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FOREWORD 

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 
individuals concerned. 

Donald W Keam 
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URANIUM, RADON AND ITS DAUGHTERS 

* 



DEVELOPMENT OF THE YEELIRRIE EXPERIMENT 

R S O'Brien, S B Solomon, K H Lokan, L J Martin, T H Gan, 
J D Osborne and F A Forgione 

INTRODUCTION 
A preliminary analysis of data obtained from the August 1982 field trip to 

Yeelirrie showed that there were several problems with the data-acquisition 
control program and that some of the measuring equipment was still not working 
satisfactorily. In addition it became obvious that a major priority was the 
purchase and installation of a solar cell array to allow the experiment to run 
unattended for long periods. 

LABORATORY WORK 
Examination of data obtained from the 1982 trip showed that there were 

several errors in the code of the data acquisition control program, and that 
some changes to the data acquisition sequence were necessary. A Z-80 
micro-processor (similar to the field system) was used in the laboratory to 
run the control program and test all the changes which were made to the 
program code and logic, using a pseudo-random number generator to simulate the 
measuring devices and buffer modules on the data bus (O'Brien et al, 1982). 
The revised program was then put into a set of CMOS ROM's ready for 
Installation in the field computer. 

The housings for the fast temperature sensors were completely redesigned, 
to make the sensors more accessible, to reduce the size and weight of the 
mounting and make the whole device more rugged. 

A solar power system was purchased. This consisted of a set of lead-acid 
batteries with a total charge storage capacity of 300 ampere-hours, together 
with a solar cell array with an average charging capacity of 55 ampere-hours 
per day and a control unit designed to prevent the storage batteries from 
overcharging. 

Preliminary development of the computer soft-ware needed for analysing the 
data was carried out. Programs for controlling the transfer of data from the 
cassettes (received from Yeelirrie), then checking for tape read errors and 
storing the data in a compressed form for later analysis have been written. 
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FIELD WORK 

Field trips were made to Yeelirrie in July and November. During the July 
trip the meteorological tower and all measuring devices were refurbished. The 
two modified fast temperature sensors were placed on the tower. The solar 
power system was installed and the revised data-acquisition control program 
was installed in the Z-80 micro-processor. For the remainder of the trip the 
entire system was run with the aim of testing the system under field 
conditions and acquiring as much data as possible. Approximately five days of 
data were obtained. 

This data has not been formally analysed but was examined carefully to 
determine if the computer program was functioning as desired and to see if the 
measuring devices were working correctly. This examination showed that there 
were still some problems with the computer code, so further testing was 
carried out in the laboratory as described earlier. 

The earlier measurements of the radon emanation over the ore-body (Leach 
et al 1981) were repeated during this trip using the same method as that 
described by Leach et al, but with a grid spacing of 400 metres. A 
preliminary analysis of the results of these measurements indicate no 
detectable change from the emanation levels determined by Leach et al. 

Measurements of short term fluctuations in the radon emanation rate were 
also made. A preliminary analysis of the data indicates that there may be 
measurable variations in the radon emanation rate (at least at the site where 
the measurements were made). Further measurements will be necessary to 
confirm this analysis and to try to determine the parameters which control the 
short term behaviour of the radon emanation. 

In November a revised version of the computer program was installed and 
the radon and radon daughter monitors were re-furbished. The experiment was 
then left to run unattended. 

FUTURE WORK 
As data should now be reaching the laboratory on a fairly regular basis 

(barring accidents and equipment failures, etc.) it is planned to commence 
analysing data as soon as possible. This will involve the development of 
several computer programs for data manipulation and analysis and the 
development of some simple models for comparison with the data. 
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A paper on this work is being prepared for the International Conference on 

Occupational Radiation Safety in Mining, to be held in Toronto, Canada in 
mid-October, 1984. 
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ALPHA COUNTING METHODS FOR MEASUREMENTS OF RADON 

AND THORON EMANATION RATES 

T H Gan, K N Kennedy, G C Mason, J R Peggie and K N Wise 

Two continuous radon/thoron monitors, based on alpha counting methods, 
have been modified to determine radon/thoron surface emanation rates. One of 
the monitors (Cyclops), based on the design of Postendorfer and co-workers, 
relies on electrostatic precipitaation of ions onto a solid state detector. 
By using high resolution alpha spectroscopy and monitoring the peaks assigned 
to the short-lived daughters of radon and thoron, changes in radon/thoron 
emanation rates occurring over 20 minute intervals can be detected. 

This degree of time-resolution is based on parameters involving one air 
change every 11 minutes and a counting period of 17 minutes. Using these 
parameters, continuous monitoring of radon emanation rates indicated that 
under dry conditions minor variations in typical values lying between 0.7 and 

2 
1.0 Bq/m /s could be easily resolved. Further, a few hours after a shower, 

2 a rapid increase in emanation rate from 1 to 9 Bq/m /s was observed to take 
place over eight counting periods or about 2 hours. The vaiue then dropped 

2 very quickly to about 6 Bq/m /s within half an hour and declined to about 4 2 Bq/m /s after 2 hours. 

The second monitor, a fast response emanation detector (FRED), uses the 
two-filter concept with gross alpha counting and/or low resolution alpha 
spectroscopic techniques for measurements of radon/thoron emanation rates. As 
continuous monitoring is achieved by means of an automatic filter paper 
transport system, the response time of FRED to fluctuations in surface 
emanation rates 1s determined by the choice of sampling periods. 

An insight into the performance of this monitor is shown by the manual 
model 1n a comparative study with charcoal canisters. Radon emanation rates 
measured by FRED on stockpiles and ore shelves at the Ranger uranium mine gave 
values up to 10 times higher than those determined by the canisters. 
Similarly, at locations on the tailings dam at Port Pirie, FRED measured 
larger values of up to a factor of 3. Further work to account for the 
discrepancies is continuing. 
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THE UNCERTAINTY OF COMMITTED DOSE FOR URANIUM 

ARISING FROM HUMAN VARIABILITY. 

K N Wise 

INTRODUCTION 
Current radiation protection practice is guided by models based on a 

Reference Man who is specified by selection of "typical" values of organ 
masses and of physiological characteristics such as lung capacities and 

1 2 3 dietary intake. In ICRP publication 30 ' ' "typical values" are used to 
define radionuclide removal from the body wherever possible and, if few data 
are available, values can be chosen to more severely restrict the limits on 
intake. However, the fraction of inhaled particulates deposited in the 
respiratory tract are based not on experimentally observed values but on 

4 calculations carried out by the ICRP Task Group on Lung Dynamics. 

Tht problems facing those who may wish to use the limits on intake of 
radioactive materials by workers as published in ICRP publication 30 are 
several. For example: 

how variable are the physiological parameters used in the ICRP 
dosimetric model. 

how sensitive to parameter variations are the published committed 
effective dose equivalents. 

at what level of intake should physiological parameters be measured 
1n order to avoid the possibility that workers have exceeded the dose 
limit. 

One approach to investigating the variability of model results with change 
of model parameters 1s to use sensitivity analysis to identify those 
parameters whose variation significantly affects the results. However, the 
dosimetric models which are the basis of ICRP pub 30 can lead to a large 
number of differential equations even with the decay chains containing only a 
few radionud des. In any case, a substantial proportion of model parameters 
cannot be easily measured, 1f at all, and thus a demonstration, via 
sensitivity analysis, of the impact of parameter variation may not convince 
radiation protection specialists. Therefore, 1n order to show the importance 
of parameter variation, a relatively simple analysis has been carried out of 
the effect of variation of (1) the fraction of inhaled particulates deposited 
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in the respiratory tract (2) the retention of uranium at 24 hours after 
passage into the blood and (3) the fraction of uranium absorbed in the 
gastro-intestinal tract (GIT). 

VARIABILITY OF PHYSIOLOGICAL PARAMETERS 
(1) Oeposit 1n respiratory tract 

The fractions of inhaled particulates deposited in the three main regions 
of the respiratory tract - the nasopharyngeal, the tracheo- bronchial and 
pulmonary regions- are known to vary with the mass median aerodynamic diameter 
(MMAD) of the particles inhaled, with the volume breathed per minute and with 
subject measured. An earlier report describes an empirical model which 
randomises the fraction deposited in the three regions of individuals and 
which reflects the inter-subject variability seen in measurement results 
reported by experimentalists. 

(2) Retention of uranium 
Data for the variation of the retention of uranium has been based on the 

6 review of the data to 1972 made by Hursh and Spoor. They quote two studies 
on the excretion of uranyl nitrate injected into ambulatory and comatose 
patients. An analysis of the fraction retained shows that these groups 
retained 30°/ o at 24 hours after injection with a standard deviation of 
1 0 V o . 

(3) Gut absorption of uranium 
ICRP publication 30 summarises the available data on the uptake of uranium 

in the gastro-intestinal tract of man. For the purposes of the present study, 
it has been assumed that the fraction absorbed in uniformly distributed 
between 0.25 times the value adopted by the 1CRP to 2.5 times the value. 

CALCULATION METHOD 
To explore the relative contributions of the three sources of variability 

to the variation of the calculated committed effective dose equivalent, the 
TIMED computer code, modified to conform with the models of ICRP 30, has 
been applied. As TIMED calculates only the transformations produced in each 
source organ, additional software has been written to convert the 
transformations to absorbed dose in the target organs via the conversion 
factors published in the supplements to ICRP pub 30. A program was also 
written to generate random independent values, as required, for the deposit of 
particulates, for the fraction of uranium retained at 24 hours after passage 
into the blood, and for the fraction absorbed in the Gil. The non-randomised 
data set used as input to these programs was constructed from metabolic data 
in ICRP pub 30 and tested to ensure the results computed by 1IME0 agreed with 
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those documented in ICRP pub 30. This basic data set is randomised to produce 
suitable input for the TIMED code and a statistical summary of the calculated 
dose committment for each target organ and of the committed effective dose 
equivalent is produced. Table 1 displays the results from some simulations. 

RESULTS AND CONCLUSIONS 
For the class W and Y uranium compounds, it was found that the major 

contributor to the variability of the committed effective dose equivalent is 
variation of lung deposit. However, for the class D uranium compounds, 
variation of the retention is as important, if not more important, as 
variation of lung deposit in determining the variability of committed 
effective dose equivalent. 

Similar calculations were carried out for the ingestion pathway to 
establish the variability of the committed effective dose equivalent with 
absorption in the GIT and the fraction retained at 24 hours. In this case, 
although the fraction absorbed in the GIT has a major effect on the estimated 
committed effective dose equivalent, variation of retention significantly 
affects the estimate of committed effective dose equivalent especially for the 
more soluble D and W compounds. 

These calculations show that the mean committed effective dose equivalent 
can range from 0.4 to 3.5 times the values documented in ICRP pub 30. In some 
cases, 1f workers were to be exposed at the Annual Limit of Intake then at 
least half the workers would be committed to receive more than 50 mSv. The 
present work therefore underlines ICRP's caution that if "a particular 
individual has taken in more than ALI ... it is recommended that his age and 
known biological parameters be taken into account as far as possible". 

REFERENCES 
1. ICRP, (1979), "Limits for intakes of radionuclides by workers, Part 1", 

Annals of the ICRP 2(3-4). 

2. ICRP, (1980), "Limits for intakes of radionuclides by workers, Part 2 H 

Annals of the ICRP 4(3-4), Pergamon Press: New York. 

3. ICREP, (1981), "Limits for intakes of radionuclides by workers. Part 3", 
Annals of the ICRP 6(2-3). 

4. Task Group on Lung Dynamics, (1966), "Deposition and retention models for 
Internal dosimetry of the hyman respiratory tract", Health Physics 12, 173. 



Wise, K N, "A model for the variability of lung deposit in man for 
critical group studies" In D U Keam (ed) Annual Review of Research 
Projects 198?, Australian Radiation Laboratory Report ARL/TR060. 

Hursh, J B and Spoor, N L, (1973), "Data on Nan" In Uranium, Plutonium, 
Transplutonic Elements, H C Hodge, J N Stannard and J B Hursh (eds.), 
Handbook of Experimental Pharmacology, Vol. 36, Springer-Verlag: Berlin. 

