.

8. DISCUSSION

These experiments have shown that Ca S04:Dy phogphor in powder form,
evaluated by a photon counting technique, provides the bagis for a
practical natural radiation dosimetry technique. The reliability of
readings, sensitivity, and small physical size of encapsulated powder
dosemeters provide a versatility not found with other envirommental

dosimetry techniques.

The ultimate object of many natural radiation measurements is to determine
the natural radiation dose to the population, or to selected groups
within the population. Estimates of such dose have been reported(4),
baged on instantaneous dose rate measurements at a site, combined
with various weighting factors related to occupation times at that
site but few have attempted body measurements<5’6>. The gite
measurements we have done show substantial gpatial variations over
small distances, and somewhat lesser variations in outdoor dose rates
with time, caused by varyiné weather conditions. These variations,
together with the uncertainty in estimated occupation times, must
result in large uncertainties in estimated average dose rate for any
individual, (although such uncertainty may be reduced when averaging

over a population).

A technique which measures the dose to the body of individuals
directly, bypassing site measurements and estimates of occupation

factors, eliminates the guesswork of other methods. Unless individuals
are monitored for a prolonged period, (by one long monitoring period ox
by a series4of repeated measurements) then there still exists the
possibility of seasonal variations. For example, many people spend

a significantly higher proportion of their time outdoors in the summer.
If interest is confined to average population dose rates rather than to

dose rates to any individual, then it is not necessary to monitor one
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individual continuously, provided a series of surveys span a

sufficiently long period to take account of seasonal variations.

The measurements reported here demonstrate the feasibility of the
techniques used for making personal measurements. It is proposed that
a prolonged programme of such measurements be undertaken, to yield
information on natural radiation dose to New Zealand population, and
factors causing variations in this. It is proposed that Health
Department staff be asked to act as agents in recruiting volunteers,
who will then be sent information and a dogemeter bracelet by mail
from NRL. The volunteer will be asked to remove the bracelet himself
and return it by mail. This loses the physical verification that the
bracelet has not been removed ahead of the intended time, but the
pilot survey showed that persons willing to volunteer for this sort
of measurement are co-operative and responsible. The alternative of
having Health Department staff personally fit and remove bracelets
introduces logistics requirements which camnot be justified, and
substantially increases the "transit time". It is hoped that an
analysis of the questionnaire will reveal building materials,
geographical areas, occupations, or other factors contributing to
higher than average dose rates. In selected cases, these can be
investigated further with site measurements using the same
measurement method where mailing of dosemeters is necessary or
averaging over a period of time is desired. Instantaneous measurements
and surveys of spatial variation may be done with instrumental

measurements.
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Table 1 - Nett doses meagured in phantom experiment

Nett dose Dose Rate
LGy nGy/h

A, Phantom filled with KCl1 solution

(1.46% by weight) 645 hours

Control measurement 86.3 133%.9

Phantom '"Centre 88.2 136.8

Phantom "End" 89.4 138.7
B. Phantom filled with water 621 hours

Control Measurement 81.4 131.0

Phantom "Centre" T4.2 119.5

Phantom "End" 79.0 127.2
C. Nett "Internal" Dose Rate

Phantom "Centre" 17.3

Phantom '"End" 11.5

Table 2 - Measurements at a residential site

(9.6% (12.1%

moisture) | moisture)

A. Outdoors - Distance above ground level:

0.8 m 104 101
0 122 106
- underground
-0.3 m 170 153
~0.6 m 164 172
-0.9 m 168 172
nGy/h
B. Indoors - 0.8 m above ground level 97

2.4 m above ground level
(against brick chimney) 134

5.2 m above ground level
(upstairs) T7




Table 3 - Meagsurements in NRL libraxy

Distance from Concrete Wall (m) Dose rate (nGy/h)
0 105
0.1 98
0.2 98
0.3 105
0.6 86
1.19 91
2.74 83
5.44 71
6.99 64
9.63 83
11.15 83
12.65 68
Table 4 -~ Relative dose rates to different body sites
Volunteer | Wrist | Ankle | Leg Walst Shoulder | Floor
A 1.00 1.14
B 1.00 1.05
C 1.00 1.09
D 1.00 1.09 1.01 0.94 0.89
E 1.00 1.09 0.97 0.88 0.9%
F 1.00 1.05 0.98 0.94 0.90
G 1.00 1.01 1.01 0.96 0.91
Ghost 1.00 1.09 0.98 { 0.98 1.04 1.11
Table 5 -~ Relative dose rates inside a water phantom
B Relative
Dose meter doge rate
A 1.01
A B 1.05
c C 0.96
D 0.98
E 0.85
F 0.78
G 0.83
5 H 0.83
Positi I 0.87
osition of dosemeters
in the phantomn. J 0.81
K 0.87




Table 6 = Christchurch

area dose rates

Indoors Outdoors Ratio

(18 sites) (26 sites) | outdoors/indoors

(nGy/h) (nGy/n) (18 sites)
Maximum 119 111 1.234
Minimum 71 79 0.832
Mean 92.0 98.6 1.068
Standard Deviation 11.5 7.9

Table 7 - Population dose rate survey

Dose rate nGy/h

Maximum

Minimum

Mean

Standard Deviation

142
71
86
13.2




Figure 1 -~ The Components of the Wrist Bracelet

Figure 2 - A Wrigt Bracelet in Use
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Figure 3 = ZEnergy Response of the Dosemeter with, and without,
the Lead Filter :
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Figure 4 - Body Positions Where Dose rate Variations Were Measured






