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FOREWARD 

The Australian Radiation Laboratory is a national laboratory whose 
function is to assist the users of radiation, and those who regulate its use, 
to ensure that wherever radiation is encountered, it is managed in the safest 
possible way. In performing this function the Laboratory conducts a varied 
program of applied research in areas which have implications for occupational 
or public health. Many projects evolve in a natural way in response to an 
identified need for information, though often this is achieved by an 
expansion or extension of existing programs which run as a continuing basis. 

This progress report provides a brief outline of current Laboratory 
research and development projects and their present status. The material has 
been grouped as far as possible into coherent research fields, which often, 
though not invariably, reflect corresponding research groups within the 
Laboratory. 

As projects mature they are generally reported in the professional 
literature and in the Laboratory series of Technical Reports. Fuller details, 
or reprints of related work may be obtained by writing directly to the 
individual concerned. 

Donald W Keam 
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RADON DISPERSION IN THE LOWER BOUNDARY LAYER 

R S O'Brien 

DATA ANALYSIS 
The paper summarizing a preliminary analysis of the data collected so far, 

which was submitted for publication in late 1986, was rejected. This paper 
has undergone extensive revision, which has still not been completed. In 
particular, the dependence of radon concentration and vertica" radon flux on 
the bulk characteristics of the lower boundary layer has been examined. A 
short paper summarizing the results of this analysis is being prepared for 
presentation at the IRPA / Conference in Sydney in April, 1988. 

LABORATORY WORK 
Work has continued on the refurbishment of the Yeelirrie sensors, and on 

the construction of the new computer and the associated soft-ware for the 
control of the experiment. It is hoped to complete the testing of the new 
experimental system and install the equipment at Yeelirrie in mid-1988. 

MODELLING WORK 
The simple box model used in the paper mentioned in the section on data 

analysis was strongly criticised by one referee on the grounds that the box 
model does not take into account any vertical variation in radon 
concentration, and that it is generally accepted practice to use Gaussian 
plume models for simulating dispersion in the boundary layer. However, 

2 Seinfeld presents arguments whicf suggest that, while Gaussian plume models 
provide reasonable approximations to measured dispersion patterns for medium 
to long range dispersion, these models are not designed to simulate for very 
short range dispersion. Since the Yeelirrie experiment involves only a single 
measurement site the Gaussian plume type of model 1s not strictly applicable 
to the simulation of the observed radon and radon daughter concentrations. 

These considerations have prompted a start to a completely new approach to 
the modelling work. As yet, this work 1s at a very early stage of 
development, and will not be discussed further in this report. 
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FUTURE WORK 

When the measuring equipment and computer h?ve been rebuilt, it is hoped 
to extensively test the complete experimental system at ARL before 
re-installing the system at Yeelirrie. The aim is to collect continuous data 
over a twelve month period at YeelWie, analyse this data and continue the 
development of the boundary layer modelling work. In the longer term it is 
hoped to install the equipment at one or more other sites and repeat the 
experiment at these sites. This will greatly assist in the development of 
models which are capable of handling a wide range of atmospheric conditions 
and will help to establish whether local meteorology, l.̂ cal geography, or a 
mixture of both, is important to an overall understanding of radon dispersion 
in the lower boundary layer and the associated public health problems. 

REFERENCES 
1. O'Brien, R.S., Solomon, S.B., Wise, K.N., and Lokan, K.H., "Some 

Preliminary Results of a Study of Radon Dispersion Over an Extended 
Uranium Ore Body", submitted for publication, rejected with suggestions 
for possible revision. 

2. Seinfeld, J.H., "Atmospheric Chemistry and Physics of Air Pollution", John 
Wiley and Sons, 1986. 



-3-
PACIFIC RE610N RADON UAUGHER INTERCOMPARISON 

S B Solomon, J R Peggie and T H Gan 

A programme for the intercomparison and intercalibration of measurements 
of radon, thoron and daughter products, sponsored jointly by the Nuclear 
Energy Agency (NEA) of the Organisation for Economic Cooperation and 
Development (OECO) and the Co-nission of European Communities (CEC), was 
initiated in November 1983. The first part of this programme, covering the 
intercalibration and intercomparison of radon measuring equipment was 
successfully completed in 1986 (Kn86). The intercomparison of measurements of 
the shorter-lived radon daughters cannot be made in the same manner as radon, 
using an Interchange of sample containers, but requires side-by-side 
measurements of the same test atmosphere (Kn87, So88a). 

The Australian Radiation Laboratory is the designated Pacific region radon 
reference facility, and has the responsibility of coordinating intercomparison 
activities between laboratories of OECO-member countries within the Pacific 
region. Over the week of March 30 to April 3, 1987, representatives of six 
Australian and two Japanese laboratories attended an intercomparison of radon 
daughter measurements carried out using the radon test chamber at ARL in 
Melbourne. 

The measurement programme was divided into four sections, 

(a) Intercomparison of flow and activity standaros 
(b) Intercomparison of radon daughters from grab sampling 
(c) Intercomparison of radon daughters from integrating monitors 
(d) Intercomparison of unattached radon daughter measurements 

A total of 35 grab sample measurements and three days of integrating 
monitor measurements were carried out by the participating laboratories. The 
results of the Intercomparison of the five calibrated alpha sources are 
summarised 1n Table 1. This table shows the derived counter efficiencies for 
each reference source. Three sources were 1n good agreement (A, C and E), one 
source gave efficiencies approximately 6"/0 higher (B) and one source gave 
efficiencies 24*7,, lower (D). The measured ratios of the flow-rates, relative 
to the ARL wet-test meter, were 1.03, 1.02 and 1.00 for the flow-meters used 
by laboratories B, E and H, respectively. 
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Table 1 Intercomparison of calibrated alpha sources- detection efficiency 

(cps/Bq) for laboratory counting systems 

Counter Laboratory Reference Source 

(A) (B) (C) (D) (E) 

(A) .439 ± .003 .469 ± .002 .446 ± .004 .355 ± .001 .443 ± .002 
(B) .389 ± .002 .418 ± .002 - - .401 ± .002 
(C) .157 ± .001 .161 ± .001 .158 ± .001 .146 ± .001 .161 ± .001 
(0) .350 ± .002 .371 ± .002 .310 ± .002 .267 + .002 .357 ± .002 
(E) .127 ± .001 .138 ± .001 - - .132 ± .001 

Each of the three measurement groups carried out at least nine 
intercomparisons of radon daughter concentration. The derived values for the 
PAEC, relative to the respective ARL measured value, are summarised in Table 
2, together with the calculated mean, standard deviation and standard error of 
the mean, for each laboratory. 

Table 2 Results of PAEC intercomparison - ratio of PAEC for participant 
laboratory to corresponding ARL value. 

Laboratory Identification 

Sample Group 1 Group 2 Group 3 
No. (B) (F) CD (C) (E) (D) (G) 
1 0.81 0.92 0.99 0.98 1.07 1.55 0.90 
2 0.81 0.96 1.02 0.97 1.03 1.27 0.81 
3 0.85 0.98 1.11 0.97 1.05 1.37 0.96 
4 1.04 1.11 1.07 0.97 1.01 1.16 1.03 
5 0.75 1.11 1.04 0.96 0.97 0.94 -
6 0.91 1.12 1.01 0.95 1.06 1.47 0.97 
7 0.90 0.94 1.04 0.96 0.98 1.09 1.37 
8 0.88 1.08 0.81 0.94 0.98 0.96 0.95 
9 0.82 1.12 1.07 0.88 1.04 1.22 -

Mean 0.87 1.04 1.02 0.95 1.02 1.23 1.00 
1 SD 0.09 0.O9 0.08 0.03 0.04 0.21 0.18 
SEOM 0.03 0.03 0.03 0.01 0.01 0.07 0.07 
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The results in Table 2 for the mean ratios of laboratory PAEC to ARL PAEC 

show that the values for three of the laboratories (F, G and H) are not 
significantly different from 1.00. The ratio for laboratory E was 1.02 at the 
5 0 / o significance level. Laboratories B, C and D, with ratios 0.87, 0.95 and 
1.23 respectively, were different from 1.00 at more than 99°/ 0 significance. 
Some of these difference can be accounted for by the differences in the 
reference source calibration, shown in Table 1. Examination of the standard 
deviation values for each laboratory, in Table 2., shows that some 
laboratories were more consistent in their measurement procedures. 

A detailed report of tne methodology and results of this intercomparison 
is in preparation. 

REFERENCES 
Kn86 Knutson, E.O., (Ed.) International Intercalibration and 

Intercomparison Programme for Radon, Thoron and Oaughters Measuring 
Equipment: Part I, Radon Measurement, OECD/NEA and CEC Joint Report, 
Paris (1986). 

Kn87 Knutson, E.O., Tu, K.W., Solomon, S.B. and Strong, J., 
Intercomparison of Three Diffusion Batteries for the Measurement of 
Radon Oecay Product Particle Size Distributions. Paper presented at 
4th Int. Symp. on the Natural Radiation Environment, Lisbon, December 
1987. 

So88a Solomon, S.B., (Ed.) International Intercalibration and 
Intercomparison Programme for Radon, Thoron and Daughters Measuring 
Equipment: Part II, Padon Daughter Measurement, OECD/NEA and CEC 
Joint Report, Paris, In press. 
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HEASUREMENT OF SUB-HICRON RADIOACTIVE AEROSOL 

IN AN UNDERGROUND URANIUM MINE 

S B Solomon 

The assessment of the effective dose equivalent for an exposure to an 
airborne concentration of radon daughters is dependent on dosimetric models of 
radiation exposure to the lungs. Two dosimetric models in common use for 
converting radon daughter potential alpha energy concentration (PAEC) to 
effective dose equivalent are the James-Birenal1 (J-B) and the Jacobi-Eisfeld 
(J-E) models (Ja80, Ja81). In both models, the radiation dose to the tissue 
at risk is dependent on the nature of the radon daughter particles. In 
particular, the size of the radon daughter aerosol and the fraction of the 
total radon daughter activity actually attached to this aerosol are of primary 
importance. The parameters used to characterize these properties are the 
activity median aerodynamic diameter (AMAD) and the unattached fraction of 
PAEC (f ) (NEA83). 

During August/September 1987, a series of measurements of AMAD and f were P made in an underground uranium mine at the Olympic Dam Project, Roxby Downs, 
South Australia. Radon daughters typically attach to particles in the size 
range 50 to 500 nm (0.05 to 0.5 microns). In this size range, diffusion 
batteries are the main method for assessment of AMAD. The diffusion battery 
used for the Roxby Downs measurements was a modified TSI 3040 wire screen 
diffusion battery. This battery contains a total of fifty-five, 635 mesh 
stainless steel screens. Eleven sampling ports are arranged at intervals 
along the battery. These ports were selected using solenoid valves, to 
provide a particular number of screens (0, 1, 3, 6, 10, 15, 21, 28, 36, 45, 55 
screens). Only one combination of screens wa:> used for each sample. 

The samples taken from a particular sampling port were passed through a 
filter to collect the radon daughters. The alpha particle activity on the 
filter was measured using small solid state detectors (eleven in all- one for 
each sample port) mounted 1n front of the filter. The activity deposited on 
the filter from each sampling port was analyzed to determine the Individual 
radon daughter concentrations, together with the derived potential alpha 
energy concentration. Each AMAD measurement required that each of six ports 
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was sampled for 5 minutes, giving six sets of activity concentrations. These 
values were then analyzed using a program based on the Twomey iterative 
non-linear algorithm (Tw75) to derive the particle size distribution for each 
data set. 

Six sets of AMAD measurement were made at two locations within the mine. 
The results of the PAEC analysis for these measurements are summarized in 
Table 1. At each location, the measured concentrations from each port 
remained relatively constant with time. Combining the PAEC results at each 
location, the derived values for the AMAD were 161 nm (geometric standard 
deviation, a =1.2) and 131 nm (o =1.65). 

Table 1 Derived PAEC values as a function of sampling port of TSI 3040, for 
two underground locations at the Roxby Downs uranium mine. 