Watson, S B, Snyder, W S and Ford, H R, (1976), "TIMED: a computer code 
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TABLE 1 
Committed Effective Dose Equivalents (CEDE) Derived from the full 

23*» 
Dosimetric Model for Inhalation of U by Nose or Mouth 

Class MMAO CEDE CEDE re slative to ICRP value 
pin ICRP Nose Breathing Mouth Breathing 

ySv/Bq Mean + S.D. Range Mean + S.D. Range 
min-max min-max 

D 0.6 0.67 0.7 + 0.3 0.2 - 1.3 0.4 + 0.2 0.1 - 0.7 
1 0.65 0.8 + 0.4 0.3 - 1.5 0.3 + 0.2 0.1 - 0.8 
2 0.66 1.2 ± 0.5 0.5 - 2.1 1.0 + 0.3 0.4 - 1.7 
3 0.68 1.1 ± 0.5 0.5 - 2.0 1.1 + 0.4 0.5 - 1.8 
4 0.70 1.0 ± 0.5 0.4 - 1.9 1.1 + 0.4 0.4 - 1.8 
5 0.71 1.0 ± 0.4 0.4 - 1.8 1.0 4 0.3 0.3 - 1.6 
6 0.72 0.9 ± 0.4 0.4 - 1.7 0.9 4 0.4 0.3 - 1.6 

Y 0.6 42 0.4 + 0.1 0.2 - 0.6 0.5 4 0.1 0.2 - 0.8 
1 32 0.5 • 0.2 0.1 - 1.0 0.8 4 0.3 0.01- 1.4 
2 22 1.3 + 0.5 0.4 - 2.4 2.3 4 0.4 1.4 - 2.9 
3 17 1.6 ± 0.8 0.1 - 3.0 3.5 4 0.8 1.8 - 5.2 
4 14 1.1 + 0.7 0.05- 2.6 3.4 4 0.8 2.3 - 5.1 
5 11 0.7 i 0.5 0.1 - 2.1 2.8 4 0.8 1.6 - 4.2 
6 10 0.4 t 0.4 <0.01- 1.4 1.9 4 0.6 0.8 - 3.4 

Notes - (1) Sample size for simulation is 30 
(2) The aerosol is assumed to be monodlsperse, i.e. with a geometric 

standard deviation near 1. The aerosol is assumed to have a 
-3 density of 2700 kg m 

(3) It is assumed that air is breathed at 20 litres per minute. 
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STUDIES OF THERHOLUHINESCENCE MECHANISMS IN RARE EARTH DOPED CaS0 4 

R L Calvert and R J Danby 

Investigations into the thenaoluninescence (TL) related properties of rare 
earth doped CaSO continued in 1983, with significant progress being made in 
several aspects of the work. These include detailed studies of some 
dosimetric applications and of the fundamental physical principles of TL in 
CaSO -RE. The phosphors used in these studies were prepared at ARL using 

4 
techniques described elsewhere (1). 

1. Thermoluminescence and Radiophotoluminescence of Eu and Sm Doped CaSO,. 
3+ 4 

It has been shown previously that x-irradiation of CaSO *.Eu produces 
2+ 3+ 

significant quantities of Eu (2) and measurements on CaS0.:Sm reveal 
that a similar process occurs in this material. The concentration of divalent 
ions produced in this way can be used as a measure of radiation exposure arj 
in these phosphors can be readily monitored using U.V. stimulated fluorescence 
(sometimes called radiophotoluminescence, RPL, in this context). This 
technique has an advantage over standard TL in that the stored information is 
not destroyed by the reading process, allowing a dosemeter to be reread any 
number of times. Although inherently less sensitive than TL of CaSO :Dy, 
RPL using CaSO :Eu or CaSO :Sm shows promise as a technique for monitoring 4 4 
moderate to large exposures or as a check on abnormally high TL readings. It 
has been shown (3) that with a doping level of 3S0 ppm, x-ray exposures of 
~ 110 yCkg can be easily monitored. Increasing the dopant level and the 
use of a laser excitation source is expected to significantly improve this 
sensitivity. 

CaS0.:Eu also shows a strong response from exposure to U.V. radiation in 4 
the range 200-280 nm (3). With the above doping levels U.V. exposures of 

-2 10 mJcm can be monitored by RPL while TL of this material allows routine 
-2 measurement of exposures as low as 30 yJcm Studies have also been made 

on the mixed phosphors CaS0.:Dy,Eu and CaS0.:Dy,Sm. These provide good TL 
sensitivity to x or y rays (due to Dy) and to U.V. (due to Eu) and can be read 
by both TL and RPL. 

2. ESR and Optical Studies of Eu and Gd Doped CaSO. 
4 

Electron spin resonance (ESR) and optical excitation spectroscopy (0ES) 
were used to continue investigations of the luminescent rare earth ion sites 
in CaSO :RE phosphors. Analysis of ESR data on CaSO :Gd + and OFS 

4 3 +
 4 

spectra of CaSO.:Eu reveals a strong similarity in the way these two 
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ions are incorporated in the CaSO. lattice. Substitutional sites involving 
non-local charge compensation together with sites involving local compensation 
by a substitutional monovalent impurity (e.g. Na ) have been identified and 
studied (4). A detailed analysis of the crystal field psuedosymmetry at the 
dominant RE ion site identifies several features consistent with simulations 

2+ of the crystal field at the undistorted Ca site, made using a ligand 
superposition model. This work allows several unexplained features of the 
3+ Eu OES spectra to be understood and gives much information on covalency 

and wave function overlap at the dopant site. These factors bear directly on 
the charge transport into the luminescent centre and hence on the phosphors TL 
properties. 

3. U.V. Spectroscopy of Charge Transfer States in CaSO :Eu 
4 

In order to explain the abnormally large U.V. sensitivity of CaSO -Eu, a 
4 

study was commenced of the Eu charge transfer states (CTS) in this material. 
Tnese states involve the transfer of an electron to the partly filled Eu 4f 
configuration from an orbital localised largely on a neighbouring oxygen 
ligand. It was found that the phosphor's U.V. response agrees precisely with 
the observed Eu-0 charge transfer spectra. This indicates that the process 
proceeds directly via the CTS of the Eu-0 complex and that energy transport 
through the lattice, often the dominant process in many similar phosphors, 
does not play a significant role. Temperature dependance measurements agree 

3+ well with simulations based on CTS-Eu level crossovers and analysis of 
this model using configuratioial co-ordinate techniques is proceeding. 

REFERENCES 
1. Keam D W, (1983) ed "Annual Review of Research Projects 1982" ARL 

Technical Report ARL/TR060 p.42. 

2. Danby R J, (1983) J. Phys. C: Solid State Phys., 1_6:3673. 

3. Calvert R L and Danby R J. Submitted Phys. Stat. Sol. (a) Dec. 1983. 

4. Calvert R I and Danby R J. Presented at 7th International Conference on 
Solid State Dosimetry, Ottawa, Canada 1983. Proceedings to be published 
in Rad. Prot. Dos. vol. 6 (1984). 
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STUDIES OF DEFECTS IN ALKALINE EARTH OXIDE SYSTEMS 

J F Boas 

The alkaline earth oxides, MgO, CaO and SrO offer a structurally simple 
system with which to study defect formation and behaviour. Two lines of 
investigation are being pursued. 

(i) Optical and Electron Spin Resonance Studies of Defects in CaO and 
CaO:Ng. 

In this study, the aim is to elucidate the behaviour of the defects linked 
to the thermoluminescence processes in these materials. Some of the results 
described below have been reported in more detail elsewhere. 

Highly coloured crystjls of CaO exhibit thermoluminescence glow peaks at 
around 70 K, 150 K and 335 K, with the emission wavelength peaking in the 
range 600 - 620 nm. Thermal cleaning experiments show that the 335 K peak is 
complex and is composed of peaks at temperatures of c_a 320 K, 370 K, 400 K and 
450 K. The emission arises from the decay of the excited state of the F 
center (an anion vacancy containing two electrons) where the process may be 
represented as 

+ * F + e - * F -»F+hi> 

E.s.r. studies, using an isochronal annealing procedure, have shown that 
the thermally activated release of electrons from Mg ions, present as 
impurities, is a major contributor to the glow peak at 320 K. 

In the case of highly coloured Ca0:Mg, the major additional feature is an 
intense glow peak at 180 K. The emission in this region is mainly at 690 nm 
and is due to the decay of the excited state of the F center (an F center 
with one nearest neighbour calcium ion replaced by a magnesium ion). The 
e.s.r. spectra indicate that the so-called A and C centers, of tetragonal 

2 symmetry and unknown nature, are involved with the thermoluminescence 
processes at this temperature. An extension of the temperature range of both 
optical and e.s.r. measurments down to 5 K and up to 500 :'. is expected to give 
more information on the processes involved. 
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(ii) Studies of Oafect Formation in MgO and CaO on Pulsed Electron 

Irradiation. 
This work is being performed in conjunction with R Cooper *nd J L Grant, 

Department of Physical Chemistry, University of Melbourne. 

Time resolved luminescence studies of CaO and CaO:Hg after 5 ns electron 
pulses ha»e confirmed previous measurements which showed that the incident 
electrons required an energy of greater than ca 0.3 MeV to produce the 
luminescence emissions observed at 375 and 410 nm. These luminescences may 
then be explained as arising from the decay of the excited states of F and 
F. centers respectively, where the anion vacancy created by the incident 
electron acts as the electron trap. A short lived emission at around 550 nm 
and with an incident electron energy of greater than ca 0.75 MeV required to , 
produce the luminescence, has been explained as arising from the formation of 
cation vacancies. 

In the case of MgO, the principal emissions occur at ca 235 nm and 375 nm 
after pulsed electron irradiation. Both of these emissions have a threshold 
at ca 0.3 MeV, indicating a connection with the formation of anion vacancies. 
This contradicts previous explanations of these emissions as arising from 3 electron-hole recombination at cation vacancy sites. E.s.r. measurements 
have shown that both Cr and Fe impurity ions may Dlay a role in the 
luminescence processes. 

REFERENCES 
1. Boas J F, (1984) Solid State Dosimetry, 6, 58 (paper presented at the 7th. 

-, International Conference on Solid State Dosimetry, Ottawa, Canada, 
September 1983). 

2. Weightman P and Hall T P P, (1973) J. Phys. C. Solid St. Phys., 6, 1292. 

3. Williams R T, Williams J W, Turner T J and Lee K H, (1979) Phys. Rev. B., 
20, 1687. 
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DETERMINATION OF THE ABSOLUTE PHOTON YIELO FROH ELECTRON IRRADIATED GASES 

J 6 Young 

A description of the experimental arrangement has been described 
previously [1]. The absolute calibration of the optical detection systems and 
the determination of the absorbed dose in several rare gas and rare gas 
additive gas mixtures irradiated by high energy electrons have been 
completed. A special irradiation gas cell has been built which enables the 
absolute measurements to he carried out using simultaneous light yield and 
absorbed dose measurements. 

Absolute photon yield measurements have been determined for the (0-0), 
(0-1) and the (0-2) vibrational levels of the Second Positive Band of N in 
the presence of bulk Neon. These yields, which are in good agreement with the 
Frank Condon Factors for this band system, are shown in Table 1. Studies of 
the absolute photon yields and kinetics of the formation of this band system 
in the presence of various Neon pressures are presently underway. 

Table 1. Absolute photon yields for the Second Positive Band System 
of N-. Gas mixture: 0.05 torr of SF_, 1.00 torr of N_ 

7 D C 
and 402 torr of Ne. 

Vibronic No. of Photons Emitted Relative Frank Condon 
Level Per 100 eV of Absorbed Energy Photon Yield Factors 

(0-0) 0.00164 0.53 0.45 

(0-1) 0.00104 0.33 0.33 

(0-2) 0.00043 0.14 0.15 

This work is being performed in collaboration with R Cooper, Department of 
Physical Chemistry, University of Melbourne. 

REFERENCES 
1. Keam D W, (1983) ed. "Annual Review of Research Projects 1982" ARL 

Technical Report ARL/TR050. 
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X-RAY ATTENUATION 

J F Hika and L J Martin 

This report describes continued work on a project aimed at obtaining 
accurate measurements of X-ray attenuation co-efficients in the energy range 
20-100 keV. It is hoped both to improve the precision of available data and 
to investigate systematic errors involved in various measurement techniques. 
A previous report [1] gave details of equipment and methods. Briefly, a beam 
of X-rays is collimated and then monochromated by Bragg diffraction from the 
(111) planes of a silicon crystal. The beam passes through either an air path 
or through one of several samples before reaching an energy dispersive 
hyperpJre germanium detector. The ratio of intensities for the air and sample 
paths is used to derive the mass attenuation coefficient for the sample 
material at the energy selected by the monochromator. 

Preliminary results using silicon samples [2] in the energy range 25-50 
keV agreed well with published data where available but showed a discrepancy 
when compared with theoretical predictions. Further work has been undertaken 
to test certain classes of systematic errors and to refine the data analysis 
procedures with a view to Improving the accuracy of our results. 

The ini' ial measurements were made with silicon samples 2 mm and 4 mm 
thick, which were far from optimum at the high energy end of the range. To 
improve the hiqh energy results and to confirm the exponential nature of the 
measured attenuation, a thicker sample (11 mm) was used. Furthermore, the 
equipment was re-arranged and the original samples were re-measured in a 
position after rather than before the monochromator. 

The results obtained using the first-order Bragg reflections from the 
monochromator were consistent within the limits of Poisson counting 
statistics. This confirmed that the true narrow beam attenuation was being 
measured. The results using the 2nd and 3rd- order beams, which lie a* 
multiples of the first order energy, continued to be unreliable and would 
appear to be of no value until a higher intensity source of X-rays is obtained. 

All the results obtained were corrected for pulse pile-up and a 
significant asymmetry of the monochromatic energy peak. A theoretical model 
of pulse pile up in the amplifier/ADC allowed a small correction to be applied 
to the first order data. A much larger and Tess reliable correction has 
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brought some improvement to the 2nd and higher-order results. Investigation 
of the shape of the first-order peak has resulted in a better estimate of the 
true energy of the measurement, with a corresponding increase in the accuracy 
of the reported results. 

To accurately compare the theoretical predictions of silicon attenuation 
with the measurements, the ratio of the two as a function of energy are 
presented in fig. 1. The predictions were obtained by combining the 
photoelectric cross-section values of Scofield [3] with incoherent scattering 
and thermal diffuse scattering (TDS) calculations. The latter is included in 
the theoretical attenuation because the attenuation samples have a highly 
perfect crystalline structure [4], 

As can be seen from the figure, there is a systematic discrepancy between 
the two over the whole of the energy range. This varies from 1 °/c at 25 
keV to about 3 °/ c at 50 keV. An analysis of the energy dependence of the 
difference revealed that it is most consistent with an error in the TOS 
scattering component of about 50 °/ 0. 
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Although this is a large error in one component of the total theoretical 

attenuation, the calculation of the TOS cross-section contains many 
simplifying assumptions about the state of the absorber and the nature of TOS 
scattering. It is quite possible that a simple calculation such as that used 
here could give a result that is inaccurate to such an extent. Clearly, the 
role of TOS scattering in crystalline absorbers and its contribution to X-ray 
attenuation is a field worthy of further study. 

Future developments will include: Implementation of a different, higher 
intensity. X-ray source; Improvement in pile-up correction/rejection 
techniques; Use of 3rd and 4th order peaks for higher energy measurements and 
the investigation of different attenuation samples. 

REFERENCES 
1. 1981 ARL Research Report. 

2. 1982 ARL Research Report. 

3. Scofield J H, (1973) "Theoretical photoionization cross-sections from 1 to 
1500 keV\ UCLR Report 51326. 

4. Gerward L and Thuesen G, (1977) Naturforsch Z., 32A, 588. 
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ATTENUATION OF HIGH ENERGY X-RAYS IN SHIELDING MATERIALS 

J [ K Thomson and 0 J Wilson 

The use of high intensity bremsstrahlung beams in medicine and research 
often poses some difficult shielding problems. The solution of these requires 
a detailed knowledge of gamma ray transport through thick shields where the 
buildup of Compton scattered gamma rays contributes significantly to the 
energy fluence through the medium. To further our knowledge in this area an 
experimental and theoretical study is being made of the transmission of 
photons, with energies up to 10 MeV, through tnick shields. One aspect r the 
project will be to determine the shielding parameters for high density 
concretes such as 'barytes concrete1. 

Because of the complex nature of the scattering, no analytic solutions 
exist for transport of a broad beam of gamma rays through matter. The problem 
has traditionally been treated by Monte Carlo methods or by solving the 
Boltzmann transport equation by numerical techniques. Work has concentrated 
primarily on the Monte Carlo methods and a computer code has been written 
which gives solutions for simple geometries. In order to handle more 
completed geometries several large efficient Monte Carlo codes such as the 
Oak Ridge code 'MORSE' have been acquired and modified to operate on the 
Department of Health Computers. 

Initial experimental work consisted of a survey to determine which of a 
series of detectors and monitors was the most suitable for measuring the 
transmission of the bremsstrahlung beai.i from the Melbourne University Betatron 
through thick shields. Failure to find a conventional monitor capable of 
giving required results has lead us to develop a new type of detector which is 
based on the principle of the Moxon-Rae detector. This detector has been 
shown to be capable of directly measuring the energy fluence of X-rays at a 
point behind a thick shield irradiated with bremsstrahlung. Details of the 
design, construction and calibration of this detector have been presented in a 

2 previous laboratory report. 

This detector has been used to make comprehensive measurements <f the 
transmission of bremsstrahlung through large slabs of steel, lead, ordinary 
concrete and barytes concrete. Each of the materials was studied for a series 
of bremsstrahlung tip energies from 3 MeV to 20 MeV and for a range of 2 thicknesses up to about 400 gm/cm . Measurements were made using two 
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geometric configurations. In the first configuration a broad diameter beam 
was Incident on the slabs and a measurement of the transmitted energy flux was 
made at a position corresponding to the centre of the beam. In the second a 
narrow beam was incident on the slabs and a series of measurements were made 
across the rear of the slab so as to yield a spatial profile of the 
transmitted energy fluence. 

The data obtained from the above measurements is currently being analysed 
to produce buildup factors as a function of wall thickness for the case of an 
infinitely broad parallel beam incident on an infinite wall. Estimates are 
also being made of how the buildup component of tne transmitted energy fluence 
depends on the diameter of the incident beam. 

REFERENCES 
1. Moxon H.C. and Rae E.R. (1963), Nucl. Instr. and Meths. 24, 445. 

2. Annual Review of Research Projects 1982, A.R.L. Tech. Report 60. 
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X-RAY IMAGING USING HULTIWIRE PROPORTIONAL COUNTERS 

O E M Thonson, F A Forgione and D V Webb 

INTRODUCTION 
A research program is being undertaken to develop multiwire proportional 

counters for use as X-ray imaging devices for particular applications in 
medicine. Work has centered around the construction of an imaging system 
which is capable of either 2 -dimensional radiological images or axial 
tomographs using soft X-rays (30 keV). The system has been primarily designed 
for soft tissue radiology such as mammography. It has the potential for 
substantial reduction in patient dose and improved image quality compared with 
conventional techniques. Another application that is being investigated is 
the in vivo measurement of bone mineral density from digital images of the 
wrist. This is expected to provide an inexpensive method of determining bone 
density which is potentially much faster, more accurate and of greater 
clinical use than scintillation systems that are currently used. 

CURRENT STATUS 
A sealed acrylic HWPC with a field size of 2.5 x 2.5 cm has been built and 

thoroughly tested. There are many unique design features that have been 
incorporated in this chamber and its signal processing which have resulted in 
an inexpensive imaging system with capabilities required for the above 
applications. Details of this system have been described previously. 

Early measurements were made using X-rays from a sealed radioactive 
source. This has now been replaced by a fan beam of X-rays from a Philips 
X-ray generator which has attached to it a stepping motor controlled slit 
collimator. The use of this source of X-rays has resulted in substantial 
improvements in resolution and count rate capability. Figures 1 and 2 show 
the images of some small calcium sulphate crystals and a small PVC phantom 
respectively. The images obtained of calcium sulphate crystals with diameters 
of less than 500 micron, demonstrates that the system has the capability of 
detecting small calcium deposits (micro-calcifications) in breast tissue which 
are often the precusor of breast cancer. An overall count rate capability of 
better than 8 Mega-hertz has been achieved which, for this size chamber is 
sufficient to eliminate blurring due to patient movement. The measured X-ray 
detection efficiency of about 15 °/ 0, coupled with the digital nature of the 
image data, implies that a substantial reduction of radiation exposure can be 
obtained compared to similar images obtained using photographic film. 



21 
Construction of a chamber for a system with a field size of 12 cm x 12 cm 

has been completed. Work at the f.esent is being directed into the 
construction of the electronics and the development of computational and 
imaging facilities necessary for this larger system. 

FUTURE DEVELOPMENT 
Future work will involve the development of techniques to improve image 

quality by the elimination of scattered photons from the image and some effort 
will be put into increasing the detection efficiency. It is anticipated that 
clinical tests should begin in late 1985. 

REFERENCE 
(1) Annual Review of Research Projects 1982, Australian Radiation Laboratory, 

Report ARL/TR060. 
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Figure 1. Image of small crystals of 
calcium sulphate suspended between two 
layers of sticky tape. The average size 
of each row of crystals 1s shown to the 
right. 

Figure 2. Image of a small phantom 
consisting of an acrylic button 
which has embedded in it a thin 
slice (.5mm) of a PVC plug (Rawl 
Plug) which is normally used to 
mount screws in masonary. The 
diameter of the PVC plug is 
approximately 7mm. 
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IONIZATION CHAMBER MEASUREMENTS OF ABSORBEO DOSE IN A WATER PHANTOM 

N D Morris 

In order to measure the absorbed dose to a point in a water phantom by 
using an ionization chamber, the effect of the volume of water displaced must 
be known. Although the displacement effect is well documented for Cobalt-60, 
it is not well known for diagnostic X-ray energies. The effect may be 
calculated by using a method similar to that described by Cunningham (1980) or 
by direct measurement using a series of perspex cylinders within the water 
phantom in order to alter the volume of water displaced around the ionization 
chamber (Hargrave 1983). 

One of the problems of measuring doses in a water phantom is that X-ray 
units are not stable enough to get reproducible doses over the full period of 
measurement. It is, therefore, necessary to normalise the measured doses to 
the X-ray output so that fluctuations of the output can be taken into 
account. This is done by using a monitor chamber in the X-ray beam to which 
the ionization chamber readings can be normalised. 

In previous measurements (Hargrave 1983), a Diamentor transmission chamber 
was attached to the light beam diaphragm of the X-ray unit and the current 
from the Diamentor was measured using a Keithley 616 digital electrometer. 
The ionization chamber, which was placed in the water phantom, was a Farmer 
0.6 cc thimble chamber attached to a Nuclear Enterprises Ltd. measuring 
assembly Type 2560. In order to make a measurement, the two instruments were 
triggered simultaneously and the ionization currents integrated over a period 
of time. Variations in the leakage current of both measuring systems, the 
difficulty in initiating the readings simultaneously and the lack of 
sensitivity of the system meant that the accuracy of the measurements was 
approximately 0.7°/ o. 

A more sensitive and accurate system is necessary so that the displacement 
factor can be determined to a greater precision. In order to achieve this, a 
current amplifier that will take the ratio of two currents is being 
constructed based on a design by Glass (1978). It comprises two amplifiers 
which feed currents into a system which takes the ratio between them. As the 
current from the Oiamentor may range between 10 to 10 A, depending on 
the exposure parameters set on the X ray unit and the X-ray field si*e, the 
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amplifier must be adjustable over this range. The current from the Farmer 0.6 

-9 -12 cc ionization chamber, on the other hand, may range between 10 to 10 
A depending on the exposure parameters and the depth of the ionization chamber 
in the phantom. As the X-ray output will vary slightly over a period of time, 
the response of the amplifiers must be sufficiently linear to ensure that the 
calculated ratio is constant for a particular set of exposure conditions. 

The system under construction has been designed so that it will give more 
accurate results and be considerably easier to use than the previous system 
which used two different measuring instruments. When the measuring system is 
fully developed, it will then be possible to perform measurements on the doses 
in media other than water, which will have applications to the measurement of 
doses received by patients undergoing diagnostic radiographic examinations. 
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EFFECT OF ISOTOPES OF MAJOR CONSTITUENT ELEMENTS 

ON PHOTONEUTRON YIELDS FROM TISSUE 

P 0 Allen 

Photonuclear effects in tissue during radiotherapy can be calculated from 
known cross sections and it is often assumed that an adequate model for the 
tissue comprises a mixture of 0-16, N-14, C-12 and H-1 in appropriate 
quantities (In82, A182). However, even if the effect of other elements is 
ignored, small quantities of the rarer isotopes of oxygen, carbon, nitrogen 
and hydrogen are also present. Although the abundance of these latter 
isotopes is small, they differ from the common isotopes in that their 
thresholds for various photonuclear reactions can be significantly lower 
(Table 1). Since a bremsstrahlung source has a spectrum whose fluence 
decreases with increasing energy these rarer isotopes can have a 
disproportionate effect on photonuclear yields, particularly on those for 
lower end-point energies. 