Location Time Sample PAEC (mWL) f o r Sample Port No • (1) 
No. 1 2 3 4 5 6 

Crib 13:40 4 23.711.5 20.711.4 20.0+1.4 10.410.9 8.710.9 6.810.8 

09:58 5 22.6+1.5 22.6±1.5 19.4+1.3 17.111.3 11.911.0 6.810.8 

13:00 6 30.2+2.1 22.0±2.0 17.311.7 16.311.6 13.411.5 9.111.2 

16:06 7 25.6±1 .8 19.111.6 17.711.5 13.111.3 8.011.3 3.610.8 

(Mean and SE0M) 25.511.0 21.1+0.6 18.610.4 14.211.0 10.510.8 6.610.7 

E Drive 10:55 11 61.U3.2 69.613.4 60.613.3 37.212.7 13.511.4 
13:04 12 69.913.4 59.413.3 48.312.8 33.312.3 15.411.6 

(Mean and SE0M) 65,5+3.1 64.5+3.6 54.5+4.3 35.3H.4 14.5+0.7 

(1) For measurements at Crib, the number of screens were 0, 3, 10, 21, 36 and 
55, respectively. For East Drive measurements, the number of screens used 
were 0, 1, 6, 21 and 55, respectively. 
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Measurements of the unattached fraction were made using a single 200 mesh 

stainless steel screen and back-up filter. Air samples were passed through 
the screen-filter combination and the alpha activity measured on both the 
screen and the filter. These activities were analyzed using the modified 
Tsivoglou method (Th/2) to derive the individual radon daughter concentrations 
and the PAEC values for each. The results of these measurements, at a number 
of location around the mine, are summarized in Table 2. The mean and standard 
deviation derived from all of the measurements of unattached fraction of PAtC 
was 2.9% ± 3..6% with 11 degrees of freedom. Without the last measurement, 
the corresponding values were 2.1% ± 1.6%. 

Table 2 Measured values of unattached fraction of individual radon daughters 
and PAEC, as a function of location in Roxby Downs mine. 

Location Time Date Unattached Fraction (%) for Parameter 
(1) Po-218 Pb-214 Bi-21 

Crib 13:51 26/8/87 -
Crib 15:16 26/9/87 -

29LJ57 10:52 29/8/87 1.3 1.2 0.03 
Crib 11:50 29/8/87 43.0 4.8 
35LK57 15:10 29/8/87 10.6 5.1 
26NB84 15:53 29/8/87 -
36NF53 12:51 29/8/8/ -

36NF53 10:45 31/8/87 -
36NF53 11:48 31/8/87 -
38NB52 12:47 31/8/87 -
35NH51 15:22 31/8/87 -
36NF53 16:25 31/8/87 

ameter PAEC 
PAEC mWL 

0.6 85 
0.9 93 

1.0 392 
5.1 26 
4.0 29 
13.3 3 
1.0 57 

0.7 60 
3.3 71 
2.5 94 
3.0 42 
1.0 30 

(1) Map coordinates refer to Olympic Dam Project Mine Development Composite 
Plan No. 0DM29/B-1. 
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LOW LEVEL ENVIRONMENTAL RADON MONITOR 

T H Gan and S B Solomon 

The design and performance of a new low level environmental radon monitor 
(LLERM), based on dynamic adsorption of radon on to activated charcoal in a 
copper coil, was evaluated. In this study, environmental conditions, namely 
temperature and humidity, were varied, so as to understand the effects of such 
parameters on the behaviour of the activated charcoal and thereby the general 
performance of the LLERM. 

The LLERM was constructed from a copper tube 10 mm diameter and 2.86 
metres long, which was spun into a coil, 70 mm diameter and 110 mm high and 
filled with 50-53 gm of activated charcoal. The coil was designed to fit 
around a standard 50 mm Nal detector, in a geometry similar to that of a 
Marinelli beaker. 

In the field, the coil can be used to sample radon from large volumes of 
air. Typically 100 litres of air can be sampled without breakthrough from the 
coil under most environmental conditions. By varying the flow rate, the coil 
can be used either as an integrating device or a grab sampler. At slow flow 
sampling rates, the coil determines the mean radon concentration from a 100 
litre air sample over a 24 hour sampling period. By sampling at faster flow 
rates, the 100 litre volume 1s obtained within 15-20 minutes. 

The coil was calibrated by sampling known concentrations of radon from a 
small environmental chamber at various temperature and humidity levels. 
Studies on the effects of temperature and humidity on the calibration factor 
were conducted under the following conditions: 

(1) 13°C and 18-25%, 100% RH 
(ii) 25°C and 18-25% RH 

(11i) 35°C and 18-25% RH. 

The calibration factor or counting efficiency obtained without 
breakthrough ranged from 0.0820 to 0.0930 cps/Bq or 8.20% to 9.30% with a mean 
value of 8.70 t 0.56%. Based on a background count of 0.55 cps and a 



-II-
10,000 second counting period, the lower level of detection, defined by 50% 

-3 counting statistics at the 95% confidence level, was 5 Bq m 

(Abstract of paper presented at 12th Annual Conference of tne Australian 
Radiation Protection Society, Brisbane, 6-8 July 1987). 
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THL MONITORING OF RADON BY ADSORPTION 

P M Pojer and J R Peggie 

An environmental chamber nas been built in which temperature, relative 
humidity and radon concentration can be varied and kept constant at different 
levels. The behaviour of the ARL charcoal canisters (used for surveying radon 
levels in homes) under extreme conditions of temperature and humidity, has 
been investigated. So far, it appears that temperature and humidity changes 
have an effect on radon adsorption by charcoal. A mathematical model is to be 
developed to describe this behaviour. 

Publications 
1. Pojer P M and Peggie J R, Radiat. Prot. Aust. in press. 

2. Solomon S B, Peggie J R, Pojer P M and Wise K N, in press. 
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RADON TRANSPORT IN AN AC'IVATED CHARCOAL CANISTER 

U J Wi' .on 

INTRODUCTION 
In order to develop a better und-rst3naing of the activated charcoal 

canister, models which accurately descr (L? Rn accumulation and transport in 
1 the charcoal are needed. Conen descnttd Rn diffusion in a bed of activated 

charcoal which was exposed to Rn in tne open 3ir. The Rn diffusion model 
shown here was developed for an act vated charcoal canister used for surface 
emanation measurements. The model ~'s siiTila™ in jporoach to that used by 
Cohen. Emphasis is also placer on understanding the adsorption and desorption 
properties of charcoal, in particular, the influence of temperature and 
humidity on these properties anu thvir t'ect on the overall performance of 
the canister. 

SURFACE ACCUMULATION MODEL 
Radon adsorption by activated charcoal is considered to be a surface 

effect. The observed properties of adsorption and desorption are consistent 
with Van Der Waal adsorption. A Rn atom is captured at an adsorption site on 
the charcoal surface and held by Van Uer Waal forces. Once captured, there is 
a finite probability of its escape or desorption. The rate of Rn accumulation 
is given by equation (1). 

d C 
char = A' C - D' C (1) 

d t air char 
-3 where C . = Rn concentration in air (Bq cm ) 

air 

C = Rn concentration 1n charcoal (Bq g ) 
C flo P 3 -1 -1 A' = adsorption rate coefficient (cm g s ) 

D' = desorption rate coefficient (s ) 
t = time (s) 

Radon accumulates on the charcoal surface until equilibrium 1s reached 
between the rate of adsorption and the rate of desorption. The equilibrium 
condition 1s shown in equation (2). 
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C . a r = k C . (2) 
char air 

3 -1 where k = Rn adsorption coefficient (cm g ) 
= A'.'D' (3) 

The probability of Rn desorption depends on the thermal energy of the 
atom. At high temperature. 390K, Rn escapes with ease, the residence time at 
the site is short, and the Rn equilibrium level is low. At low temperature, 
200K, escape is difficult, the residence time is long, and the equilibrium 
level is high. More Rn Is accumulated at low temperatures than at high 
temperatures. 

Activated charcoal adsorbs moisture from the air, and it is likely that 
water molecules can occupy the same adsorption sites that capture Rn. At high 
relative humidity levels, Rn accumu'ation is impaired as adsorption sites are 
taken by water molecules, particularly if the liquid water phase occurs on the 
charcoal surface and Rn is displaced from the sites. 

DIFFUSION MODEL 
The transport of Rn through the air spaces within an activated charcoal 

charge can be described by the one dimensional diffusion equation (4). 

2 
d C d C 

air = D air - A' C + D' C (4) 
2 air char 

d t d x 

where x = depth Into the charcoal charge (cm) 
2 -1 D = diffusion coefficient (cm s ) 

It can be shown that equilibrium between adsorption and desorption occurs 
rapidly within the canister, and that the Rn 1n the charcoal is very much 
greater than that in the air space. The diffusion equation for Rn 1n the 
canister can be obtained by reducing (4) to (5). 

2 
d C d c 

char = D char (5) 
2 

d t d t 
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A solution to (5) for a canister placed on a surface emanation source may 

be readily obtained for an exposure to a short pulse of Rn, and as a pulse 
occurs at a finite time, the solution can include a term for Rn decay. The 
solution is given by equation (6). 

2 
(-0.693 t/f -x / 4 0 t) 

M e 
C = (6) 
char 1/2 

P (* 0 t ) 
where f = Rn half life (s) 

M = initial Rn concentration adsorbed on the charcoal 
-2 surface (Bq cm ) 

-3 p = charcoal density (g cm ) 

As (b) is the solution for a linear differential equation, the solution is 
additive. Any continuous emanation source can be simulated by a train of 
concentration pulses and therefore the Rn distribution can be obtained from 
the numerical summation of (6) over the sampling period. The waiting period 
used for the ingrowth of Rn daughters can also be modelled by setting the Rn 
emanation rate to zero for the waiting period. 

DISCUSSION 
2 Heasured Rn profiles were compared with the concentration distributions 

predicted in the charcoal canister. Good agreement was found in all cases. 

It will be noted that the model uses the numerical integration of the 
response to pulses of Rn concentration to obtain the Rn profile, and no 
attempt was made to find an analytic solution for a continuous source. The 
reason for this was that Rn emanation sources do not necessarily emanate at a 
constant rate (i.e. temperature, pressure and humidity dependence) and that 
the shape of the Rn profile depends heavily on the waiting period. An 
analytic solution for a continuous emanation source cannot predict the Rn 
profile for a variable emanation rate or the significant changes which occur 
during the waiting period. 

The modelling of Rn transport in an activated charcoal canister was 
3 completed 1n 1987. A paper presenting the model was subsequently prepared 

and submitted for publication 1n June 1988. 
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WNTE CARLO COUNTING EFFICIENCIES FOR MEASURING Rn 

IN A CHARCOAL CANISTER 

0 J Wilson 

INTRODUCTION 
222 The level of Rn adsorbed in an activated charcoal canister used for 

surface emanation measurements, may be determined by direct measurement of the 
canister with a Nal detector . The counting efficiency for this arrangement 
depends on the Rn distribution in the charcoal, and this varies as a function 

2 of sampling period . Provided the Rn profile in the canister is known or can 
be predicted, the counting efficiency for the counting arrangement can be 
determined by use of Monte Carlo methods. 

RADON DISTRIBUTION 
Canisters containing full and half charcoal charges were exposed for a 

2 wide range of sampling periods and the Rn profiles were measured . In order 
to develop an appropriate source function for the Monte Carlo simulation, the 
measured profiles were fitted by use of the empirical expression 

for (0 < x < X') 
C(x) = 1 

for (X' < x < X) 

C(x) = 
K(X' - x) 

(1 - K(X' - X)) e + 

1 + c 

where C(x) = relative Rn content 
x = depth into the charcoal charge 
X = charcoal charge thickness 
X' = entrance layer thickness 
K = exponential shaping coefficient 
c = uniform distribution coefficient 

By use of the three coefficients, X', K and c, and a least squares fitting 
program, accurate fitting was obtained with a II of the measured Rn profiles. 
It was found that a constant value for X' (2.62 mm) could be. used for the full 
and half charge profiles for all sampling periods. For sampling periods of 
less than 16 hours, c was zero for both charges while K was the time dependent 
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variable. For sampling periods of greater than 16 hours, K was a constant 
(0.123 mm ) for both changes while c was the time dependent variable. 
Therefore, the profile was determined for all sampling periods by use of two 
constants and one variable. 

BOWIE CARLO SIMULATION 
The counting arrangement consisted of a (5 cm x 5 cm) Nal detector placed 

centrally on the unexposed end of the charcoal canister. A narrow counting 
214 window was set on the 609 keV photo-peak of Bi. 

This counting arrangement was easily simulated by use of Monte Carlo 
methods. Due to the narrow counting window, it was assumed that only 
non-scattered photons were counted. It was unnecessary to model photon 
scatter. The attenuation of photons in the charcoal, canister wall, and 
detector end window, was calculated by use of Lamberts' exponential 
attenuation equation. The symmetry of the measurement arrangement, which 
consisted of a cylindrical source and detector that were aligned coaxially, 
made the geometry simple to model. 

A Monte Carlo program was developed, which took into account the above 
observations of the counting arrangement and also included various well 
recognized methods of increasing the computation speed, without compromising 
accuracy. The Rn distribution throughout the activated charcoal in the 
canister was estimated by use of the empirical expression shown above. The 
program used an experimental intrinsic efficiency constant, which was 
dependent on the photon conversion efficiency of the detector and instrument 
settings such as the counting window width and high voltage supplied to the 
detector. The program was required to simulate at least ten thousand photons 
to achieve an accuracy greater than one percent. 

DISCUSSION 
By use of the Monte Carlo program, counting efficiencies were estimated 

2 for the measured Rn profiles of Gan et a I . These counting efficiencies were 
found to be in very good agreement with measured counting efficiencies given 
1n the publication. 