To test for these effects, relative photoneutron yields were calculated 
for tissue approximation (IC77), taking into account all the relevant isotopes 
and using published cross section measurements (see Table 1 for references). 
The method used has been described previously (A182). The results are shown 
in figure 1. The percentage contribution of each element to the total yield 
is given in Table 2. It can be seen that the contribution of the rare 
isotopes exceeds that of the common isotopes for end-point energies below 16 
MeV. The yield due to the rare isotopes does not decrease to less than 5 0 / o 

of the total yield until the bremsstrahlung end-point energy exceeds 22 MeV. 

The results outlined above apply to tissue approximation. Other standard 
formulations for soft tissue contain small quantities (a few percent) of 
elements other than those considered above, such as Na, Mg, P, S, CI, K and 
Ca. The above results suggest that for calculations involving these 
formulations those elements with small concentrations can be ignored at high 
energy. However at low energy isotopes of these elements that have low 
thresholds or for which the cross sections are relatively large may contribute 
significantly to the photoneutron yield. 
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HGURfc I. Relative photoneutron yields for various isotopes versus 
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TABLE 1 

Data on isotopes represented in tissue approximation 

Isotope Relative Relative atomic 
Isotopic abundance in 
Abundance tissue approx.(V#) 

H-l 0.9999 62.5 
H-2 0.00015 0.009 
C-12 0.9889 7.7 
C-13 0.0111 0.09 
N-14 0.9963 1.6 
N-15 0.0037 0.006 
0-16 0.9976 28.1 
0-17 0.0004 0.01 
0.18 0.0020 0.06 

Thresholds (MeV) 
(g. n) (g. 2n) 

Reference for 
cross section 

2.2 - Pa82, Na72 
18.7 31.8 Kn75 
4.9 23.7 Ju79 
10.6 30.6 Be70 
10.8 21.4 Ju82 
15.7 28.9 Be83 
4.1 19.8 J u 80 
8.0 12.2 Wo79 

TABLE 2 
Percentage contribution to total photoneutron yield from tissue approximation. 

Isotope Relative atomic Percentage of total photoneutron yield 
abundance excluding Bremsstrahlung energy (MeV) 

H-l (V.) 12 16 20 24 30 

H-2 0.025 25.4 5.9 0.8 0.2 0.1 
C-12 20.6 0.0 0.0 0.6 15.0 16.0 
C-13 0.23 22.9 15.4 3.3 0.9 0.6 
N-14 4.2 21.2 5/.6 20.0 10.2 8.0 
N-15 0.017 0.1 0.3 0.1 0.1 0.0 
0-16 74.8 0.0 0.0 70.0 72.2 /4.5 
0-17 0.029 1.4 1.0 0.2 0.1 0.1 
0-18 0.15 29.0 19.9 5.0 1.3 0.8 

Common Isotopes* 98.6 21.? 5/.6 90.6 97.5 98.6 
Rare isotopes* 0.45 /8.9 42.4 9.4 2.5 1.5 

* 0-16, C-12 and N-14 
+ H-2, 0-17, 0-18, C-13, N-15 



27 
It is concluded that, although the dose-equivalent due to photonuclear 

effects in tissue during radiotherapy is small and not a cause for concern 
(A182), an accurate calculation of these effects for brensstrahlung energies 
less than 22 MeV requires a more detailed model for tissue than the usual one 
of a mixture of 0-16, C-12, H-14 and H-l only. 
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INTERCOHPARISON OF LOW EXPOSURES AT LOW EXPOSURE RATES 

N J Hargrave and P D Allen 

A previous report outlined a proposed facility for protection calibration 
which is to be distributed to the various States of Australia (1). The 
facility comprises a set of Cs-137 sources and a calibrated ionisation 
chamber. The prototype facility was used to irradiate a series of TLD 
materials to precise air kermas at low kerma rates as part of an 
intercomparison conducted by the Linkoping University of Sweden with the 
cooperation of Section 1 of the "Comite Consultatif pour les Etalons de Mesure 
des Rayonnements lonisants" (CCEHRI). Fourteen national standards 
laboratories participated and a description of the intercomparison has been 
published by Spanne et al (2). This report outlines the use of the Australian 
facility and summarises the results of the intercomparison. The numbers 
presented here differ slightly from those in the published paper (2) due to 
the correction of some misprints (3). 

Lindborg (4) quotes IEC Standard 431 (5) as specifying that an accuracy of 
±5°/ 0 in exposure rate at 60 keV should be achievable for the best quality 
(class 1) instruments used in radiation protection. This means that standards 
laboratories should be able to calibrate instruments to better than 5°/ 0 

accuracy (4). The present intercomparison was performed in order to check the 
ability of standards laboratories to achieve this level of precision. It was 
intended that participants expose TLO material to an air kerma of 0.3 mGy at a 
rate of 50 »iGy/h and to 0.3-1.0 mGy at a freely chosen rate. 

The exposures made at ARL were performed using two of the Cs-137 sources 
from the prototype facility and an Am-24i source. The 3.7 GBq Cs-137 source 
was used to give an air kerma rate of 52.0 pGy/h at 2415 mm from the source 
while the 37 GBq source at the same distance was used to give an air kerma 
rate of 546 yGy/h. A 185 GBq Am-241 source was used at distances of 1030 mm 
and 1915 mm to give air kerma rates of 183.C yGy/h and 52.7 yGy/h 
respectively. The air kerma rates were determined using a 100 ml ionisation 
chamber which had been calibrated against the laboratory working standard 
Instrument, a National Physical Laboratory model 2560 with 2561 chamber. The 
working standard Instrument was calibrated against the Australian primary 
standard. The 100 ml chamber was also directly calibrated against the primary 
standard using gamma rays from Co-60 and Cs-137 and a range of X ray qualities. 
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For the purpose of the 100 ml chamber calibration the gamma rays from Am-241 
were regarded as equivalent to X-rays generated at 75 kVcp filtered by 0.55 mm 
of copper and 4.02 mm of aluminium and having a half-value-layer of 9 mm of 
aluminium. The effect of K and L gamma rays from Am-241 on the correction 
factor for the chamber was estimated to have been less than 0.3 V . and was 
ignored. 

A summary of the results of the comparison is shown in Table 1 (3). The 
TLD technique used was that described by Spanne (6) and the values of 
thermoluminescence per unit collision kerma have been normalised to the mean 
value for Cs-137. The values given for Am-241 and Co-60 are effectively the 
energy response of the thermoluminescent material used relative to that for 
Cs-137 gamma rays. 

TABLE 1 

SUMMARY OF RESULTS OF INTERC0MPARIS0N 

Radiation Mean TL*(ARL) Mean TL* for Number of Stand, deviation 
participants participants of TL* values 

Am241(a) 1.243 1.234(b) 5 0.015(1.2°/c) 
1.266(c) 6 0.075(5.9°/0) 

Csl37 0.999 1.000 6 0.011(1.1°/.) 

0.025(2.5VJ 
0.016(1.7°/ 0) 
0.006(0.6°/ 0) 

* 1L is the thermoluminescence per unit collision ktrma in air in relative 
units. 

(a) One participant used 70 kV X rays 
(b) Value if one participant using Am241 is excluded 
(c) Value for all participants using Am241 or 70 kV X rays 
(d) Value for all participants using Co60 
(e) Participants 1 5 and 11 
(f) Participants I, 8, 10, 13, 14. 

Co60 Not applicable 0.969(d) 
0.947(e) 
0.990(f) 

11 
6 
5 
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I t is interesting to note that the frequency distribution of the results 

of the comparison for Co-60 gamma rays may be double-peaked. The cause of 
this U not known. For the radiation qualities used by ARL the results appear 
satisfactory. 
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DOSEMETER INTERFACE 

R B Huntley 

The Australian Radiation Laboratory (ARL) maintains certain standards of 
measurement on behalf of the Commonwealth Scientific and Industrial Research 
Organisation (CSIRC). These include working standards of ionising radiation 
exposure and absorbed dose, which are realised using a Nuclear Enterprises 
Secondary Standard Therapy Level X ray Exposure Meter, type 2560, together 
with two carbon-wall thimble ionisation chambers, type 2561. 

An interface circuit has been built as part of a digital measurement 
system for use with the dosemeter (Huntley, 1983). This allows charge 
collection measurements to be terminated at preselected values of either meter 
reading or time. Using Tektronix TM500 instrumentation, a portable system was 
assembled (figure 1), comprising a DM501A digital multimeter with temperature 
probe, a OC504 counter/timer, and the "digital interface" module. This has 
improved the convenience of the working standard dosemeter and allows improved 
precision to be obtained wi*h a fully portable system. 

REFERENCE 
Huntley R 8 (1983) "A Digital Interface for Preset Time or Voltage 
Measurements using an Ionising Radiation Dosemeter", ARL/TR061. 

Figure 1 1M500 Measurement system. 
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WATER PHANTOM 

R B Huntley 

An absorbed dose to water working standard is maintained by ARL for 
cobalt-60 gamma rays. A Nuclear Enterprises 2561 thimble ionisation chamber 
is mounted in a thin walled perspex tube at a depth of 50 mm, in an open 
topped polystyrene tank approximately 300 ram square by 300 mm deep. The gamma 
ray beam is directed vertically downwards into this "water phantom". It is 
important to ensure that the water depth remains very close to 50.0 mm during 
a set of measurements, which usually consists of comparing the current 
obtained from a test dosemeter with that from the standard dosemeter. In the 
past, the water level in the phantom has been checked using a "depth gauge" 
consisting of a cross bar carrying a movable steel rule. This method is 
awkward, and must be done very carefully to obtain accurate and repeatable 
measurements. The limit of reading is about 100 vm. 

LEVEL GAUGE 

A water level gauge has now been constructed, comprising a glass tube 
connected to the outlet tap of the water phantom by a rubber hose. A steel 
metre rule is mounted vertically next to the tube, and the water level in the 
tube is measured on the rule using a cathetometer (see figure 1). A 
fluorescent lamp behind the glass tube gives extremely sharp contrast between 
the meniscus in the tube and the body of the water column, enabling very 

1 \ 

Figure 1. Water phantom level gauge. 
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precise setting of the cathetometer. The limit of reading is still about 100 
pm, but the reading process is far more convenient, faster and less prone to 
error, requiring much less practice and care to ensure repeatable and accurate 
results. The water level in the phantom is initially corrected at the start 
of a day's measurements using the old crossbar gauge. A reading is then taken 
using the new level gauge, and the water level is corrected as necessary 
throughout the day, if the reading should vary by more than about 100 urn. 
Ihis method ensures that the level gauge readings relate directly to the 
actual water depth above the dosemeter sleeve, eliminating any systematic 
errors in the level gauge, including the effects of capillary rise in the 
glass tube, cathetometer misalignment and dosemeter sleeve positioning. 

TEMPERATURE MEASUREMENT 

A computer controlled measurement system has been developed, and a program 
has been written to measure the temperature in the water phantom during 
absorbed dose measurements, using a very small thermistor in the dosemeter 
sleeve close to the ionisation chamber detector. The computer program rejects 
any odd readings caused by electrical interference picked up in the 
necessarily long leads, and corrects for the non-linear response of the 
thermistor. Systematic changes in the thermistor characteristics are 
eliminated by a daily check against a calibrated mercury in glass 
thermometer. An ice point bath is used to check the calibration of these 
thermometers. 



34 
HICROCALORIHETER 

R B Huntley 

A microcalorimeter is under development as a new working standard of 
absorbed dose to carbon (Huntley, 1981a, 1981b, 1983). A small graphite 
absorber (25 mm diameter by 3 mm thick) will carry a tiny thermistor (0.5 mm 
in diameter). The change in resistance of the thermistor due to heating by 
the gamma ray beam will be duplicated by electric heating, thus relating the 
radiation absorbed dose to National Standards of measurement of quantities 
such as mass, length, time and electric current. 

In order to minimise the number and size of the necessary corrections, it 
is desirable to reduce the amount of non-carbon material in the absorber. For 
this reason, investigations have been undertaken into several aspects of the 
absorber design. 

It was originally proposed to coat the absorber with aluminium to reduce 
radiative heat transfer to the innermost graphite jacket. However, infra-red 
radiation reflection measurements, using a soldering iron as a heat source and 
a collimated pyroelectric radiometer, have indicated that similar or better 
performance can be obtained by simply polishing the graphite surface to a high 
gloss. 

Several designs have been considered for the absorber heater. The 
desirability of uniform heating initially suggested the use of a sandwich 
construction, in which two thin graphite discs are glued together with 
graphite loaded conducting epoxy cement, which would act as the heater. 
Difficulty has been experienced in making the conducting epoxy heater so as to 
have a predictable and stable resistance. Furthermore there is some doubt as 
to the overall uniformity of heating that may result, as there may be "hot 
tracks" along a relatively few conducting paths, if the graphite grains in the 
epoxy mix are not spread sufficiently uniformly. A typical epoxy resin is 
75°/ 0 carbon, 1 8 V 0 oxygen and 7°/ 8 hydrogen. The response of this 
material to radiation could thus be significantly different from that of pure 
carbon, particularly due to the oxygen content. 

A coll of resistance wire could be used as a heater. The heating due to 
such a coll may be reasonably uniform, but it would involve incorporating into 
the absorber about 0.1 °/ 0 by weight of a metal that would differ 
significantly from carbon in its response to radiation. 
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It is possible that the thermistor used to record the temperature rise of 

the absorber may be used as a heater. A computer program is being written to 
investigate the uniformity of heating of the absorber under these conditions. 
If the calculations indicate that the method is feasible, the calorimeter will 
be assembled with two thermistors attached to the absorber with a minimum of 
epoxy resin (one spare in case of failure), and no heater. Furthermore, no 
epoxy will be used to attach the support threads, but these will pass through 
very small holes at right angles through the centre of the absorber. 

REFERENCES 
Huntley R B (1981a) "The Design of a Calorimetric Standard of Ionising 
Radiation Absorbed Dose", ARL/TR032. 

Huntley R B (1981b) "Microcalorimetric Standard of Absorbed Dose", in 
"Annual Review of Research Projects 1980", page 76, ed D W Keam, ARL/TR041. 

Huntley R B (1983) "Microcalorimetric Standard of Absorbed Dose", in 
"Annual Review of Research Projects 1981", page 65, ed D W Keam, ARL/TR050. 
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CHEMISTRY AND STRUCTURE OF TECHNETIUM COMPLEXES 

J Baldas, J Bonnyman, S Colmanet, and G A Williams 

Technetium-99m complexes are widely used as functional and imaging agents 
in nuclear medicine. The rational design of new organ-specific 
radiopharmaceuticals requires a knowledge of the structure and fundamental 
chemistry of technetium-99m complexes. Chemical studies using "carrier-free" 
technetium-99m are, however, not practical due to the necessarily very low 
molar concentrations of this radionuclide. We have thus continued our studies 
1 2 

by the use of the long-lived technetium-99 nuclide which allows the 
complexes to be isolated, characterized and studied by conventional chemical 
and spectroscopic methods. 

The air-stable complex salts R[TcNCl4] and R[TcNBr4] {R - [AsPh^]* 
or [N(n-Bu).] } have been prepared by the reaction of ammonium 
pertechnetate with sodium azide in the presence of concentrated hydrochloric 

3 VI -
or of hydrobromic acid. Substitution reactions of the [Tc NC1-] 
ion have been investigated and shown to provide a convenient and versatile 
route to complexes containing the Tc-N group. With reducing ligands reduction 

VI V of Tc to Tc occurs e.g. reaction of [AsPh4][TcNCl.] with 
triphenylphosphine results in the formation of [TcNCl (PPh ) ]. 

The crystal structures [AsPh^tTcNCl^] 3, [AsPh 4][TcNBr 4] 4, 
[AsPh 4] 2[TcCl 6] 5, and [AsPh4][TcO(bdt)2] (bdt 
benzene-T,2-dithiolato) have been determined. The structure of 
[AsPh UTcNBr 1 is the first determination of a Tc-Br bond distance. 4 4 
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3. Baldas, J., Boas. J.F., Bonnyman, J. and Williams, G.A., Studies of 

Technetium Complexes, Part 6. The Preparation, Characterisation, and 
E.S.R. Spectra of Salts of Nitridotetrachloro- and 
Nitridotetrabromotechnetate(VI): Crystal Structure of Tetraphenylarsonium 
Nitridotetrachlorotechnetate(VI), J. Chem. Soc. Dalton Trans.. 1984, in 
press. 

4. Baldas, J., Bonnyman, J., and Williams, G.A., Structural Studies of 
Technetium Complexes. VIII. The Crystal Structure of 
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press. 
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ELECTRON SPIN RESONANCE STUDIES OF TECHNETIUM COMPLEXES 

J F Boas 

Technetium-99m complexes are widely used as functional and imaging agents 
in nuclear medicine. However, the structure and fundamental chemistry of 
technetium complexes is not well known. The use of the long-lived 
technetium-99 nuclide allows conventional chemical, structural and 
spectroscopic studies to be performed on these complexes. Electron spin 
resonance (e.s.r.) is a spectroscopic technique capable of giving detailed 
information about the electronic structure and bonding of the technetium ion 

2+ in its three paramagnetic valence states, namely Tc (outer electron 
5 4* 3 6* 1 

configuration 4d ), Tc (4d ) and Tc (4d ). Very few e.s.r. 
studies of technetium complexes have been reported in the literature. 

Studies of a number of systems are in progress. 

2+ (i) An e.s.r. study of the Tc ion in five- and six- coordinate 
complexes involving the nitrosyl ion in an out-of-plane position has 

5 shown the behaviour expected from a 4d ion, where the strong 
ligand field has resulted in a low spin complex. The interpretation 
of the spectra of [(^AsKfTcNOfSCN)..)] has shown that the 
current methods of analysis of the e.s.r. spectra of low spin d 
complexes may not be adequate. 

(ii) An e.s.r. study of the ions [TcNCl.] and [TcNBr.] has been 
made in conjunction with x-ray crystallographic studies. The results 
show the trends in g and hyperfine values expected from the position 

2 of the Tc ion 1n the periodic table. 

(ii1) The e.s.r. studies of the complex lris[2 aminobenzenethiolato 
(2-)-S,N] technetium(VI), pc(abt) ], in non-aqueous solution and 
of the rhenium analogue [Re(abt) ] have shown evidence for an 
unusually high degree of electron derealization through the 
metal-sulphur bonds. In the case of [Re(abt) ], the derealization 
1s such that weak electronic exchange interactions occur between the 

3 
metal ions on neighbouring molecules. Computer simulations of the 
e.s.r. spectra and a consideration of the x-ray crystallographic 
evidence in the solid state have led to the proposition that a number 
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of dimeric structures exist in dilute frozen solutions of 
[Re(abt) ], where the Re atoms are between 9 and 10 A apart and the 
intermolecular exchange pathway is via the benzene rings. Discrete 
dimerisation does not appear to occur for [Tc(abt) ], although 
polymeric aggregates are formed at solute concentrations of ca 
1 x 10~ 3 M. 
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BIOLOGICAL BEHAVIOUR OF 9 9 m l c - COMPLEXES BASED ON THE TcN GROUP 

J Baldas and J Bonnyman 

Many methods have been described for the reduction of pertechnetate 
99m ( Tc) in the preparation of Tc-99m labelled radiopharmaceuticals. These 
include stannous ion, electrolysis, sodium borohydride and sodium dithionite. 
These labelling procedures generally lead to the reduction of 1c to the Tc(IV) 
or Tc(V) oxidation state. In many cases the compound prepared contains the 

V Tc 0 moiety. Recently we described the preparation and crystal structure of 
tetraphenylarsonium nitridotetrachlorotechnetate (VI) which we have used to 
prepare a range of compounds containing the TcN core . This preparative 

99m method has been modified to prepare a range of Tc - complexes containing 
the TcN group and to study the effect of this group on biological behaviour. 

Chelating agents investigated to date include gluconate, pentetate (DTPA), 
cysteine, methylene diphosphonate (MDP), ethane 1-hydroxy-l-l'-diphosphonate 
(EHDP), dimercaptosuccinate (DMSA), thiomalate (TMA) and thiourea. In all 
cases the presence of the TcN group produces a Tc-complex whose 

99m biological behaviour is different to that of the Tc-complex obtained 
99m using the same ligand and a different reducing agent. TcN-MDP and 

TcN-EHDP show insignificant bone uptake behaving more as a blood pool 
99m agent. It is thought that this may be due to ligand exchange of the TcN 

group in vivo. On the other hand TcN-OMSA is surprising in that it shows 
significant bone uptake. Studies with other ligands are in process. The 
use of the labelling process for labelling monoclonal antibodies is also being 
investigated. 

99m Where possible the Tc-complexes are being characterised by HPIC using 
a radioactivity detector. With this system it has been possible to confirm 
that TcN group remains attached to the OTPA ligand in the carrier free 
state. Using gradient elution techniques Tc -DTPA, Tc -DTPA, 

TcN-DTPA and TcO- can be readily resolved and measured. Studies 
performed using HPLC have demonstrated the great stability of the 
99m 

TcN-DTPA complex. Over a 24 hour period no significant breakdown of 
99m 

TcN-DTPA is observed. 



41 
Ihe desirability of using a substitution route for the preparation of 

99m 2 
Ic-radiopharmaceuticals has long been recognised . However use of the 

method has been minimal because of the difficulty in obtaining Tc in a 
suitable chemical form at the Tc concentrations used for radiopharmaceutical 
production. The nitrido labelling technique is a comparatively simple method 
for the preparation of a wide range of radiopharmaceuticals based on the Tc. VI While Tc is initially present as Tc in TcNCl. , it has been found that V reduction usually tak«s place to the Tc state if the ligand has the ability 
to act as a reducing agent. Ligand substitution then takes place around the 

2+ TcN core. In all cases studied to date, the presence of the nitrido group 
has been found to alter the biological behaviour of the To-labelled 
ligand. Nitrido labelling ha' been found to be particularly suitable for the 
labelling of "soft" ligands. 

1 3 Results of the above studies are being reported in the literature ' . 
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IMPROVED MEASUREMENT SYSTEM FOR THE WHOLE BODY MONITOR 

L H Kot er 

As has been described previously (1,2) a technique has been developed to 
optimise detector positioning in a static four detector whole-body counting 
system. The technique requires a knowledge of the efficiency (e) at a point 
(h,d) below the detector at an arbitrary photon energy (E). To this end the 
following semi-empirical expression has been developed (1,2). 

e(h,d,E)=K(E) 
[h-R(h,E)]2 

[[h-r(E)] [ h2+d2-R(h,E)]]2 
(1) 

where e(h,d,E) is the efficiency at a vertical distance h and horizontal 
distance d from the centre of the detector. The parameters r(E) and R(h,E) 
represent a displacement of the effective point of measurement towards the 
source. 

This expression has been determined valid in the range 122 keV (Co-57) to 
2599 keV (Co-56). The variation of K,r and the broad-beam attenuation 
co-efficient with photon energy are depicted in Figures 1,2 and 3. For all 
energies, the relationship between R and h can be expressed by either a linear 
or quadratic function. However, a study of the data confirms a previous 

.. f •. 

._.J 

J - 4 

! 'f 
i 

-1 
•7T 

+ 

W3«« finer »r„1 

Figure 1. Relative photon efficiency Figure 2. Measurements performed 
for 150mm x 75mm Nal(Tl) vertically beneath detector, 
detector. 
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Figure 3. Measured broad beam attenuation coefficients. 

comment (2) that there is nc overall pattern which can be related to photon 
energy. The relationship between R and h at 121 keV and 2599 keV are depicted 
in Figures 4 and 5. 