The above Monte Carlo method of determining counting efficiencies for the 
3 experimental arrangement was submitted for publication . 
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ABSOLUTE FLUORESCENCE YIELDS OF ELECTRON IRRADIATED GASES 

J G Young and R Cooper 

The absolute fluorescence yields have been determined for several 
rare-gas-additive systems irradiated with 3 ns pulses of 0.5 HeV electrons 
from a Febetron 706 electron pulser. The systems studied were:-

(i) the rare-gas-halogen atom exciplex systems, and 
(ii) the rare-gas-nitrogen systems. 

* * * * * 
Light emissions from the KrF , XeF , XeBr , XeCl and Xel exciplexes were 

monitored following the radiolysis of the Kr/SF,, Xe/SK, Xe/CF„Br, Xe/CFCI0 

O D J 0 
* 

and Xe/CF-I gas systems. For all exciplex systems, except XeF , two distinct 
processes were responsible for the formation of the emitting states: (i) a 
non-ionic energy transfer process involving excited rare gas atoms and (ii) an 
ionic recombination process involving rare gas cations and halogen anions. In 

* 
the case of XeF no contribution from the energy transfer process could be 
detected. 

* * 
For KrF and XeBr the contributions to the total fluorescence yield from 

both the ionic and the non-ionic formation processes could be determined 
directly because the experimental conditions could be varied to allow both 
formation processes to be well resolved in time. 

The fluorescence yield as a function of increasing rare gas pressure 
exhibited a distinct rise and fall for each exc^plex system studied except 
XeF which exhibited a continuous decrease. The increase in yield at low rare 
gas pressures was explained as being due to the influence of mutual 
neutralization of the ions which combine to form the emitting state. A 
continuous decrease 1n fluorescence yield was observed as a function of 
halogen source gas pressure for all exciplexes studied. 

* Department of Physical Chemistry, Melbourne University. 
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3 3 

Light emissions from the Second Positive Band (C n -» B n ) of N» and the 
2 + 2 + + 

First Negative Band (B I -» X E ) of N ? were measured following the radiolysis 
of N /He and N /Ne gas mixtures. The C n state is formed by sub-excitation 
electrons of energy between the lowest energy of this state and the lowest 

2 + 
excited state of the rare gas, while the B E state is formed by charge 

3 
transfer and energy transfer processes. At high nitrogen pressures the C n 

3 + 
state was also observed to be formed by the collisional quenching of the E E 
state of nitrogen by nitrogen. 

The yield of sub-excitation electrons responsible for the formation of the. 
c'n state was found to be 0.079 ± 0.006 for the N /He system while a value of 
0.116 ± 0.037 was obtained for the N /Ne system. These values may be compared 
with theoretical values of 0.097 and 0.094 derived from Monte Carlo 
Simulations. 

2 + 
Fcr the B i state the yield of the precursors was found to be of the same 

order of magnitude as the yield of ions and excited states in the rare gas. 
It was not possible to sub-divide the fluorescence yield into its two 
components for the fL/He system. However, 1n the N 2/Ne sv^tem this was 
achieved. 

1. J G Young (1987) PhD Thesis, Melbourne University. 
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HEGAVOLTAGt DOSIMETRY 

D V Webb, D J Jenkinson, J t H Thomson and R Petchell 

The project involves the installation and refurbishment of a 20 MeV 
Radiation Dynamics (Vickers) electron linear accelerator to provide a source 
of megavoltage electron and X-ray beams. The primary function of the facility 
will be to study problems in ionising radiation dosimetry, radiotherapy 
physics and radiobiology. Other applications are possible and access will be 
available to users outside ARL. 

A. Refurbishment Program 
During 1987, the development of the linac facility continued to proceed at 

a relatively slow pace. The major tasks were started of tuning the high power 
modulator pulse forming network (PFN) and tuning the accelerator sections. 
Considerable effort was expended on the latter and an adequate understanding 
was achieved of the rf mode transformers that optimize the structure VSWR. 
The feed waveguide structure has been installed and final coupling to the 
accelerator waits on the completion of the section tuning. 

in the case of the PFN tune, the modulator tank has been operated reliably 
at minimum high voltage and pulse repetition rate with the klystron run in 
'diode' mode. The pulse shape is, however, far from optimum and the cause 1s 
being Investigated. While the electron gun has been mounted and prepared for 
testing with supporting vacuum and cooling services, the high voltage cathode 
pulse for the gun is taken from the klystron drive and pulse testing of the 
g*in must be deferred until the PFN adjustment is satisfactory. 

The feed waveguide SF6 pressurlsatlon system 1s ready and clean air has 
been brought to the strongback for Isolation pockets. An external interlock 
network for both machine operation and personnel safety has been implemented 
and .» radiation area monitoring system has been installed. 

B. Beam Line Development 
Two beam lines are planned, a straight ahead line and, later, a line for a 

beam achromatlcal ly bent somewhere between 90 and 120 degrees. Ihe beam 
emlttance of the direct electron beam will need to be measured, to facilitate 
the design of the achromatic beam handling system. Preliminary design of the 
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0 degree beam line has been towards obtaining as compact a structure as 
possible and first order parameters have been set for the focussing 
quadrupoles. 

C. Dosimetry 
It is planned to use the initial beam line to carry out dosimetry studies 

with the ARL microcalorimeter. Experience gained at this stage will be used 
for more precise measurements with well-defined energy beams when available 
from the deflected beam line. 

To support the study of beam dosimetry particularly for electrons, the Monte 
Carlo electron transport code, E6S4, was obtained in mid 1987 from the 
Stanford Linear Accelerator Center. EGS4 has been implemented on the DCSH 
computer in Canberra and is undergoing validation checks. 
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X-RAY IMAGING USING MULTIWIRE PROPORTIONAL COUNTERS 

J E M Thomson 

Multiwire proportional counters (MWPC) have proved to be valuable imaging 
devices in various branches of research physics, particularly in the 
determination of particle trajectories in high energy physics. As imaging 
devices they have good spatial resolution, are cheap to build and are readily 
interfaced to computers for image analysis and processing. 

Our previous report (ref 1) described the development and operation of a 
high count rate, high resolution MWPC imaging system which is capable of 
producing either conventional 2-dimension,il radiological images or axial 
tomographs using low energy X-rays (-30 keV). The system has been designed 
for two specific medical applications. 

(1) Soft tissue radiology such as mammography, where it has the potential 
for substantial reduction in patient dose and improvement in image 
quality compared with conventional techniques. 

(2) Measurement of bone mineral density, from digital images of the wrist. 

Recent work has centred around the development of a MWPC imaging system, 
for the second of the above applications, which will provide an inexpensive 
and valuable tool for the diagnosis and assessment of osteoporosis. 

Osteoporosis is a disease prevalent in a large percentage of post 
menopausal women and results in the weakening of bones due to loss of 
calcium. The disease is predominently responsible for the large number of 
minimal trauma hip, spinal vertebrae and wrist fractures suffered by elderly 
women. Methods of diagnosis of osteoporosis rely on accurate measurements of 
the mineral content (density) of bones. Clinically the most useful density 
measurements are those of trabecular or cell like bone, which is the type of 
bone most rapidly changing as a result of the disease. 

Current methods of diagnosis are by CT scanning of the spine, neutron 
activation techniques and X-ray transmission measurements on the wrist or 
ankle. CT scanning and neutron activation methods are expensive and can lead 
to high patient radiation doses. They are therefore unsuitable for widespread 
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use such as in a screening program. X-ray transmission measurements, which 
use a rectlinear scanning technique with a radiation source and a scintillator 
detector, are inexpensive but are slow and of debatable clinical usefulness. 
Difficulty with these rectilinear scanning methods arise because of difficulty 
in relocation for repeated measurement and in measuring regions of high 
trabecular bone. 

The present MWPC systeir overcomes the difficulties encountered with 
conventional wrist scanners because images can be obtained in a short time (~ 
2 minutes) and the mineral content evaluated for any part of the image, 
typically of the extreme distal radius where the trabecular content exceeds 75 
per cent. Working with a digital Image also has the advantage that accurate 
relocation can be made from 'anatomical landmarks'. 

Digital Images for measuring the bone mineral content of any part of the 
wrist bones are obtained using a fan beam of X-rays from an iodine-125 
source. These X-rays are passed through the wrist, which is immersed in a 
water bath, and are then passed through a narrow slit collimator before 
entering the chamber. This post collimation is necessary to remove any 
scattered photons which will lead to inaccuracies in the attenuation 
measurements. The Image Information is produced by scanning this fan beam and 
post collimator along the anode wires and obtaining the 2-d1mens1onal 
Information 1n a similar way to that described in reference 1. The bone 
mineral mass (per unit area) can, in principle, be determined for any pixel of 
the Image, from a knowledge of the ratio of the number of counts in a given 
pixel of the wrist image to the number of counts that would be measured 
without the wrist present. Images obtained from the present MWPC system have 
been presented 1n our previous report (ref. 1). 

In order to calibrate and evaluate the absolute accuracy of the system, a 
set of plaster of parls (almost pure CaSO ) 'calibration' plaques, 
approximately 2 cm wide by 6 cm long and of various thicknesses, has been 
used. Images of these plaques were obtained with the MWPC system and the 
thickness evaluated from the transmission data given by the image, together 
with a knowledge of the mass attenuation coefficients for the plaster (ref. 
2). Measurements vere made with X-rays from an 1-125 source and also with 
X-rays from an 1-125 source filtered with 0.1 mm of pure tin. The use of the 
tin filter with an 1-125 source produces an almost pure monochromatic source 
of X-rays, which will be necessary for the analysis techniques required to 
determine the densities of bone surrounded by tissue and water. 
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Table 1 shows the thicknesses of the plaques determined from the images 

compared with those determined by physical measurement. In all cases, except 
that for the unfiitered beam through 1.46 cm of plaster, the thicknesses agree 
to better than 3 per cent. These results are well within the absolute 
accuracy obtained with rectilinear scanning techniques. It is expected that 
long term reproducibility will be of the order of 1 per cent. 

REFERENCES 
1. 'Annual Review or Research Projects' 

Report TR078 (1986) 15. 
Australian Radiation Laboratory 

2. Veigele, W.G. Atomic Data lables 5 (19/8) 51-111 

TABLE 1 Thickness of plaster plaques determined by direct 
measurement compared with those determined from images 
obtained from the transmission of X-Rays from an 
Iodine-125 source with and without a tin filter. (The 
figures in brackets indicate the per cent difference 
between the transmission measurements and the true 
thickness). 

THICKNESS MEASURED 
WITH A MICROMETER 

CM 

THICKNESS DETERMINED FROM THICKNESS DETERMINED FROM 
IMAGE USING 1-125 NO FILTER IMAGING USING 1-125 WITH 

TIN FILTER 
CM CM 

0.2/6 ± .005 
0.424 ± .005 
0.570 ± .005 
0.765 + .002 
0.900 ± .005 
0.990 ± .005 
1.460 ± .01 

0.2/3 ± .005 (-1.0°/.) 
0.426 ± .002 (+0.4VJ 
0.586 ± .005 (+2.8VJ 
0.784 + .005 (+2.8VJ 
0.888 ± .002 (-1.3VJ 
1.000 ± .01 (+1.0°/o) 
1.520 ± .04 (+4.0VJ 

0.282 ± .00/ ( + 2 . 0 V J 
0.430 ± .002 ( + I . 5 V J 
0.569 ± .003 (-0.2° / ) 
0./58 ± .004 ( - I . 0 V J 
0.892 ± .002 ( - I . 0 V J 
1.008 ± .008 (+1.8"/ , ) 
1.456 ± .009 ( + 0 . 3 V J 
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PHOTQNUCLEAR REACTIONS IN TISSUE IRRADIATED 

WITH HIGH ENERGY BREHSSTRAHLUNG 

P D Allen and H A Chaudhri* 

•Department of Medical Physics, Austin Hospital, Heidelberg 3084. 

Calculations of the integral absorbed dose and dose equivalent due to 
neutrons produced in tissue irradiated with bremsstrahlung (end point energies 
from 6 to 30 MeV) were completed during 1987. This work, together with that 
described in earlier Annual Reports, has now been published (1,2). 

REFERENCES 
1. P D Allen and M A Chaudhri. Photoneutron production in tissue during high 

energy bremsstrahlung radiotherapy. Physics in Medicine and Biology 33 
(1988) 1017-1036. 

2. P D Allen and M A Chaudhri. Photoneutron production and dosimetry in 
tissue during high energy bremsstrahlung therapy. Sixth Symposium on 
Neutron Dosimetry, Neuherberg, Federal Republic of Germany, October 1987. 
Radiation Protection Dosimetry 23 (1988) 341-344. 
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STANDARDS Oh IONISING RADIATION ABSORBED DOSE. 

R B Huntley 

1. The ARL Graphite Hicrocalorimeter 
As reported in previous annual reports, the ARL graphite microcalorimeter 

is now operational. For a complete description and analysis of the design see 
Huntley (1986). Work is proceeding to establish the device as a standard of 
ionising radiation absorbed dose. The project was presented to a joint 
meeting of the Australasian College of Physical Scientist in Medicine, the 
Society for Medical and Biomedical Engineering and the Institution of 
Biomedical Engineering, in November 1987. 

Computer control of jacket heaters 
Some progress was made in 1987 on computer control of the inner jacket 

heaters. A relay box has been built to allow a dedicated instrument control 
computer to adjust the balance point of a heating control bridge during 
electrical heating. This will enable the temperature of the jacket to track 
that of the absorber during this part of the measurement cycle, leading to a 
dramatic reduction in the heat transfer between the absorber and jacket, and 
thus to more accurate results. Note that the temperature of the jacket 
automatically tracks that of the absorber during radiation heating, as the two 
Inner jackets are both fully Irradiated, as welI as the absorber. Software to 
control the relay box has been written and tested, the resistance values in 
the box carefully adjusted, and heater control amplifiers provided with remote 
control summing inputs. Owing to the large software overhead required to 
adjust the relay box, an improved mark 2 unit was designed and is under 
construction. When completed, the mark 2 box will replace the original unit 
in controlling the temmperature of jacket 1, while the first box will be used 
to add similar control to jacket 2, but on a less frequent adjustment cycle, 
requiring less attention from the computer. With these improvements to the 
temperature control arrangements, 1t should be possible to use the optimum 
parameters 1n Implementing a computed PID (Proportional Integral Differential) 
controller for the two inner jackets, further reducing heat transfer to or 
from the absorber during electrical heating. 

Vacuum diffusion pump 
Comparisons of the temperature drift rates before and after the 

installation of a new diffusion pump and associated Improvements to the vacuum 
vessel and coupling hoses showed a reduction of approximately two orders of 
magnitude 1n the absorber temperature drift. 
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The combination of computer control of the heaters and the lower drift 

rate due to Improved evacuation 1s expected to result in the establishment of 
the ARL microcalorlmeter as a primary working standard instrument in the near 
future. 

2. Dosimetry Intercomparisons 
A further Thermoluminescent Dosimetry (TLD) postal absorbed dose 

Intercomparlson was conducted by the International Atomic Energy Agency (IAEA) 
and World Health Organisation (WHO) 1n March 1987. ARL participated in this 
Intercomparlson as a Primary Standard Dosimetry Laboratory associated with the 
IAEA/WHO network of Secondary Standard Dosimetry Laboratories (SSDLs). At the 
time of writing, no results are to hand. 

An Intercomparlson was undertaken with the Australian NL , r lear Science and 
Technology Organisation (ANSTO), previously known as the Australian Atomic 
Energy Commission (AAEC), 1n February 1987. The ANSTO and ARL maintain 
National and working standards of radiation measurement quantities on behalf 
of the National Measurement Laboratory (NML) of the Commonwealth Scientific 
and Industrial Research Organisation (CSIRO). An apparent discrepancy in the 
results of this Intercomparlson led to a careful analysis of accumulated data 
on the stability of the transfer standard instrument used for the 
measurements. This analysis has revealed a larger than expected variability 
1n the response of the Instrument. Further analysis of these data is 
continuing and a report will be Issued 1n due course 1n an appropriate 
scientific Journal. 

3. Environmental Test Chamber 
The evaluation of a sophisticated constant temperature and humidity 

chamber commenced. This facility will allow the testing of dosimetry 
equipment under a range of ambient conditions from below zero to over 50 
celslus, at relative humidities between zero and 98V„. This work was 
prompted by a possible request from the IAEA to evaluate a dosemeter for use 
by SSDLs 1n the Pacific region. A report on the facility will be Issued 1n 
due course as an ARL technical report. 

REFERENCE 
Huntley, R.B. A microcalorlmeter as a Working Standard of Ionising Radiation 
Absorbed Dose. M.App.Sc. thesis, Royal Melbourne Institute of Technology, 
June 1986. 
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OPTICAL FIBRE TEMPERATURE SENSOR 

P 0 Allen and N J Hargrave 

A phase measurement system to be used for investigating radiation effects 
in a fibre optic interferometric sensor was described in the previous Annual 
Report (1). lhis sytem was tested in 1987. lhe linear relationship between 
the interferometer phase and the temperature of the optical fibre is shown in 
Figure 1. 

241 A preliminary attempt to measure the effect of Am irradiation on the 
temperature sensitivity of a single mode optical fibre was made. A shuttered 

241 brass enclosure was constructed to hold a 5 Ci Am source. This device can 
be used to irradiate a defined length of fibre located in the thermal mass 
used for measuring the fibre temperature sensitivity. The output of the 
source was determined using thermoluminescent material. No effect on the 
temperature sensitivity of the fibre was detected for an irradiation of 30 Gy 
over a period of about 12 days. However, higher doses and dose rates, and 
more stable sensitivity measurement, are required to reach a firm conclusion. 

A talk on the potential use of optical fibre temperature sensing for 
absorbed dose calorimetry was given in November (2). 

REFERENCES 
1. P 0 Allen, N J Hargrave and E Wallace. Interferometer for the 

investigation of optical fibre as a temperature sensor for use in absorbed 
dose calorimetry. Annual Review of Research Projects 1986, edited by D W 
Keam, ARL/TRC78, November 198, pp 29-31. 

2. P D Allen and N J Hargrave. A fibre optic temperature measurement system 
for mlcro-calorimetry. Talk given to combined meeting of the Society for 
Medical and Biological Engineering, Australasian College of Physical 
Scientists in Medicine, Institution of Biomedical Engineering, Melbourne, 
November 1987. 
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Figure 1 Plot of interferometer phase versus temperture of the optical 
fibre. 
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CHLHISTRY AND STRUCTURE OF TECHNETIUM COHPLLXES 

J 3aIdas, J Bonnyman, S Co Imanet, 0 Samuels and G A Williams 

Technetium-99m complexes are widely used as functional and imaging agents 
in nuclear medicine. Knowledge of the structure and chemical behaviour of 
these radiopharmaceuticals is central to the study of the mechanisms of in. 
vivo localisation, structure-distribution relationships and to enable the 
design of more effective radiopharmaceuticals. We have thus continued our 
studies of technetium chemistry by the use of the long-lived technetium-99 
nuci de which allows for the complexes to be isolated, characterised and to be 
studied by conventional, chemical, X-ray crystallographic and spectroscopic 

1-9 methods. 

The structures of [AsPh ] [TcN(dto) J and [AsPh ] [lcO(dto) ] (dto = 
6 dithio oxalate) have been determined by X-ray crystallography. The 

2-[TcN(dto)2] and [TcO(dto)2J anions represent the first structural 
V 2+ V 3+ comparison of two complexes containing the Tc N and Tc 0 cores in the same 

co-ordination environment. The Tc = N and Tc = 0 bond distances are 1.613(4) 
and 1.646(4) A, respectively and the displacement of the technetium atom above 
the basal plane 1s 0.647 A for the Tc = N complex and 0.759 for the Tc = 0 
complex. 

Reaction of (NH ) t T c B rc] w i t n Na mnt (mnt = 1, 2-d1cyanoethylene 
dithlolate) and precipitation with AsPh CI gave [AsPh 1 [Tc(mnt) ]. The 

2-[Tc(mnt).] anion is one of few structurally characterised examples of 

technetium complexes octahedrally co-ordinated by three bldentate Ugands. 
It 1s also the first example of a Tc(IV) complex containing a co-ordination 
sphere of sulphur atoms. 

The preparation and properties of [TcN(tu) CI]CI (tu = thiourea) have been 
2 described. This complex 1s very water-soluble and promises to be a useful 

starting material for the preparation, by Mgand exchange, of a wide variety 
of technetium complexes in aqueous solution. 

The hydrolysis of Cs [lcNCI ] 1n hydrochloric add solutions of various 
• 8 acidities has been Investigated. Four distinct hydrolysis regions have been 

established and 1t has been shown that these correspond to four 
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different chemical species. The final hydrolysis product of the [TcNCl4] 
anion has been characterised as a chloride-free nitridotechnetic (VI) acid 
(TcN(OH). or a polymeric structure based on lcON(OH) H O or similar units). 
Nitridotechnetic(VI) acid is readily so'uole in base and in a wide variety of 
organic and inorganic acids. The chemistry of these species is being 
investigated. 

Dissolution of nitridotechnetic(VI) acid in hydrofluoric acid resulted in 
the formation of the [TcNF.] anion which has been characterised by its e.s.r. 

9 - -
spectrum. Attempts to isolate salts of the [TcNF ] and [TcNI.] anions have 
thus far been unsuccessful. 
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99 BIOLOGICAL BEHAVIOUR OF Tc COMPLEXES BASED ON 1HL TcN GROUP 

J Baldas and J Bonnyman 

Studies have been continued into the use, as radiopharmaceuticals, of 
technetium-99m complexes containing a TcN group. Preparation of the complexes 

99m 
can be made via substitution reactions of the TcNCI. ion (1, 2). A 

99m number of TcN-complexes has been prepared and their biological behaviour 
studied (1-5). Early results have shown that the TcN group has a strong 
preference for co-ordinating to soft ligands. Complexes such as hard ligands 
have tended to undergo ligand exchange 'in vivo' and to generally be 
unsuitable for use as radiopharmaceuticals. 

These studies were extended to include a series of nitrogen heterocyclic 
ligands containing a third group; 2-mercaptopyridine, 2-mercaptopyrimidine, 
thiouracil, 6-mercaptopurine and thioguanine (Figure 1). Where possible, the 

99m behaviour of the lc(Sn)-complex of the same ligand was also studied. Ihe 
99m series of ligands studies, thus enables a comparison of the TcN- and 

99m 
Tc(Sn)- complexes with ligands of varying lipophilicity. 

The greatest differences in biological behaviour were found for the complexes 
99m 99m obtained with 2-mercaptopyrimidine. While both the leN- and ic(Sn)-

99m complexes of 2-mercaptopyrimidine were non-polar, the Tc(Sn)- complex 
99m behaved primarily as a hepatobiliary agent while the TcN- complex remained 

chiefly in the blood pool. There was also a marked difference in stability 
99m observed. On standing the Tc(Sn)- mercaptopyrimidine complex rapidly 

99m decomposed to pertechnetate showing the need for the Tc(Sn)- complexes to 
be maintained in a non-oxidising environment for itability. Differences 
between the other complexes, although apparent, were less marked. 

99m 
TcN- mercaotopyrimldine may have potential as a blood cell labelling agent 

1n that > 60°/, of the activity attached to the cell fraction at 30 min still 
remained attached at 6 hrs after injection. A paper outlining the results of 
these studies has been submitted for publication (6). 

99m Work on the labelling ot monoclonal antibodies with lcN is also being 
continued. This work is part of a collaborative project being undertaken with 
the Research Centre for Cancer and lransplantation at Melbourne University. 

99m Currently a number of TcN- chelates are being investigated as potential 
labelling agents to overcome the problem of weak site binding which has been 

99m 
observed when TcNCL is used as the labelling agent (7). 
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Figure 1 Structure of nitrogen heterocyclic ligands. 
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ELECTRON SPIN RESONANCE STUDIES OF TECHNETIUM COMPLEXES 

J F Boas 

The possibility of developing radiopharmaceuticals based on the IcEN core 
has led to a study of the behaviour in solution of complexes based on this 
core. Among the simplest of these complexes are the compounds Cs TcNCl and 
Ph AsTcNCl . The technetium ion is present as Tc(VI), which is paramagnetic, 4 4 
with outer electron configuration 4d . The behaviour of these complexes can 
thus be readily studied using electron spin resonance spectroscopy (e.s.r.) 
and magnetic susceptibility, as well as ultraviolet and visible absorption 
spectroscopy. 

As part of a systematic study of the behaviour of systems based on the 
Tc=N core, optical spectroscopy, magnetic susceptibility, and e.s.r. have been 
used to study the behaviour of Cs„[TcNClc] in aqueous HC1 solutions. In 5.6 

d D -3 mol dm HC1 the predominant species is the [TcNCl..] anion (x 398nm, c 440 K L 4 J v max. 2 -1 m mol ) possibly with H_0 weakly bound trans to the N atom. Addition of 1 
_3 

volume of H„0 to Cs-[TcNClc] followed by 2 volumes of 5 mol dm HC1 gives a d d o 
2 -1 deep blue species (x„,„ 558 nm, c 393 m mol ), which is converted to 

max 
-3 

[TcNCl.] on standing. CsJTcNCL] dissolved in 0.5 mol dm HCI gives a pink 
2 -1 

solution (\ 540 nm, c 215 m mol ) which is stable over several days, lhe 
max 

magnetic susceptibility and e.s.r. measurements indicate that the blue and 
pink species are diamagnetic. Possible structures of the diamagnetic species 
were discussed by analogy to the behaviour of [M0X,J in solutions of varying 
acidity. 