In order to verify expression (1) measurements have been performed using a 
water filled absorber placed between source and detector. The absorber is a 
cuboid of size 11 cm x 17 cm x 40 cm long. In these experiments the actual 
measured efficiency is compared to the calculated efficiency determined from 
equation (1) plus a term to account for photon attenuation within the 
absorber. There are two methods of determining this attenuation. The 
simplest is the calculation of absorption along a single ray from the source 
to the detector centre. In the alternative method the detector is replaced by 
the disc centered on its geometric centre. The attenuation between source and 
detector is calculated from a weighted mean of the attenuation of a series of 
rays from the source to various segments regions of the disc (2). The two 
measurement geometries which are in use are depicted in figures 6(a) and 6(b) 

'-• °- i ?p 

o -f,b 

0.0 4 0 — 0. 
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respectively. For the first geometry, both methods of calculating attenuation 
give similar results (2), which are usually within 20 •/. of the measured 
efficiency. However with respect to the geometry depicted in figure 6(b) the 
simple method can underestimate the attenuation by up to a factor of 4, whilst 
the complex procedure again generates results to within 20 V . of the 
measurements. In order to improve the agreement it is necessary to shift the 
geometric centre of the detector a few centimeters towards the source, thereby 
improving the agreement usually to within ± 5 °/ c. At present it is still 
not clear how to generalise these experimental results. 
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ESTIMATION OF THE LUNG BURDEN OF URANIUM 

L H Kotler 

The first stage in the establishment of a standard procedure to estimate 
lung burdens is complete in that a satisfactory lung and chest phantom has 
been developed (1). At present, work is proceeding on the second stage. This 
entails the development of a method which will allow a prediction of the 
response of the detectors to a subject or arbitrary build. To this end the 
spectral response of a group of about 50 'normal1 males of varying physiques 
and ages has been determined using the standard 2 detector geometry (1). In 
conjunction with prone and supine measurements on the subjects, the 
transmission in the chest region for the U-235 gamma ray has also been 
measured. 

All 'normal' spectra are to be decomposed into 3 constituent standard 
spectra using a conventional least-squares fitting procedure. The first 
standard spectrum represents the scattering of the ambient photon flux within 
the chamber by the bulk of the subject. This spectrum has been generated from 
spectra which are the difference between the spectrum due to a 70 kg 
anthropomorphic water phantom and that due to the empty chamber. Two other 
standard spectra are required to specify the K-40 contribution of the 
subject. The first of these represents the detector response to the 
unscattered K-40 photons. This spectrum has been generated from measurements 
on a rod of inner diameter 20 mm and length 2 metre filled with a potassium 
salt. The final standard spectrum represents the scattering of the K-40 
photons within the subject. This spectrum is the difference between the 
response to a distributed K-40 source and the response to the 'rod' source, 
normalised for equal photopeak areas. 

In performing least squares fitting procedures it is extremely important 
that the gain of the system during subject measurements be identical to that 
during derivation of standard spectra. However it has been found iposslble 
to stabilise system gain. This is due to the existence of rate dependent 
photomultiplier gain variations possibly due to reversible dynode effects (2) 
or the existence of hysteresis effects (2) which cause different gain levels 
at fixed count-rates. The extent of these gain shifts are unique to each 
detector (photomultiplier tube). Therefore it is necessary to correct each 
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detector gain individually and the extent of the shift will depend on the 
previous use of the detector. Fortunately, the presence of the K-40 peak in 
all subject spectra allows direct determination of gain shifts. In 
determining the gain shift corrections the non-linearity of the Nal(Tl) pulses 
at low energies must be considered. The corrections for non-linearity have 
been determined empirically and a computer program has been written which 
incorporates both a conventional linear gain shift (3) plus a non-linear 
portion. 

An important consequence of the use of gain corrections is that there will 
be correlations between counts in adjacent channels in the pulse height 
spectral data. This argument applies both to the gross subject spectral data 
and the background. Thus it is difficult to determine uncertainties in the 
net pulse height data and in the parameters derived from the subsequent 
fitting procedure. This problem can be bypassed by repeatedly randomising the 
original raw data (Poisson distribution) and performing the sequence of 
mathematical operations on the randomised data. The scattering in the values 
of the final parameters will indicate the accuracy of the least squares 
fitting procedure. 

As a final check on the reproducibility of these procedures, 2 male 
subjects are being measured regularly in the standard manner. 
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RADIONUCLIDE METROLOGY EFFICIENCY CALIBRATION 
OF LOW ENERGY PHOTON SPECTROMETERS 

P A Burns, P N Johnston and J R Moroney 

INTRODUCTION 
A low energy photon spectrometer (Ortec HPGe Model N.1013 200 mm 7 mm 

thick) has been calibrated for full energy peak efficiency in the energy range 
8 to 25 keV. In order to attain a high degree of accuracy, an experimental 
approach using a coincidence technique (Burns et al (1983a)) and a theoretical 
approach using Monte Carlo techniques to calculate the spectrometer 
efficiency, were used (Burns et al (1983b)). By fitting the experimental 
points to the shape produced by the computer model an accurate efficiency 
curve can be produced. 

EXPERIMENTAL CALIBRATION 
The experimental work to calibrate the detector by the coincidence method 

was completed in 1982 and the analysis of the data was performed early in 57 65 75 85 1983. The following nuclides were used - Co, Zn, Se, Sr, 
88 u 99m T 109 n J . 113 c T U . _ t . * * . 

Y, Tc, Cd and Sn. The photon of interest in each case was 
the Ka X-ray of the daughter nuclide which in some cases was generated by the 
electron capture process and in others by the internal conversion process 
(Burns et al 1983b). 
COMPUTER MODELLING 

The physical processes involved in the detection of photons were modelled 
using Monte Carlo methods. An important assumption in the modelling process 
is the value of the dead layer in the germanium crystal. 

Ihe dead layer of germanium can be determined experimentally by using the 
Ka and KB X rays of arsenic (from Se decay) whic^. fall either side of the 
germanium K absorption edge (Pesara 1983) as the attenuation coefficient for 
germanium varies quite significantly across the edge. The attentuation 
coefficients are well known but the values reported for the K./Ka ratio are 
a theoretical value by Scofield (1974) of 0.156 and a fitted value by Salem et 
al (1974) of 0.152. It was decided to measure the K /Ka ratio using a high 



48 
resolution Si(li) detector. After initial problems with source detector 
geometry due to the small size of the Si(Li) detector (6 mm diameter by 3 mm 
thick) a highly collimated source geometry was used and a value for K./Ka of 
0.1559 i 0.0005 obtained. 

Using this value good agreement between the experimental values and the 
model was achieved. 

This work is now completed and is currently being written up. 
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FLUORESCENCE YIELD AND COSTER-KRONIG TRANSITION PROBABILITY 

FOR THE L2 SUBSHELL OF Ra. Th. Pa. U. Np and Pu 

P N Johnston, J R Moroney and P A Burns 

INTRODUCTION 
The investigation being undertaken to determine the Coster-Kronig 

transition probability (f?o) a n 0" t n e fluorescence yield (w ) is 
continuing. The investigation is proceeding as previously outlined (Johnston 
et al. (1983)). 

L-SUBSHELL VACANCY DISTRIBUTION 
The primary vacancy distributions for the even-even radionuclides under 

study will be re-calculated using the measured values of our current 
alpha-branching ratio studies (Johnston et al. (1984)). In order to calculate 

237 the primary vacancy distribution for Np, gamma-ray intensity studies have 
237 

been undertaken for Np. The measurements for this study are complete 
however analysis requires coincident summing corrections and finalisation of 
the efficiency calibration (Burns et al. (1984a)). 

(ALPHA. L xr.AY) COINCIDENCE SPECTROMETRY 
7h4i work is discussed elsewhere (Burns et al. (1984b)) and is almost 

complete. 

REFERENTS 
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PREPARATION OF ULTRA-THIN SOURCES AND CALIBRATION STANDARDS 

FOR COINCIDENT STUDIES* AT HIGH RESOLUTION. OF 
RADIATIONS EMITTED BY THE HEAVY HEHENTS 

J R Moroney, P A Burns and P N Johnston 

The techniques for source preparation described previously (Moroney et al. 
210 226 (1983a, b)) have been applied to prepare sources of Pb and Ra for 

139 203 metrological studies and of Ce and Hg for spectrometer calibration. 
The four sets of sources were all prepared by electrodeposition. 

REFERENCES 
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MEASUREMENT OF ABSOLUTE EMISSION RATES OF L XRAYS 

P A Burns, P N Johnston and J R Moroney 

230 234 237 238 The analysis of L xray spectra of Th, U, Np, Pu, 
241 244 

Am and Cm (Burns et al. (1983)) is almost complete. Absolute L xray 
. 230 T U 234,, 238 n . 244„ 

emission rates for Th, U, Pu and Cm are only awaiting the 
finalisation of the efficiency calibration of the Ge(HP) detector (Burns et 
al. (1984)). For Np and Am there are also corrections for 
coincident summing to be made. These corrections require data from 
measurements of Np and Am gamma-ray intensities which are currently 
being analysed (Johnston et al. (1984)). 
REFERENCES 
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BRANCHIN6 RATIOS IN THE ALPHA-DECAY OF THE HEAVY ELEMENTS 

P N Johnston, J R Moroney and P A Burns 

230 234 Preliminary determinations of the L xray intensities of Th, U, 
nop OAA 

Pu and Cm (Burns et al. (1984)) showed considerable disagreement 
with theoretical intensities calculated using the latest reiativistic atomic 
emission rates (Johnston et al. (1983a)) and the best available experimental 230 238 alpha branching ratios especially for Th and Pu. 

Thus it was decided to measure the alpha-branching ratios for the decays 
- 230 T t 234.. 238 n . 244„ „ _ J . .. ,, u A of Th, U, Pu and Cm. Methods examined earlier (Johnston 

et al. (1983b)) were abandoned because of the difficulty in quantifying 
uncertainties and poor results for closely spaced doublets. A new method has 
been developed where two spectra are taken simultaneously. These are (i) a 
photon gated alpha-particle spectrum and (ii) the total alpha-particle 
spectrum. Only the lower energy lirre of the principal aipha-doublet in these 
even-even nuclides has an excited final state, thus only this alpha-line is 
associated with photon emission. Hence an alpha-line shape can be obtained 
from the source of interest during the measurement of interest. Thus the main 
tailing problem can be overcome. However there are still some difficulties in 
fully accounting for "satellite effect". 

Preliminary results show that the alpha-branch to the first excited state 
226 230 

of Ra in the decay of Th is 10°/ o higher than the value accepted 
by Lederer and Shirley (1978) and Ellis (1977). 
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LASER RADIOMETRY - A MICROCOMPUTER CONTROLLED 
ELECTRICALY CALIBRATED PYROELECTRIC RADIOMETER 

W A Cornelius and R V Sargent 

INTRODUCTION 
An electrically calibrated pyroelectric radiometer (ECPR) is being 

developed fo.- use as a laboratory standard for the measurement of radiant 
power from c.w. lasers operating in the wavelength range from 200 nm to 1.5 ym 
(1). (2). 

A functional schematic diagram of the ECPR circuitry is shown in 
figure 1. The ECPR employs a microcomputer controller to perform the complex 
measurement and control functions required. 

PYROELECTRIC DETECTION 
The ECPR detector element consists of a polyvinylidene fluoride (PVDF) 

2 pyroelectric detector with an active area of 95 mm . Optical radiation to 
be measured is square wave modulated with a mechanical chopper blade at a 
frequency of approximately 240 Hz. Light falling on the detector heats a 
broadband optical absorbing layer (gold black) on the front surface of the 
detector. Temperature changes in the PVDF cause a corresponding change in the 

FIGURE 1. Proposed ECPR circuitry. 
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nett electrical polarization across the PVDF layer. Compensating charge flows 
between shcrted electrodes on each face of the PVDF layer. A high gain 
current preamplifier (1) is used to monitor this charge flow. The 
preamplifier output is therefore proportional to the time derivative of the 
temperature of the PVDF. 

PHASE SENSITIVE DETECTION CIRCUITRY 
The analog signal from the preamplifier is digitized by means of a high 

frequency (500 kHz.V~ ) voltage controlled oscillator (V.C.O.). Phase 
sensitive detection is accomplished by means of two gated 16 bit counters. 
The gate reference signal is a square wave in phase with the optically 
stimulated pyroelectric signal from the preamplifier. One counter accumulates 
during the positive gate reference period and the other counter accumulates 
during the zero voltage gate reference period. Following each counting cycle 
data is read into the microcomputer via buffer registers. The counters are 
cleared prior to each counting interval. 

The difference in counts between the two counting channels reflects the 
strength of the pyroelectric signal. 

Signal to noise enhancement, within a single measurement cycle (see 
SOFTWARE), is performed by averaging counts over a suitable number of counting 
cycles. The signal to noise enhancement ratio is /N, where N is the number 
of counting cycles. The value of N used is determined by the accuracy 
required and the time constraints of the measurement cycle. Count averaging 
is done over consecutive counting cycles with N an integral multiple of the 
number of apertures in the chopper blade. This method is one of several 
measures needed to compensate for possible assymetry in chopper blade 
geometry. Other measures are included as correction factors which are to be 
determined by the operating software in instrument check and initialization 
procedures that occur prior to the actual measurement routine when the ECPR is 
switched on. 