A key observation has been that addition of water to solid Cs [TcNCl ] 
results 1n the formation of a brown precipitate, which can be shown to be free 
of chloride ions. The brown precipitate has been named nitridotechnetic (VI) 
add and has a chemical composition corresponding to TcN(0H)_. 

It has been found that nitridotechnetic (VI) acid 1s readily soluble in 
most other acids. It can thus be readily used to prepare complexes of the 
Tc = N core 1n a variety of different solutions. For example, dissolution of 
TcN(OH) 1n concentrated hydrofluoric acid results 1n the formation of 
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spectral parameters can be used to compare the [TcNF ] anion with the 
- - 3 

analogous [TcN„CL] and [TcNBr.] anions described in earlier work. A 
comparison of the molecular orbital coefficients of the three anions indicates 
that the Tc = N bond length is greater in [TcNF.J than in [TcNCI.J and 
[TcNBr.] . This result could not be obtained by X-ray structural studies, 
since it has so far not been possible to crystallize a compound containing the 
[TcNF.] anion. 

A number of other studies of substitution reactions involving the Tc E N 
core are currently being investigated. 
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CHEHISTRY OF SHORT-LIVED CYCLOTRON ISOTOPES 

P M Pojer 

The experiments aimed at rapid isolation and introduction of fluoride 
anion in organic molecules using anion exchange resins continued. Various 
simple aromatic substrates such as p-dinitrobenzene, p-nitrobenzaldehyde, 
p-nitroacetophenone, o-nitrobenzonitri le, etc. were heated with 
Biorad AG-1 X 8 resin in the fluoride form. Only the p-dinitrobenzene gave 
any fluoro products. The other substrates either failed to react, decomposed 
or became attached to the resin. 

lhese disappointing results have prompted the investigation of Biorad 
AGMP-1 in the fluoride form. This resin is "macroporous" and is expected to 
be more stable and more reactive. 

Reactions using resin in the fluoride form might also be an efficient 
method for the synthesis of 2-fluoro-2-deoxy-D-glucose (2-FDG) a drug 
currently used for brain imaging. 
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M00ELLINS HUMAN CALCIUM TRACER KINETICS USING A MINIMUM OF ASSUMPTIONS 

L H Kotler 

Summary 
A conceptually simple model of human calcium kinetics, based on the 

Bauer-Carlsson-Linquist (B.C.L.) [1,2] expression is presented. The B.C.L. 
model assumes tracer retention in the body occurs either in an exchangeable 
pool or in the skeleton, and that the rate of transfer of calcium from pool to 
bone (mineralisation) is constant. As a modification, it is demonstrated that 
the existence of an expanding calcium pool and its rate of expansion may be 
directly determined from the raw data, without a priori assumptions. If data 
on whole body retention is unavailable, the concept of dermal tracer loss [3J 
as the difference between tracer excretion and whole body retention may be 
used to estimate whole body retention. It has been possible to compare the 
modified B.C.L. expression with various multicompartmental kinetic models by 
analysing raw data supplied by other workers and making comparisons with their 
published results [4,5,6]. As methodologies are very different, the two sets 
of estimates of bone mineralisation rate and exchangeable pool size have been 
ranked within individual groups. The results indicate in 5 out of 6 
comparisons, a rank correlation co-efficient with a p-value better than 0.05 
occurred. In all cases of data analysis from 'normal' subjects, the calcium 
pool was found to be expanding. The existence of an expanding pool renders 
the ntodel similar to a previous one [7], but the present one is conceptually 
and mathematically simpler in achieving equivalent results. 

This is the aostract of a paper accepted by Calcified lissue international. 
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A PROPOSED HETHOD OF ANALYSIS OF THE PULSE-HEIGHT SPECTRA 
OBTAINED FROM IN-VIVO MEASUREMENTS USING NAI(TL) OETECTORS 

L H Kotler 

An important limitation of the Nal(Tl) detector in its sensitivity to a 
241 possible presence of Am or natural uranium in the body, is the relatively 

high count-rate in the low energy region of the pulse-height spectrum. In 
order to increase this sensitivity, a method is being developed, which 
decomposes the pulse height spectrum of an arbitrary subject into a series of 
standard constituent spectra. In principle, the pulse-height spectrum of a 
'normal' uncontaminated subject, is completely specified by a linear 
combination of these standard spectra. Any portion of a subject spectrum, 
which cannot be explained by the combination of the standard spectra, is 
presumably due to the presence of a contaminant source, which may also be 
represented by a standard pulse-height spectrum. The final step in the 
process, is the application of the fitting procedure using the original 
standard spectra, plus that representing the contaminant. If the overall 
procedure is valid, this final step will generate the contributon of the 
contaminant with its associated uncertainties. 

The particular counting configuration of interest, is a measurement on the 
lungs of a subject, using two essentially identical 150 mm x 75 mm Nal(Tl) 
detectors - each placed over a separate lung. An 1n-vivo spectrum is 
specified by four measurements. There are two measurements on the subject, 
prone and supine, plus two backgrounds, before and after these measurements. 

The standard spectra, determined using phantoms, are as follows: 

40 
(a) A spectrum representing the photons which originate from the K 

within the subject, and are not scattered by the subject's body. 

(b) A spectrum representing potass1um-40 photons, or iginat ing witnln the 
body which have Deen scattered by the body. 

(c) A spectrum representing the scattering of the ambient photon f lux 
within the chamber by bulk of the subject. 
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(d) The contribution of the fallout product Caesium-137 to the subject. 

(e) The standard spectrum due to the daughters of radon-222 which plate 
out onto the walls and the detectors etc. 

In addition there is the contribution of very low-energy peaks, not 
present in the standard spectra, probably related to low level noise in tiie 
electronics associated with the detectors. 

In order to test the suitability and reproducibility of the fitting 
procedure, two subjects who did not work with unsealed sources were repeatedly 
measured over a 6 month period. The application of a multiple linear 
regression fitting procedure, with the 6 standard spectra, yielded promising 
results with correlation coefficients always greater than 0.98. However, when 
americlum and uranium spectra were included in the fitting, some false 
positive and negative values were present. The results for repeated 
measurements of both subjects are presented in Tables I and 2. 

These results indicate that the method is not yet suitable for routine 
use. The difficulties probably lie in the manner in which the standard 
spectr* were determined. The use of Monte-Carlo simulations to generate the 
standard spectra 1s probably necessary as such simulations would allow the 
generation of standard spectra more related to subject physique. 

TABLE 1 

Results from Inclusion of Non-Applicable Spectra in Multiple Regression 
Activity for false positive and negative values - Subject 1. 

(Becquerel) 
Date Americium-241 Uran1um-238 

28/10 
4/11 
11/11 
24/11 45 + b 

5/12 - 1 2 + 8 
23/2 
16/3 - 14 ± 9 
30/3 
6/4 
24/5 

49 + 23 
47 + 20 
83 + 23 

- 3 8 + 2 1 

50 + 19 
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TABLE 2 

Results from Inclusion of Non-Applicable Spectra in Multiple Regression 
Activity for false positive and negative values - Subject 2. 

(Becquerel) 

Date Americium-241 Uranium-238 

28/10 1 8 + 6 67 ± 
4/11 — - 44 ± 
11/11 - 12 ± 7 - 31 ± 
24/11 2 4 + 5 — 
1/12 — — 
8/12 — — 
12/1 - 14 ± 9 - 38 ± 
19/1 — 
26/1 — — 
23/2 — 50 ± 
15/3 - 19 ± 8 - 46 ± 
26/3 — — 
12/4 - 51 ± 9 - 38 ± 
21/5 13 t 6 — 
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RELATIVE INTENSITIES OF ALPHA-PARTICLES FROH B1-212 

P A Burns, L J Martin, J F Mika and J R Moroney 

In the radioactive decay of Bi-212 some 36"/„ of disintegrations proceed 
by alpha-particle transitions to low-lying states in 11-208. The ground 
state, and the first-excited state at 40 keV, are strongly fed by these 
transitions, but there is measurable strength to higher states as well. 

Measurements of the relative intensities of the alpha-particles were made 
by magnetic spectrometer in 1933, 1950 and 1959 (Ref 1, 2, 3) and by 
ionization chamber and Si surface barrier detector (S1SBD) in 1961 (Ref 4). 
While the five sets of intensities are consistent within their experimental 
uncertainties (2sigma ~1.5°/ 0), the nuclear data evaluators have given 
preference to the results obtained by SiSBO (Ref 5). A confirmatory 
measurement of substantially Improved accuracy, by Si detector, is desirable. 

The measurement of alpha-particle emission rates using SiSBD can be 
difficult when the alpha-particles are separated in energy by as little as 40 
keV. The problem of extracting the full-energy-peak areas in the recorded 
spectrum is aggravated by the increased peak width and low-energy tailing 
contributed by the SiSBO. Additional spectral distortions are caused by 
coincident and random summing, and require correction. 

Using a technique developed 1n this Laboratory, the shape of the 
full-energy peak for an alpha-particle in the spectrometer was obtained from 
the alpha-transitions to the first-excited state at 40 keV; these events were 
recorded separately by coincidence gating them w i ^ the LX-rays emitted in the 
de-exdtation of the state. The methods for the coincident summing 

6 corrections are discussed in the following research summary . The relative 
Intensities of the six most prominent alpha-particles emitted by B1-212 were 
measured with a four-fold Improvement in accuracy. 
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COINCIOENT SUMMING CORRECTIONS IN THE DETERMINATION OF 

ALPHA-PARTICLE EMISSION PROBABILITIES 

P A Burns, L J Martin, J F Mika and J R Moroney 

in the measurement of alpha-particle emission probability, P(alpha), using 
a Si surface barrier detector, coincident summing with other radiations in the 
detector can cause some alpha-particles to be recorded with apparently 
increased energy. A correction is required for the interference caused by the 
coincident summing. In a measurement taking advantage of the high geometrical 
efficiency possible with Si detectors, the coincident summing terms can amount 
to more than 15 0/ 0 of P(alpha); with proper corrections, however, an accuracy 
in P(alpha) of better than 0.3°/ o (lsigma) is still achievable. 

Because P(alpha) is strongly dependent on the energy available for 
alpha-decay, the most common alpha-particle transitions are those to the 
low-lying states in the ground-state rotational band of the daughter nucleus. 
For many of these states de-excitation is predominantly by internal 
conversion; and an alpha-particle reaching the Si detector might be joined 
there by a gamma-ray, or by any of the other radiations emitted in the 
de-excitation cascade, such as L,M,N and higher shell conversion electrons. 
Auger electrons and X-rays, and including K-shell conversion electrons, Auger 
electrons and X-rays for alpha-transitions to higher energy levels in the 
band. Taken overall, however, coincident summing is more common for 
alpha-transitions to the lower excited states. 

The interference caused by coincident summing 1s most obvious 1n the 
so-called "satellite effect" - due to the summing of the full energies of the 
alpha-particle and a conversion electron (group). A direct experimental 
measure of the magnitude of this summing can be obtained by recording the 
spectrum from the S1 detector 1n coincidence with the x-rays emitted from the 
Internal conversion process. However, it is not always possible, nor 
convenient, to make such measurements 1n P(alpha) determinations. 

The purpose of the present work 1s to develop and present a method, for 
general application, for deriving the coincident summing corrections for the 
radiations of interest; and to demonstrate their accuracy over a wide range of 
geometrical efficiencies by comparing them with experimental values obtained 
by direct measurement. 
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GE0ME1RIC EFFICIENCIES OF CIRCULAR DETECTOR AND SURFACE SOURCE 
ARRANG^NTS - NUMERICAL SOLUTION AND EXPERIMENTAL VERIFICATION 

0 J Wilson and S A Short* 

* ANSTO Research Establishment, Menai, NSW 

Abstract 

A numerical technique of determining the geometric efficiency for circular 
detectors exposed to surface sources is presented. Circular sources are 
primarily considered, but most other surface shapes can be accommodated by the 
technique. Independent laboratory measurements were made using accurately 
calibrated alpha sources and surface barrier detectors, lhe results confirm 
the accuracy of the numerical method. 

(This paper has been published in Nuclear Instruments and Methods in Physics 
Research, A271 (1988) 644-651). 
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INVESTIGATION OF POSSIBLE HAZARDOUS EXPOSURE RF AND ELF SOURCES 

V Delpizzo and M Bangay 

A. MICROWAVE AND SHORTWAVE DIATHERMY 

The survey on the use of these devices in Australia has been completed and 
the results are being published (1). It was found that the practice of 
diathermy in Australia is generally 1n agreement with the requirements of the 
recently published NH and MRC guidelines (2,3) except for the fact that in a 
small number of cases, the operators are untrained. 

B. SMALL MARINE RADARS 

Additional measurements were performed. An information bulletin has been 
published (4). 