NULL BALANCE ELECTRICAL CALIBRATION 
A thin nickel coating, underneath the gold black layer, functions as an 

electrical heater element in the pyroelectric detector. A voltage is applied 
across the nickel heater resistor in the intervals between successive optical 
pulses. The microcomputer controller adjusts the electrical power in the 
nickel heater so that a signal null is obtained in the counting detection 
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circuitry. This condition establishes that the heating effect of the optical 
and electrical signals on the pyroelectric are equivalent. The optical power 
can therefore be determvied by measuring the electrical power required for the 
null balance condition. 

The nickel heater element is also required to act as a virtual earth 
electrode for pyroelectric detection. A bipolar heating signal is therefore 
applied across the nickel heater electrode. This signal is also reversed in 
direction on each successive heating cycle (see fig. 1). This method 
effectively eliminates the effect of capacitive pick-up in the time averaged 
pyroelectric signal. 

ELECTRICAL POWER MEASUREMENT 
The electrical power applied to the pyroelectric detector is determined by 

measuring the current flowing through a high stability resistor (Rl in fig. 1) 
and multiplying by the voltage measured across the nickel heater layer. A 
separate resistor is used to monitor current because the temperature 
coefficient of resistance of the nickel layer is unacceptabiy high (approx. 
0.06 °C ) for this purpose. Voltages across Rl and the nickel heater are 
monitored by means of a high input impedance differential amplifier. Resistor 
R2 is chosen to maintain the virtual earth required at the heater. 

ELECTRICAL/OPTICAL INEQUIVALENCE CORRECTION 
The pyroelectric signals arising from electrical and optical heating 

effects are not quite equivalent for the following reasons: 

(a) Heat generated in the gold black through absorption of optical 
radiation must conduct through the gold black before it reaches the site of 
electrical heat deposition (the nickel heater layer). 

(b) Not all of the optical radiation is absorbed by the gold black (i.e. 
some light is reflected). 

Phase and amplitude inequivalence due to (a) is determined experimentally 
through the analog computer technique outlined in a previous report (2). 
Inequivalence due to (b) is determined by measuring the spectral reflectivity 
of the gold black coating. 
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The amplitude inequivalence characteristics of the pyroelectric detector 

will be stored in PROM look up tables and the appropriate corrections will be 
made through the microcomputer software. The phase difference between 
electrical and optical heating signals is compensated through the use of an 
additional phase shifter employed in the ECPR reference signal line prior to 
the heater power supply. 

SIGNAL MULTIPLEXING FEATURES 
Several signal lines are multiplexed through low resistance solenoid 

relays incorporated in the ECPR circuit. This multiplexing has reduced the 
number of critical components involved in analog to digital conversion so that 
only one V.C.O. and one pair of counters are required. The provision of 
additional multiplexed signals such as voltage reference, 1 kHz and 10 MHz 
reference oscillators and ground lines allows the microcomputer to perform 
test routines on major circuit components. For example, the frequency of the 
optical chopper is readily determined by reading out the 16 bit counters when 
the 10 MHz reference signal is presented to the counter input. 

DETECTOR DESIGN 
Initial problems involving the fabrication of pyroelectric material apd 

the production of detectors with adequate mechanical stability and uniformity 
in surface responsitivity have now been solved. An additional design 
requirement is that peripheral lead connections to the detector be 
sufficiently robust to enable easy handling so as to allow the detector to be 
changed when necessary. Furthermore, it is imperative that electrical 
connections between the nickel heater layer and the heater current supply 
lines be of very low resistance. We achieve the necessary electrical 
connections by means of a circuit board with etched copper tabs in intimate 
contact with matching vacuum coated gold tabs at each end of the nickel 
resistor layer. The circuit board is to be fastened by four mounting screws; 
in preference to our earlier use of conducting varnish and epoxy resin which 
proved unsatisfactory due to frequent mechanical failure. 

OPTICAL CHOPPER 
A special optical chopper has been designed and constructed for use with 

the ECPR. Chopping is performed by a motor driven chopping disk with four 
blades. The chopper blades have been given a large aperture in relation to 
the maximum chopped beam size in order to minimize signal phase errors. Each 
blade has been given an aerodynamic profile 1n order to achieve the required 
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blade velocity. The aerodynamic profile also assists with low acoustic noise 
characteristics necessary to eliminate piezoelectric signal generation in the 
pyroelectric detector. The chopper gate reference signal is generated by a 
high speed photodiode viewing a light beam interrupted by the chopper blades. 

SOFTWARE 
Software routines have been developed for data acquisition and control 

during prototype testing. Initial software was written in BASIC with calls to 
Z80 ASSEMBLY routines. All software has now been converted to PASCAL because 
programming is easier and machine execution is faster. ASSEMBLY routines will 
still be used for the operations that must be performed m«re rapidly than 
PASCAL will allow. 

Though not yet translated into computer code, the detailed features of 
logical flow and mathematical formulation of the ECPR control program have now 
been established. No significant changes are anticipated in the final PASCAL 
translation. The essential features of the operation of the ECPR are as 
follows. 

At instrument switch on, the ECPR control program will initially perform 
individual circuit module tests and determine system parameters required for 
the calculation of optical power and measurement uncertainty. Tests performed 
will include; 

(i) counter check, 
(ii) V.C.O. check, 

(iii) differential amplifier check, 
(iv) phase shifter and heater check, 
(v) chopper motor check and 

(vi) pyroelectric detector/preamplifier check. 
Before the measurement cycle begins the phase of the optical signa will be 
determined and the phase shifters will be set accordingly. The measurement 
cycle will consist of: 

(a) a pyroelectric signal nulling routine, 
(b) measurement of chopper frequency, heater current and heater 

voltage and calculation of electrical power and 
(c) display of accumulated m n n optical power and total measurement 

uncertainty. 
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If the instantaneous optical power differs by more than 4.5 noise level 

standard deviations from the accumulated mean then a new accumulated mean will 
begin. In this manner, the instrument will achieve increasing accuracy with 
increasing measurement time when a constant optical input power exists. When 
a significant transient step change occurs in the optical power then a rapid 
response time will follow (equal to the period of a single measurement cycle). 

When required the operator will be able to restart the control sequence at 
(i) the beginning of the circuit test routines or 
(ii) at tr.e point where optical phase is determined. 

The latter option will be used when the optical beam is repositioned on the 
detector or a new optical input is presented to the detector. Options may 
also be included to allow the operator to vary the time taken in a single 
measurement cycle and thus modify noise tolerance and transient response. 

PRESENT STATUS 
All of the major circuit modules shown in figure 1 have been individually 

tested and proven in prototype form. A complete ECPR is now under 
construction and no significant problems are expected although some circuit 
modifications have been required in order to ensure compatability of circuit 
modules. Operating software routines will be fully tested when the hardware 
has been assembled. 
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PHOTORADIATION IN THE TREATMENT OF TUMOURS 

Hematoporphyrin Derivative and Laser Photoradiation 

V Delpizzo, W A Cornelius, P M Pojer 

Photoradiation therapy (PRT) of cancer is a relatively new technique which 
is being used in the treatment of a wide range of tumours. The therapy 
entails the use of a photosensitizing drug which is preferentially absorbed by 
the tumour and which becomes toxic when exposed to light. The use of fiber 
optics probes allows the irradiation of internal cancerous tissues. 

Currently hematoporphyrin derivative (HPD) is by far the most widely used 
photosensitizer. HPD has the added advantage of exhibiting a strong 
fluorescence in the red when irradiated with blue light, thus assisting in the 
early detection of small (1-2 mm) malignant and even premalignant lesions. 
Although clinical applications of PRT are reported in the literature with 
increasing frequency, the physical aspects of the technique require more 
investigation as little is known yet of the mechanisms involved. Weishaupt et 
al (1) have irradiated a mixture of HPD and benzofuran and have observed 
formation of dibenzoylbenzene, an oxidation product of benzofuran, thus 
inferring that singlet oxygen, a strong oxidant, had been produced. 

We have reproduced this result by irradiating a sample consisting of two 
parts of an aqueous solution of HPD (0.2 mg/1) and one part of ethanol 
saturated with benzofuran. The solution was exposed to light generated by a 
frequency doubled Nd laser (wavelength = 532 nm). After irradiation an equal 
volume of chloroform was added to extract the oxidation product. A gas 
chromatograph analysis of a sample from this chloroform solution revealed a 
marked increase in the quantity of dibenzoylbenzene (a small amount of 
dibenzoylbenzene, due to the normal oxidation of the furan was also present in 
the non-irradiated sample). 

This approach offers indirect evidence of the fact that singlet oxygen is 
produced and it is claimed that this is the cytotoxic agent. However the 
furan by removing the singlet oxygen as it is produced makes it impossible to 
study the effect that the latter would have in the normal clinical 
application. Therefore we plan to do this by monitoring the emission at 
1268 nm associated with the 

\ 3H 
a -> *— 
9 9 transition of molecular oxygen (2,3). 
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The lasers existing in the Laboratory at present are unsuitable for this 

purpose and we have purchased a dye laser which will be operated in the 
green-yellow region of the spectrum. 

Since the transition of interest is a forbidden one observing the infrared 
emission requires extremely sensitive detectors and sophisticated signal 
processing techniques. Having taken into consideration the absorption of the 
HPD and water, a cell has been designed which will optimize absorption of 
light by the sample and the collection of the luminescence by a germanium 
photodiode (fig. 1). Preliminary work on the design of a fast signal 
amplifier has been completed. 
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SPECTRORADIOHETRIC MEASUREMENT OF SOLAR ULTRAVIOLET RADIATION 

C R Roy, H P Gies, G Elliott and V Delpizzo 

INTRODUCTION 
The need to determine accurately the spectral power distribution of solar 

ultraviolet radiation (UVR) at the earth's surface was discussed in the 1982 
report. An attempt to make these measurements using a portable and 
non-dedicated spectroradiometer was only partially successful. The instrument 
used incorporated a single grating monochromator, a solar blind 
photomultiplier tube (PHT) detector and order sorting filters, however, stray 
light levels in the vicinity of 290 nm (approximate onset of solar UVR at the 
earth's surface) were unacceptably high. A dedicated system has been designed 
to overcome problems in the present instrumentation. 

EXPERIMENTAL DETAILS 
The new instrumentation incorporates a Spex 1680B double grating 

monochromator. A schematic of the complete system is shown in Figure 1. 
Laboratory evaluation of the system is presently being undertaken. An 
important requirement of the system is that it can accurately follow the 
'onset'. 

An attempt to verify this is shown in Figure 2. A sharp cutoff filter was 
incorporated into the input optics of the single and double monochromator 
systems which were then used to measure the irradiance of a standard lamp. 
The transmission of the filter decreased by 3 or 4 orders of magnitude between 
300 and 270 nm. The difference between the single and double systems below 
about 285 nm is due to the poor stray light rejection of the single system. 
In this regard a dramatic improvement is evident with the double system. 

Below 280 nm the current from the double system is due to noise from the 
PMT plus the small amount of radiation transmitted by the filter. This will 
be further improved by the use of a low dark current PM1 which will be housed 
in a PMT cooler and operated at -25°C. 

With the completion of laboratory testing the equipment will be 
permanently installed on the roof of the laboratory. Tasks remaining to be 
completed prior to installation include the design and construction of the 
input optics as well as the inclusion of standard lamps for spectral 
irradiance and wavelength calibration. 
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ULTRAVIOLET LASER INDUCED REACTIONS IN ORGANIC 

AND INORGANIC SYSTEMS 

C R Roy, V Delpizzo, D W Tomlinson and P H Gies 

INTRODUCTION 
This project aims to study the photochemistry following the absorption of 

ultraviolet (UV) photons by molecules of biological interest. Of particular 
initial interest is the skin where the absorption of UV radiation initiates a 
series of effects and responses that occur on widely different time scales and 
which are affected by the presence of various compounds. A wide variety of 
cutaneous photosensitising chemicals of therapeutic, industrial or 
agricultural origin may reach the skin directly or via the bloodstream. The 
UV absorption of these compounds is generally well-known. However, the 
binding of these compounds to skin components, for example, amino acids, may 
yield a complex that has a different absorption spectrum and is more reactive 
to UV radiation than either of the individual compounds. Initially, this 
general area of chemical photosensitivity is being studied. 