C. RESIDENTIAL EXPOSURE TO EXTREMELY LOW FREQUENCY (ELF) MAGNETIC FIELDS 

Several epidemiological studies have Implicated magnetic fields generated 
by the electric power distribution network as a cancer causing or cancer 
promoting agent. Most of these studies relied on classification of residences 
on the basis of the number, size and distances of electrical installations in 
the neighborhood, to provide an indication of the residential exposure. 

This method is very attractive, but doubts have been expressed as to its 
validity, mainly because cf the different wiring practices prevailing in 
different geographical areas. In particular, 1t is not useful if internal 
magnetic field sources (house wiring, appliances) are comparable to the 
external ones. 

This study alms to compare the magnetic fields measured, over a twelve 
month period, in approximately sixty Melbourne dwellings with the exposure 
classification assigned on the basis of the electrical installations coding. 

Measurements of magnetic fields associated with the various stages of the 
electric power distr1out1on network are under way. Some features have been 
noted that will require considerable alterations to the classification 
protocols developed and used in the USA, before they can be used here. 
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Mapping of the visible electrical installations in the immediate vicinity of 
study residences is also being carried out. Automatic magnetic field data 
loggers ore being built. A critical review of the literature on the subject 
is approaching completion. 

0. VALIDATION OF OCCUPATIONAL EXPOSURE TO ELECTROMAGNETIC RADIATION AS 
ASSESSED ON THE BASIS OF JOB DESCRIPTION. 

Epidemiological studies on the health effects of occupational exposure to 
electromagnetic radiation (EMR) in the extremely '.ow frequency to microwave 
range have relied on the job description of the subjects as an indicator of 
exposure. This study aims to validate this approach by surveying the EMR 
levels in the present and past work environment of sixty randomly selected 
subject:,. 

This project is part of an epidemiological study on possible causing 
agents of glioma, conducted 1n co-operation with the Department of Social and 
Preventive Medicine of the Monash Medical School. The Australian 
Telecommunication and Electronics Research Board (ATERB) is also supporting 
this project by means of a grant to employ a technical assistant. 

Although some preliminary work has been carried out, very little progress 
has been made with this project due to the delay experienced in obtaining a 
list of subjects randomly selected from the electoral rolls, securing the 
cooperation of employers, etc. 
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ULTRAVIOLET RADIOMETRY 

H P Gies, C R Roy and 6 Elliott 

Increasing concern about the effects of solar ultraviolet radiation (UVR) 
and the apparent depletion of the ozone layer has meant that the accurate 
dosimetry of UVR is becoming even more important. The ability to quantify UVR 
doses and to detect possible small changes in ambient levels of solar UVR over 
the course of time requires calibration facilities of a high order, and must 
be augmented with a number of different UVR detectors to allow 
intercomparisons. Research is continuing in a number of areas all associated 
with dosimetry of UVR and the protective measures to be adopted in its use. 

(a) Ocular UVR Dose 

Knowledge of the dose of UVR to the eye from ambient solar radiation is an 
important quantity in the epidemiology of cataract development and othor 
symptoms of long term eye damage. Measurements of the anatomical distribution 
of UVR, in particular the eye, have been made using headforms and polysulphone 
thin film dosimeters (1). Sunglasses can provide protection against ambient 
solar UVR. Transmittance measurements of over 200 pairs of sunglasses and ski 
goggles were made and the ocular UVR dose for each pair was calculated (2). 
These calculations indicate that there are a number of situations (eg. high 
reflectance environments) where ocular UVR dose may be large and where 
protection will be required. Of the sunglasses measured almost 10 o/ o did not 
meet the Australian Standard AS 1067 while a considerable number (see Table 1) 
transmit substantial amounts of UVA radiation (see Figure 1). As this 
radiation is invisible to the eye and has been implicated in the production of 
cataracts Its absorption by sunglasses would be beneficial. 

Laboratory safety glasses and protective eyewear are currently being 
examined and the UVR protection determined. A short paper covering the 
standard and various aspects of protection will be published. 

(b) Personal Ultraviolet Dosimeters 

Adoption of the NHMRC recommendations on occupational exposure to UVR for 
outdoor workers will result 1n the need for a simple rugged and effective UVR 
dosimeter. Evaluations of the performance of some electronic ultraviolet 
monitors currently available 1s 1n progress. The accuracy and dose response 
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characteristies have been compared against laboratory UVR radiometers and also 
against spectral measurements made using the solar laboratory double 
monochrorcr.tor system. A paper detailing the advantages and limitations of the 
various devices may be presented at the next ARPS conference. 

(c) Blacklight Sources 

Blacklights are used in industry and commerce as a source of UV-A 
radiation. The UV spectral irradiances of a number of different blacklight 
sources have been determined and the occupational hazards evaluated. The 
results were presented at the 12th ARPS conference, and are being prepared for 
publication. 

(d) Malignant Melanoma and Fluorescent lighting 

A paper summarizing the epidemiological research to date and giving 
measurements of UVR emissions from a number of fluorescent lights in general 
use was presented at the 12th ARPS conference and a manuscript has been 
written. However, further measurements on a collection of fluorescent tubes 
used during the 1950s and 1960s will be made and these will be included in a 
revised manuscript. 

(e) Visual Oisplay Terminals 

A technical report covering all the measurements made to date at ARL on 
the radiation emissions from visual display terminals (VDTs) is almost 
complete. No further measurements will be undertaken. 

(f) Bilirubin Lamps 

The spectral distributions of a number of bilirubin lamps used for 
Irradiation of infants with neonatal jaundice in hospitals were measured 1n 
order to determine their UVR hazard potential. At this stage it 1s still 
unclear which wavelengths are most effective at reducing blood bilirubin. The 
general view is that the peak response occurs in the blue light region (at 
about 450 nm), though a number of researchers have suggested wavelengths in 
the green region as being the most effective. Lamps which produce large 
quantities of blue light without also producing significant UVR are rare, so 
adequate protection may need to be provided with each of the units. Some in 
situ radiometric measurements are still to be made at the Monash Medical 
Centre and a paper dealing with the results will be submitted to Radiation 
Protection in Australia in early 1989. 
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: Spectral transmittance curves tor a number ot sunglasses measured 
The sunglasses are numbered as follows: 

No. 1 - fails AS1067 
Nos. 2,3 Category 2 (passes AS1067 but transmits more than 5°/ 0 UVR) 
Nos, 4,5 Category 3 (passes AS1067 and transmits less than 5 V UVR) 
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TABLE 1 

Summary of Sunglasses Tested 

Manufacturer No. Tested No. Failed * Rating 2 ** Rating 3 

Bolle' 2 - - 2 
Jonathan Sceats 2 - 1 1 
Le Specs 20 - 13 7 
OPSH 6 - 5 1 
Polaroid 25 - - 25 
Prestige 17 1 11 5 
Ray Ban 9 - 2 7 
Sunnyshack 6 - 4 2 
Sunoroid 5 1 2 2 
Sunski 2 - 2 -
VYI 23 1 15 7 
Zeiss 6 - 6 -
Others 25 3 15 1 

No Brand 82 9 52 21 

Total 230 15 128 87 

* The sunglasses were compared against the UVR transmittance requirements 
of AS 1067 and if they did not meet all of these requirements were graded 
as failed. 

** Rating 2 sunglasses passed the transmittance requirements of AS 1067 but 
had UVA transmittances in excess of 5°/ 0. rtating 3 sunglasses passed AS 
1067 but had UVA transmittances of less than 5°/ . 
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MEASUREMENT OF SOLAR ULTRAVIOLET RADIATION 

C R Roy, H P Gies and G Elliott 

INTRODUCTION 

The UV spectrum is by convention divided into three regions on the basis 
of wavelength i.e. UVC (100-280 nm), UVB (280-315 nm) and UVA (315-400 nm). 
Outside the earth's atmosphere radiation from all three bands is present. 
However, the atmosphere acts as a very efficient f i Iter in that a 11 the UVC 
and half of the UVB is removed and the remaining UVB and UVA is attenuated. 
One of the most important components of this multi-element filter is ozone -
its abundance in the atmosphere governs the extent to which UVB is removed. 

The earliest discussions of the consequences of stratospheric ozone 
depletion have centred on the effect on skin cancer rates. It has long been 
known that any decrease in the amount of ozone in the upper atmosphere will 
increase ultraviolet radiation in the UVB band at the earth's surface. UVB 
radiation damages DNA, proteins and membranes, so that almost any living 
organism will be influenced by a change in irradiance over this wavelength 
range. 

As a result of increased concern over the possible depletion of 
stratospheric ozone and concomitant biological effects such as an increased 
incidence of skin cancer, the scope of the solar ultraviolet radiation 
measurement programme is being extended. 

Experimental details are given for both the spectral and broadband 
measurements. Some typical results are also provided. The results obtained 
from a simple model, based on the work of Green et a I (1,2), will be compared 
with solar spectral power distributions measured at Yallambie. The model will 
be used to calculate the effect of changing ozone amounts on the UV flux. 

EXPERIMENTAL METHOD AND RESULTS 

Broadband measurements 

(a) solar radiation - total sun and sky radiation are measured with an Eppley 
precision spectral pyranometer. This has a spectral response covering the 
0.285 - 2.8 micron region, 
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(b) solar UVR - monitored continuously with an Eppley UV radiometer. This has 

an interference filter which limits the spectral response to the 295-385nm 
wavelength interval, 

(c) UVB is measured with an International Light UVB (280-315nm) detector which 
incorporates a solar blind vacuum photo-diode, UVB filter and a quartz 
diffuser, 

(d) 'Actinic UVB' is measured with an International Light detector which is 
similar to (c) but with an actinic filter which attempts to mimic the 
erythemal response of the skin. 

All four radiometers are interfaced to a datalogger which stores data as 
10 minute averages. 

Six such solar radiation detection units have been constructed; units 
have been installed at Mackay (21.1 S), Brisbane (27.5 S) Yallambie (38 S) 
and units will be installed at each of the main Australian bases (Casey, Davis 
and Mawson) in Antarctica. At the remote sites data is written on a 32K RAM 
cartridge and data is transferred to Yallambie weekly. 

The daily and annual variation of UVR and UVB is given in Figure 1. It 
can be seen that in summer during the five hours centred on solar noon 59 and 
70°/ o of the daily total of UVR and UVB respectively is received - this has 
Important implications for the outdoor worker (see Roy et al (3)). 

Spectral Maasurements 

Solar UVR spectral measurements are made at Yallambie (38 S) using a 
microcomputer controlled spectroradiometer incorporating a Spex I680B double 
monochromator (DM). The DM contains two 50 x 50 mm, 1200 grooves/mm gratings 
blazed at 250nm, resulting in a dispersion of l.8nm/mm and a maximum 
resolution of 0.2nm. The detector is an EMI 9653QA end-on PMl which is held 

o at -IOC. The current is measured with a Keithley 616 Digital Electrometer. 
The typical dark current is 50 picoamps which results in a noise equivalent 

2 spectral irradiance of approximately lpW/m nm at 300nm. Input optics consist 
of a 100mm integrating sphere coupled to the DM entrance slit by a lm liquid 
light guide. The sphere is raised into position thrugh a hatch in the 
laboratory roof and global UVR measurements are made at solar noon on 
cloud-free days. The diffuse component of this radiation is also determined 
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by making alternate measurements with an occulting band in place. Scans are 
made at lnm intervals over the range 280-400 nm with a bandwidth of 1 nm. At 
each wavelength data is collected and averaged until the required standard 
deviation is met. Calibrations are performed in-situ using a calibrated 100W 
quartz halogen lamp. All data is stored on disk for eventual transfer to the 
ARL computer. 

A typical spectral power distribution for solar UVR is shown in a linear 
plot in Figure 2. The measurement is of global radiation (direct plus 
diffuse) incident on a horizontal plane. 

Model Calculations 

Green et al (1,2) have developed a semi-empirical analytic formula for 
calculating the direct, diffuse and global solar middle-UVR (280-340nm) 
reaching the ground. The formula accommodates variations in wavelength, solar 
angle, ozone thickness, ground albedo, ground elevation and cloudiness. The 
model has been extended to cover the wavelength range 280-400 nm and now uses 
experimentally measured extraterrestrial solar spectra in place of an 
empirical representation. 

Figure 2 shows a comparison of measured and calculated results for 
Yallambie. It is clear that the model is a useful representation of the 
measured data and it can be used to calculate the effect of changing ozone on 
the global spectral irradiance. 

Model calculations for ozone amounts of 0.320, 0.300 and 0.280 cm for 
December at Yallambie are also shown, lhese calculated spectral irradiances 
have been weighted by the CIE erythemal effectiveness curve and the results 
are given in Table 1. 
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TABLE 1 

(a) Wavelength range 280 - 315 nm 

OZONE 
cm dec. 
.320 
.300 b.25V, 
.280 12.5V_ 

IRRADIANCE 
w/m2 i nc. 
1.498 
1.582 5 . 6 1 V . 
1.6/1 11.55°/ 

EFFECTIVE IRRAO. 
mw/m2 inc 
145.7 
159.9 14.2 ( 9.75V.) 
175.9 30.2 (20.73V.) 

(b) Wavelength range 280 - 340 nm 

.320 

.300 

.280 

13.18 

b.25V„ 13.37 
1 2 . 5 V . 13.50 

186.b 

1 .4V . 203.4 14.8 ( 7 . 8 5 V . ) 
2 .43° / 

O 
220.0 31.4 ( 1 6 . 6 5 V . ) 

From the above it can be seen that most (>95V.) of the effect of ozone 
depletion is found in the 280-315 nm range. The simple model calculation 
shows that for summer in Melbourne a 1 V C increase in ozone abundance results 
in an approximate 1.7V 0 increase in effective irradiance - this is the 
"radiation amplification" that is often referred to. 

References 
1. Green, A E S, Swada, T and Settle E P, "The middle ultraviolet reaching 

the ground", Photochem. Photobiol. 19, 251 - 259, 19/4. 

2. Green, A E S, Mo, J and Miller, J H, "A study of solar erythema radiation 
doses", Photochem. Photobiol. 20, 473 - 482, 1974. 

3. Roy, C R, Gies, H P and Elliott, G, "Solar ultraviolet radition : personal 
exposure and protection", J Occup Health Safety - Aust NZ 4, 133-139, 1988. 
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PLUTONIUH CONTAMINATION AT MARALINGA 

P A Burns, M B Cooper, P N Johnston. K B Marshall, B L Tracy 
M j Wilks and G A Williams 

During 1987, the effort of the Laboratory in this project has largely been 
directed to work on an assessment of the inhalation hazard posed by plutonium 
contamination at the former atomic weapons test sites at Maralinga and tmu in 
South Australia. This work has been commissioned by the Technical Assessment 
Group (TAG) set up by the Commonwealth Government to advise on options for 
rehabilitation of these areas and data obtained under the study are not yet 
available for public dissemination. The main experiments performed under this 
study are detailed below. 

Soil Characterisation 

A total of 14 sites of areas 100 x 100 m were defined around the Taranaki 
site, the area of major plutonium contamination. These sites are distributed 
at varying radial distances from the points at which plutonium was explosively 
dispersed, along the four main plume directions. The distribution of the 
contamination has been determined over these areas by a soil sampling and 

TABLE: ACTIVITY AND MASS DISTRIBUTIONS FOR SOIL BELOW 45 MICRON 

241 The overall Am concentration is 2.9 Bq/g 

size range V 0 mass "/„ activi ty specific activity 

(micron) 241 (Bq/g Am) 

< 3 2 1 1.6 
3 - 4 2 1 1.5 
4 - 6 11 7 1.8 
6 - 12 17 15 2.5 
12 - 17 18 15 2.4 
17 - 27 19 14 2.2 
25 - 45 31 47 4.4 
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gamma-spectrometry programme, and the depth profiles of plutonium 
contamination have been similarly obtained. The soil from these sites has 
been characterised into a range of particle sizes by sieving and the fine 
fraction (< 45 micron) has been further charaterised into particle sizes by 
use of a Bahco microparticle classifier. On average, for purposes of the 
assessment of the inhalation hazard, it is this fine fraction which is 
significant and typical characteristics for a sample from the 1.5 km site on 
the north-west plume are given in the above Table. 

Ambient Dust Sampling 

Ambient dust loadings and air-borne activity concentrations have been 
sampled by use of both high and low-volume dust samplers. A total of six 
high-volume dust samplers have been used in rotation at the 14 sites described 
above, as well as at the Tadje site which has residual plutonium contamination 
from an atomic explosion, and at the Kuli site where uranium and beryllium 
were explosively dispersed. The high-volume samplers have been used during 
field trips to Maraiinga in April, May, August and November 198/. During the 
November field trip, several severe dust storms were experienced and dust 
loadings were observed to be appropriately high. Ihe high-volume filters have 
been assayed by high-resolution gamma-ray spectrometry to give activity 
concentrations of plutonium, amerlcium and uranium. 

Eight solar-powered low-volume dust samplers were commissioned in June 
1987 at the sites Taranakl, Tadje, TH100, TM101, Wewak, TM50 and Kuli at 
Maraiinga, and at Emu. These units are wind-triggered to operate at wind 
speeds above 7 m/s. Filters have been changed at approximately monthly 
intervals, and will be used to give annual dust-loadings for the eight sites. 

Artificial Dust Raising 

An apparatus has been designed and commissioned to generate high levels of 
airborne dust in a reproducible manner from soil which is introduced via a 
hopper. The dust cloud is sampled by means of a cascade impactor and a 
dlchotomous sampler 1n order to characterise the airborne material in terms of 
mass and activity. The feed soil, taken from various areas around the 
Taranaki site of plutonium contamination, is similarly characterised for mass 
and activity distributions with particle size. It is planned to conduct 
further artificial dust raising experiments at other sites to provide 
representative sampling for the Maraiinga area. 
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Modelling 

The data obtained from the various experiments described above will be 
used to model the radiation dose arising from the inhalation of plutonium as a 
result of different scenarios. At this stage, little effort can go into this 
phase of the study in the absence of complete data, although thought has been 
given to define what data will ultimately be required. 

Publication 

Burns, P.A., Cooper, M.B., Williams, G.A., and Lokan, K.H., 'Radioactive 
Contamination at Maralinga', 7th Int. Congress of IRPA, Voi. Ill, pp. 
1374-1377 (1988). 
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RADIOACTIVE CONIAM1NA1ION IN THE OAK VALLEY AREA 

J R Fry, P N Johnston, K H Lokan, C K Richardson and G A Williams 

At the request of the Pitjantjatjara aboriginal people, traditional owners 
of the Muralinga Tjaratja lands, a field study is currently being undertaken 
to assess whether any radiological hazard exists in the Oak Valley area, near 
Maralinga in South Australia. This field study, funded jointly by the 
Australian Radiation Laboratory and the Department of Primary Industries and 
Energy, is being undertaken as a result of concern expressed by the people of 
the area about a possible health risk from the British atomic tests conducted 
during the 1950s and 1960s at Maralinga. 

Experiments involving nuclear devices, containing plutonium, were carried 
out at laranaki during 1960-1963 and were known as the Vixen B minor trials. 
Some of the plutonium used in these experiments has contaminated Maralinga 
Tjarutja lands. Following concern from people employed at Oak Valley some 
soil sampling was undertaken. This showed a minute trace of plutonium at Oak 
Valley which is very unlikely to pose a radiological hazard to health. 
Further soil sampling within the Maralinga ljarutja lands showed higher levels 
closer to the former atomic test site. Also it became apparent that the 
contamination was in the form of discrete particles. Because of the low 
surface concentration of these particles the level of contamination could not 
be adequately assessed using standard soil sampling techniques. 

Soil sampling was replaced by measurements using a portable 
high-resolution hyp^r-pure germanium detector (Ge[HP]) because of the random 
nature of the low-level contamination. This method looks at surface area of 
several square metres and is therefore more suited to the measurement of low 

239 surface concentrations that 1s soil sampling. Plutonium-239 ( Pu) is not 
detected directly by gamma-ray spectrometry because of the low abundance of 
gamma-rays 1n Its decay. The Ge[HP] detector method uses the 59.5 keV 

241 239 
gamma-ray of americium-241 ( Am), a contaminant in the plutonium. Pu 

241 actlvltes are estimated using the recorded Am activity densities 1n 2 kilobecquerel per square metre (kBq/m ) and multiplying, at present, by a 
factor determined as about 10. 

It 1s not possible at this stage, in the absence of a full dose/risk 
assessment specific to the Maralinga situation, to make definite conclusions 
about the health Implications of these low levels of plutonium found on 
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Maralinga Tjaratja lands. However, a comparison can be made with the 
recommendation of the U.S. Environmental Protection Agency (1985) that 
concentrations of plutonium in soil below 0.5 Bq/g are considered safe for 
unrestricted access. This, however, is not necessarily appropriate for an 
aboriginal lifestyle. Assuming that all of the plutoniur is in the top 
centimetre of soil, the level of 0.5 Bq/g corresponds to a oncentration of 

2 2 241 
8.5 kBq/m of plutonium of about 0.85 kBq/m of Am. 

Up until March 1988, 6e[HP] detector measurements have been made in nine 
geographical areas as shown in Figure 1. Data recorded so far indicate that 

241 2 
in areas 4 to 9, activity densities of Am are below 0.85 kBq/m and range 

2 between 0.77(5) kBq/m down to the detection limit (approximately < 0.1 2 kBq/m ). At Oak Valley, area 7, all measurements to date have been below the 
limit of detection. Areas 1 and 2 are currently being assessed under a 
different project and measurements here were carried out for equipment checks 
and comparison purposes only. The distribution and extent of plutonium 
contamination on present day aboriginal lands, to the north and north-west of 
the former atomic test-site, will eventually be determined from these and 
further measurements on the above lands. 

Figure I Map of the area studied. 
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A MODEL FOR I HE ESTIMATION OF PLUTONIUM CONCENTRATIONS IN SOILS 

K N Wise 

INTRODUCTION 

A fast experimental method for determining local concentrations of 
plutonium in soil uses the abundant (36°/ 0) emissions of 59,5 keV gamma rays 
from Americium-241, a decay product of plutonium-241. In principle, these 
measurements, when combined with laboratory measurement of plutonium 
concentrations in soil samples should lead to sound estimates of the amount of 
Plutonium in a region. Unfortunately, measurement of plutonium concentrations 
in the environment are difficult due, in part, to the high variability of 
plutonium concentrations between soil samples even at one location. Gilbert 
and Doctor (1985) have shown the influence of the particulate nature of 
Plutonium contamination on laboratory procedures for the measurement of its 
concentration 1n soil. This report discusses the development of a model for 
soil contaminated by particulate plutonium. 

THE DATA 

Plutonium was explosively dispersed to the environment at MaraMnga in a 
series of 12 'minor' atomic weapons trials at the Taranaki site. In the 
surveys undertaken by ARL during 1984 and 1985, a large area (1.5km X 0.8km) 
of the Taranaki site at Maralinga was extensively investigated. A rough 
measure of the variation of plutonium concentrations was obtained from a 
survey which used a Nal detector to sample, at locations on a 20m grid, 
emissions from americ1um-24l during a 30-second interval. At every fourth 
point, soil samples were taken with a corer 84mm diameter and 25mm deep. 
Inspection of point plots of the measurement results on a 20m grid shows the 
raw data to be very chaotic. Viewed as a whole, the measurements are 
non-uniform with large areas of systematically high values, (such as near the 
locations of the firing trials), along with tracts of systematically low 
values (such as near the outer regions of the survey grid). Before the nodel 
can be applied, it is necessary that the region surveyed be divided into 
relatively homogeneous blocks. To do this the Nal detector data were smoothed 
and then the smoothed data plotted as contours before dividing the survey 
region Into blocks by visual Inspection. Figure I presents the blocks chosen 
superimposed on a contour representation of the Meld data. 
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MODEL DEVELOPMEN1 

The simplest model assumes that activity is confined to particles which 
are uniformly and randomly distributed through the soil at a rate x per unit 
volume of soil. Further, the particles have activities which are randomly 
distributed with probability density function (pdf), k(a)=Bexp(-0a). lhis 
model leads to the pdf of the soil sample activity and of the Nal detector 
measurement results (see Wise and Kabaila (1988) for details) and therefore 
maximum likelihood methods can be applied to estimate the model parameters and 
their uncertainties. The model is easily extended to contamination by more 
than one 'type' of particle with each type being characterised by a surface 
density \ and mean activity 1/8. 

The statistical approach also provides a means for testing the adequacy of 
a one-component model by first estimating the parameters from the pdf for the 
soil sample activity and another set of parameters from the pdf for the Nal 
detector data. The estimates obtained are significantly different and it can 
be concluded that a one-component model is Inadequate. Therefore, a 
two-component model is proposed; estimates of model parameters may be 
obtained using the density functions for the observations when the 
contamination 1s of two 'types'. Table 1 summarises the estimates of model 
parameters and their standard errors obtained 1n this way. 

DISCUSSION 

The model suggests that the contamination is, broadly speaking, of two 
types: 

(a) a low activity component characterised by mean particulate activities 
ranging from 0.006 to 0.4 kllobecquerel and number densities, to a 
depth of 25mm, ranging from 100 to 2000 per square -»etre, and 

(b) a high activity component characterised by mean particulate 
activities ranging from 9 to 2500 kilobecquerel and number densities, 
(to a depth of 25mm), ranging from 1 to 30 per square metre. 

A closer inspection of the results suggests that the contamination of the 
Taranakl region can be divided into regions of low, moderate and high 
concentrations of plutonlum in soil. The regions of highest concentrations 
occur near the sites of the firing trials (blocks c, G, H and l) while the 
lowest concentrations are mainly in the outer areas of the region surveyed 
(blocks A, F, L and M). 
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One of the implications of these results is that the density functions for 

the measurement of soil activity or of Nal detector counts are very peaked and 
skewed markedly to the right suggesting that a single measurement is 
unreliable as an indicator of local contamination. Calculations which take 
into account the distributions of the activities of each 'type' of particle 
show that, if measurement of the contamination was by soil sampling only, 
several hundred samples need to be taken for the sample mean to be acceptably 
close to the actual mean. For economical assessment of local levels of soil 
contamination, soil sampling, which is effective for the low activity 
component, must be combined with field measurements of gamma radiation. 

References 

Gilbert, R.O. and Doctor, P.A. (1985). Determining the number and size of 
soil aliquots for assessing particulate contaminant concentrations. Journal 
of Lnvironmental Quality 14, 286-292. 

Wise, K.N. and Kabaila, P. (1988). The estimation of plutonium concentrations 
in soil. Ihe Australian Journal of Statistics (in press). 

Figure 1 Chosen blocks superimposed on a contour representation 
of the field data. 
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TABLE 1 

Parameter estimates and standard errors from soil activity and 
Nal detector data derived from two-component model 

Region Parameter estimate and standard error 
used First component Second component 

-1 -1 -l -1 
K(ml ) 0(Bq ) X(ml ) B(Bq ) 

A I.5E-3 ± 3.6L-4 9.9E-2 ± 3.0E-2 l .bt-4 ± 2.5E-5 9.9E-5 ± 2.4E-S 

B 1.2E-2 ± 4.3E-3 9.9E-3 ± 3.1L-3 I.3E-4 ± 3.6E-5 2.3E-S ± 7.8E-6 

C 1.1E-2 ± 2.5E-3 4.5E-3 ± 8.5E-4 1.IE-4 ± 2.bl-b b.0t-6 ± 1.6E-6 

D 7.9E-2 ± 2.4E-2 9.5E-2 ± 2.8E-2 1.3E-3 ± 2.0E-4 I.4E-4 ± 2.4E-b 

E 2.8E-2 ± 7.2E-3 4.2E-2 ± I.OL-2 5.6E-4 ± I.2E-4 I.4E-4 ± 3.0E-5 

F 1.1E-2 ± 2.0E-3 3./E-2 ± 5.9E-3 2.3E-4 ± 4.3E-5 1.7E-4 ± 3.8E-5 

G 2.0E-2 ± 6.0E-3 4.7E-3 ± 1.3E-3 7.6E-5 ± 1.2E-5 2.0E-6 ± 8.7E-7 

H 9.1E-3 ± 1.6E-3 2.2E-3 ± 3.6E-4 5.8E-5 ± 1.3E-5 1.3E-6 ± 4.5E-7 

I 1.1E-2 ± 2.3E-3 4.3E-3 ± 8.3E-4 4.1E-5 ± 1.2E-5 1.0E-6 ± 5.2E-7 

J 1.4E-2 ± 3.4E-3 1.5E-2 ± 3.5E-3 1.1E-4 ± 3.2E-5 1.7E-5 ± 6.9E-6 

K 1.3E-3 ± 2.9E-'» 6.0E-3 ± 1.3E-3 7.0E-5 ± 1.5E 

L 1.8E-3 ± 3.IE-4 2.5E-2 + 3.6E-2 1.3E-4 ± 2.IE 
M 7.3E-3 ± 1.9E-3 1.2E-2 ± 2.7E-3 8.3E-5 ± 2.5E 

N 2.7E-3 ± 3.7E-4 3.3E-3 ± 4.1E-4 6.8L-5 ± I.3E 
P 3.4E-3 ± 8.2E-4 3.4E-3 ± 7.9E-4 5.0E-5 ± 1.8E 

1 .7E--5 + 5 8E--6 

8 .3E -5 + 2 .0E--5 

1 .6E--5 + 6 9E--6 
7 .9E -6 + 2 3E--6 
7 .0E--6 + 3 7E--6 

NOTE: x.xE-n means x.x 10 
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DETERM1NA1I0N OF PHYSICAL DATA FOR RADIONUCLIDES IN THE ENVIRONMENT 

I S Leith 

CONSTRUCTION AND TESTING OF THE WINOOWLESS SI(LI) DETECTION SYSTEM 

The design of the ultra-high vacuum, liquid-nitrogen cooled facility has 
been previously reported. Orders were placed with two companies to construct 
separate parts of this facility. There was considerable delay in the manufacture 
of the cryostat/gate valve assembly and difficulty in adapting the two parts. The 
complete assembly did not meet its specifications with regard to leak-rate by a 
very large margin and a long program of leak detection and elimination began in the 
latter part of this year. Due to the low conductance of some of the structure 
(e.g. the dipstick) and the limiting design of the primary pumping group, the 
source of all leaks could not be discovered using the testing equipment available. 

LITERATURE REVIEW 

A review of all earlier published reports of measurements and calculations 
of the Bi L X-ray intensity following decay of Pb-210 was completed. The accepted 
values are those measured by Stahel [2] and Fink [3j. lhe values of both were 
re-calculated using the better-known recently-calculated values of the theoretical 
parameters employed (as far as possible, using the information given in their 
published reports). When the resultant values were compared, the value attributed 
to Stahel's work was no longer consistent with that of F1nk and doubt was thrown on 
the certainty of the whole body of previous measurements of the total B1 L X-ray 
intensity following decay of Pb-210. Calculations of this parameter were also made 
by means of relationships with other decay parameters of Pb-210. These values were 
compared to a weighted mean of all measurements made (using the 'corrected' values 
for Stahel and F1nk and estimating uncertainties of early work for which no 
uncertainties were given). The value calcu.ated from the best measurements of 
other parameters equalled the weighted mean value of the direct measurements. The 
value calculated from the best theoretical values of the minimum number of 
parameters differed by 9.6°/„. 

As the calculations had required the searching and evaluation of most of the 
other decay data of Pb-210, the remaining data was evaluated and a comprehensive 
paper presented at the 12th Annual Conference of the Australian Radiation 

[4] Protection Society 
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PRELIHINARY HEASUREHENTS OF RADON IN AUS1RALIAN HOHES USING A 

CHARCOAL-BASED MONITOR 

S B Solomon, J R Peggie, P M Pojer and K N Wise 

There is currently little data published on the magnitude and geographical 
distribution of radon exposure for dwellings within Australia (Ke84, Pa86). 
The Australian Radiation Laboratory (ARL) is presently carrying out an 
Australia-wide survey of natural radiation in domestic dwellings. 
Approximately 4000 homes, randomly selected, are being surveyed for a one year 
period using a passive radon monitor containing a nuclear track detector. To 
address the lack of data, in the period prior to the completion of the one 
year survey, a number of preliminary measurements of radon in domestic 
dwellings were carried out, using a charcoal-based, passive radon monitor 
developed at the Laboratory. These measurements were limited to homes in 
three cities and two towns and were for an exposure period of b days during 
winter. 

Charcoal-based passive radon monitors have been used by many workers to 
assess integrated radon exposure for periods of up to 10 days (Co86, Ge84, 
Pr85). The monitor developed at the Australian Radiation Laboratory is a low 
cost variant of this type of monitor. The monitor comprises a plastic cup, 
with an air-tight lid, together with 25 gm of activated charcoal, held in 
position at the bottom of the cup by a 5 cm thick foam rubber pad. This foam 
pad also acts as a diffusion barrier, with a diffusion time constant of 40 
hours. The development and calibration of this monitor is described 1n detail 
elsewhere (Po88). 

Each monitor was filled with 25 gm of charcoal which had been degassed for 
o 16 hours at 200 C, covered with a foam pad, then sealed with a close-fitting 

I1d. These lids were removed at the sampling location and the monitors 
exposed for a period of 6 to 8 days. At the completion of the sample the lids 
were replaced and the monitors returned to the laboratory for counting. The 
exposed monitors were gamma-counted for 50 minutes each and the derived 
activity corrected back to the end of sampling. 

These charcoal cup radon monitors were used to survey homes 1n three 
cities and two towns 1n a number of States around Australia. The distribution 
method was chosen for convenience and was not designed to provide a random 
sampling of a particular location. The exposures were restricted to periods 
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of 6 to 8 days and may be affected by seasonal variations. The derived radon 
concentrations should be indicative of general trends, but they may not be 
truly representative of the Australia-wide yearly average radon exposure. 

Volunteer households were given a questionnaire by a central contact in a 
government laboratory or university department in the particular city or area 
under study. This questionnaire covered details on the construction of the 
dwelling to be surveyed. Following the return of these forms, the 
participants were provided with a radon monitor. I hi s monitor was exposed in 
their home and the exposure details recorded on a label on the cup. The 
monitors were returned to the appropriate central contact, who then returned 
all the monitors to Melbourne for counting. This survey method ensured rapid 
distribution and collection of the monitors and minimised possible delays. 
Preparation and counting of the monitors was carried out at the Australian 
Radiation Laboratory, providing consistency in measurements from different 
locations. 

Measurements were made in the cities of Melbourne (67 homes) and Sydney 
(45 homes) on the east coast and Perth (45 homes) on the west coast of 
Australia. Two small towns in areas known to have increased uranium content 
were also surveyed. Jabiru (43 homes) is situated close to the Ranger uranium 
mine and Armidale (55 homes) is situated in an area of granitic rock, 
containing uranium and thorium in higher thar. average levels. The mean and 
median radon concentrations in these homes for the period samples are 
summarised in Table 1. The highest radon concentration measured was 395 

3 Bq/m . The derived median and geometric mean values for the combined data 
3 were 2b and 17 Bq/m , respectively. 

TABLL 1 

Average Radon Concentrations for Australian Homes 

Radon Concentration (Bq/m 1 Radon Concentra 
Median 

Location 

Melbourne 
Melbourne 
Sydney 
Perth 
Jabiru 
Armidale 

No. of Homes 

47 
20 
45 
45 
43 
55 

Month 

March 
July 
July 
May 
May 
August 

46 
18 
22 
20 
27 
15 

Geometric Mean 
53 
19 
21 
15 
19 
10 
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Within the limitations of this preliminary survey, a number of general 

trends in the measured radon levels can be observed. The locations surveyed 
were geographically widely separated, in some cases by many thousands of 
kilometres. Climate ranged from tropical (Jabiru) to temperate (Melbourne), 
with widely varying local geology. Despite these differences, the derived 
average values for each city and town were remarkably uniform. The variation 
in the average concentrations for the two Melbourne surveys can be attributed 
to the short exposure periods and possible seasonal variations in ambient 
radon levels. In general, Australian homes are well ventilated. For the 255 
homes surveyed 43°/„ were ouilt on a concrete slab and 51°/ 0 had floors 
supported on joists with a crawl space. Less than 4°/ 0 of homes had some form 
of basement. 
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NAI10NAL RADON-IN-HQHES SURVEY 

M K Langroo, K N Wise and J t Duggleby 

INTRODUCl ION 

In recent years the significance of the radiation dose to the general 
population from exposure to radon in domestic dwellings has been recognised 
(1)(2). High radon concentrations may be produced by certain characteristics 
of the soil and building materials and by lack of adequate ventilation; these 
can produce relatively high radiation exposures to the occupants (3). Surveys 
and investigations overseas have pinpointed various factors leading to high 
doses but living conditions vary so much from place to place that it is not 
possible to reliably apply those factors to Australia. It was therefore 
considered important to carry out a national survey in Australia. 

PRE-SURVEY WORK 

A monitoring device to measure both radon-in-air concentration and the 
background gamma-radiation dose-rate in homes was developed and tested in the 
laboratory. The radon-in-air concentration is measured by a strip of CR-39, a 
thermo-setting polymer sensitive to alpha particles and the gamma-radiation 
dose-rate is measured by a CaSO :Dy thermoluminescent dosemeter disc. I he 
strip and the disc are contained in a standard screw-top jar which is placed 
in the living area of the home for twelve months before being returned to the 
Laboratory for assessment. A questionnaire on the characteristics of the home 
1s completed by the occupier and, when the data from all monitors have been 
obtained, they will be examined for correlations between radon concentrations 
and the home characteristics. 

In late 1986 and early 1987, a pilot survey was carried out with 200 home 
occupiers being approached by letter. Sixty seven responded and took part in 
a survey over a three month period. Experience gained in the pilot survey was 
used to finalise the procedures for the main survey. 

ACTUAL SURVEY 

I'jlng a random 11st of home occupiers, supplied by the Australian 
Electoral Commission, which gave a representative distribution throughout 
Australia, a total of twelve thousand invitations to participate 1n the survey 
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were sent by mail. This produced a positive response from 3800 home occupiers 
and monitors were sent to these respondents at the rate of about 120 per week, 
beginning in September 1987. It is anticipated that all monitors will be 
returned by mid-1989 and that data will have been obtained and collated by the 
end of 1989. 
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