Fluorescence from short-lived intermediates following absorption of a 
pulse(s) of UV laser radiation will be measured. Steady-state experiments 
will also be performed in which final products will be analysed using standard 
techniques (for example, chromatography, spectrophotometry, etc.). 

EXPERIMENTAL DETAILS 
A computerised detection and data acquisition system has been constructed 

for both steady-state and pulse experiments. An MSNW Exci-lite XL-401 laser 
produces a UV output of 5-10 mJ per pulse at repetition rates of up to 100 
pulses per second. The laser is designed to operate on the rare gas halide 
excimers and has been tested successfully with KrF (249 nm), XeCl (308 nm) as 
well as N2 (337 nm). 

RESULTS AND DISCUSSION 
Chemical photosensitisers include antimicrobial agents (tetracyclines, 

sulfonamides), drugs (thiazides, psoralens) and others including cosmetics and 
sunscreens. The psoralens are a group of phototoxic compounds that have been 
studied in some detail by others in an attempt to understand the mechanics of 
toxicity. Aspects of psoralen photochemistry have been investigated to verify 
previous results and to test all aspects of the irradiation, detection and 
data acquisition systems. 
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The absorption of a single XeCl laser photon by a 50 yM aqueous solution 

of 8-methoxypsoralen (8-MOP) gives rise to an intense blue emission. Figure 1 
shows the intensity-time profile at 535 nm. Computation of the decay kinetics 
must take into account the characteristics of the XeCl pulse which has a FWHM 
of approximately 3 ns. When an equal concentration (50 i»M) of uridine was 
added to the psoralen solution there was a slight decrease in the emission 
intensity after 2 minutes at a laser pulse frequency of 50 Hz. However when 
the uridine concentration was increased to 50 mH the emission was not 
detectable after 2 minutes. It is thought (1) that in the presence of excess 
uridine, photoaddition of psoralen to the uridine occurs and it is this type 
of addition product that is ultimately responsible for the photosensitization 
reaction. Purines (adenine and guanine) showed no photoreactivity with 8-MOP 
as has been shown previously. 
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Intensity-time profile of the emission from 8-MOP following the 
absorption of a single pulse of XeCl laser radiation. 
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THE PHOTOBIOSYNTHESIS OF VITAMIN D3 IN THALASSAEHIC CHILDREN 

C R Roy, P h Gies, J A Eisman,* and R N Mathews** 

INTRODUCTION 
Exposure of human skin to ultraviolet (UV) radiation initiates a host of 

biological effects immediately following the absorption of UV photons within 
the tissue. The appearance of delayed erythema is the most commonly used end 
point in photobiology, but this is only one small part of the cutaneous 
response to UV exposure. The production of vitamin D3 is also an indicator of 
absorbed UVB radiation. In fact, the only known beneficial effect of UV 
radiation on skin is the conversion of 7-dehydrocholesterol (7-DHC) to vitamin 
D3 (via previtamin D3) in skin. This projects aims to study the 
photobiosynthesis of vitamin 03 in a control group of subjects. Thalassaemic 
children form a group of considerable interest. 

The thalassaemias are a group of diseases characterised by the deficient 
production of one or more of the globin (protein) chains of the haemoglobin 
molecule which results in inadequate oxygen transportation. Management of 
thalassaemia (major) is with regular blood transfusion. However, this results 
in a buildup of iron and in order to minimise iron deposition in tissues, a 
chelating agent, desferrioxamine, is given by daily intramuscular injection. 

A common clinical problem in children with thalassaemia is osteoporosis 
with liability to fractures. A possible cause of osteoporosis in a growing 
child is chronic calcium and phosphate deficiency. In this regard, the 
abnormally low circulating levels of 25-hydroxyvitamin D (25-OH D) which have 
been found in thalassaemic children, particularly in winter (1,2), indicate 
that abnormal vitamin D metabolism is an important factor. 

Since skin pigmentation is a factor in the photobiosynthesis of vitamin D3 
in man, it is possible that the increased skin pigmentation induced by iron 
overload in thalassaemics may be an etiological factor in the low 25-OH D 
levels. The photobiosynthesis and 25-hydroxylation of vitamin D3 in 
thalassaemic children with varying degrees of pigmentation will be compared 
with that in their norma! siblings. 

* Garvan Institute, St Vincent's Hospital, Sydney 
** lhalassaemic Clinic, Royal Children's Hospital, Melbourne. 
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The two groups will be exposed to a controlled amount of UV radiation; 

plasma vitamin 03 and 25-OH 0 levels will be measured before and at various 
stages following exposure. 

ULTRAVIOLET RADIATION SOURCE 
The UV source chosen for this study is an Oliphant Sunlamp FL-20 SE, 60 cm 

long fluorescent lamp. The measured spectral irradiance is shown in Figure 
1. The optimum wavelengths for the photochemical transformation of 7-DHC to 
previtamin 03 in human skin are between 295 and 300 nm with an apparent 
maximum near 297 nm (3). This action spectrum is also plotted in Figure 1 
together with that for erythema. The two action spectra are almost identical 
in the 290-310 nm region. Therefore skin type (and its ability to tan) will 
provide useful information in establishing the UV dose to be given. The 
actual dose will be determined from the results of trials prior to the start 
of the clinical study. However the dose will not be normally greater than one 
MED (minimum erythemal dose). A sunbed incorporating approximately 24 of the 
UV tubes will be constructed. A section (with 10 tubes) of the proposed 
sunbed has been made and tests are underway to optimise the positioning of 
tubes, reflectors and perspex cover in order to achieve a uniform dose over 
the length and breadth of the bed. 

ANALYTICAL 0ETAILS 
Established techniques for the accurate determination of vitamin D and its 

metabolites from a single lipid extract of human plasma or serum requires 
preparative chromatography for separation and initial purification of vitamin 
D and its metabolites before assay by high-performance liquid chromatography 
with UV detection (HPLC-UV). A rapid batch-elution, preparative 
chromatographic technique using disposable silica cartridges to achieve the 
separation and initial purification has been modified to suit, more exactly, 
the needs of the present project. However, the results of extensive testing 
indicate that UV detection does not have the required sensitivity. 

A competitive protein binding assay using sheep plasma (5) has been 
modified by the incorporation of the rapid batch-elution technique developed 
for the HPLC-UV method. A typical binding curve is shown in Figure 2. The 
assay can detect as little as 0.1 ng of vitamin D3 - expected levels would be 
several ng/ml of plasma. The assay is extremely time-consuming and attempts 
are being made to streamline procedures without jeopardising sensitivity. 



67 
REFERENCES 

Tsitoura S et al.. (1978) Arch. Dis. Child, 53:347. 
deVernejoul M C et al., (1982) J. Clin. Endocrinol. Metab, 54:276. 
MacLaughlin J A, Anderson R R and Holick M F (1982) Science 216:1001. 
International Commission on Illumination, Berlin 1935, Compt. Rend. 9:59i>. 
Horst R L, Reinhardt T A, Beitz D C and Littledike E T (1981). Steroids 
37:2792. 

100 

501 

250 260 270 280 290 300 310 320 330 340 350 360 370 390 390 100 
Wavelength (nm) 

Figure 1. Measured spectral irradiance of the Oliphant FL-20SE UVB source. 
Also plotted are the action rpectra for erythema and for the 
photochemical conversion of 7-DOH to previtamin D3. 
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Vitamin D3 binding curve obtained for the competitive binding 
assay using sheep plasma. 
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ABSORPTION OF RADIO FREQUENCY RADIATION 

K H Jovner 

INTRODUCTION 
Within a biological system exposed to radiofrequency (RF) radiation, 

internally induced electric fields give rise to ionic currents and molecular 
excitations which ultimately lead to a thermal load on the tissue. A great 
deal of work has been reported on the induced thermal patterns in tissue as 
functions of tissue shape and frequency of irradiation. However, little work 
has been reported on the physiological responses such as temperature and 
cardiac output of the system as a whole. It is the physiological responses 
that are of most interest. 

DISCUSSION AND RESULTS 
The physiological model of a standard human body used in this study is 

based upon a model proposed by Stolwijk (1970). A neck has been added and the 
model now consists of eleven appropriately sized cylinders representing the 
neck, trunk, left and right arms, hands, legs and feet; the head is 
represented as a sphere. The cylinders and sphere are each subdivided into 
Tour concentric or spherical layers (compartments) representing the core, 
muscle, fat and skin layers. An additional central blood compartment 
representing the large blood vessels, exchanges heat with all other 
compartments. 

The RF energy is predominantly absorbed into the high water content 
tissues such as blood and muscle. The model predicts temperature increases 
and cardiac outputs versus levels of exposure known to exist in the work 
place. The exposure levels are converted into specific absorption rates (SAR) 
and normalized to the body mass. The SAR is expressed in watts per kilogram 
(W/kg). 

Graphs of the core blood temperature and cardiac output versus time over a 
working day are shown in figures (1) and (2) respectively. The working day 
has been broken down into 1 3/4 hours work, 1/4 hour break, 2 hours work, 1/2 
hour break, 1 3/4 hours work, 1/4 hour break and another 2 hours work. The 
exposure level has been set equivalent to 4.0 W/kg. During the breaks the 
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body is assumed to be seated. According to Fanger (1972), operating a light 
electrical machine (it is assumed that an RF heater is a light electrical 
machine) require, a metabolic rate of 219.7 W and that a seated person 
requires a metabolic rate of 110 W. The mechanical efficiency of the work is 
10 the air velocity is 0.1 m/s and the air temperature and relative 
humidity have been set at 30° C and 0.3 respectively. 
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Figure 1. Central blood temperature versus time for SAR = 4.0 W/kg, 
work = 133.2 W, air temp. = 30°C, air vel. = 0.1 m/s, rel. hum = 0.3. 

Core temperature rises of around 2°C are predicted by the model. These 
temperatures are above the threshold known to affect foetal development in 
animals. The cardiac output is predicted to increase over 200 °/ 0 which for 
a pregnant women places an extra burden on an already extended cardiovascular 
system. These leveH of exposure ara typical of unshielded RF heaters. 
Survey results of RF heaters are discussed in another article of this review. 
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Figure 2. Cardiac output versus time for SAR = 4.0 W/kg, work = 133.2 W, 
a';r temp. = 30°C, air vel. = 0.1 m/s, rel. hum. = 0.3. 
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EVALUATION OF RADIOFREQUENCY AND 

MICROWAVE PROTECTIVE SUITS 

K H Joyner and M J Bangay 

INTRODUCTION 
As new and more stringent exposure standards are introduced throughout the 

world there is an increasing need for proven protective suits and garments so 
that tasks may be performed in fields well in excess of those recommended. 
Protective suits would be of use where personnel are required to tune high 
power transmitters or work on high power energized towers, that is, in 
situations where the tasks cannot be usefully performed when the power is off. 

DISCUSSION AND RESULTS 
A cylinder 155 mm high and 30 mm diameter was used as a scaled cylindrical 

model of man (scale 1 is to 11.3). 

A material containing 1 °/ 0 very fine (10 ym) stainless steel fibres 
woven in one direction only was used to cover the cylinder. 

The cylinder with and without the material cover was irradiated in a TEM 
2 cell at power flux densities up to 20 mW/cm at frequencies of 220 kHz, 440 

kHz, 27 MHz and 191 MHz. 

The electric fields inside the cylinder were measured with a Holaday HI 
3003 probe and the attenuation of the material determined. The results with 
only the top of the cylinder left uncovered are given below. 

Attenuation (dB) Orientation of stainless stee^ fibres 
220 kHz 440 kHz 27 MHz 191 MHz 

1.1 0.6 0.5 <0.5 Perpendicular to electric field 
8.6 8.0 13.5 11.0 Parallel to electric field 
7.8 6.5 12.0 7.4 45° to electric field 
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The results show that materials with stainless steel fibres woven in one 

direction only are of no use for protective suits. It was also established 
that the smaller the number of openings in the material the better was the 
attenuation. For instance with the bottom of the cylinder also uncovered, the 
attenuation was zero regardless of the orientation of the stainless steel 
fibres. 

A material containing 10 °/ c stainless steel fibres woven in both 
directions is to be evaluated in the manner described. A complete suit is 
also to be evaluated in an anechoic chamber over a range of frequencies up to 
1GHz. The suit will also be evaluated in actual high exposure situations that 
exist in the field. 
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SURVEY RESULTS OF RF DIELECTRIC HEATERS 

K H Joyner and M J Bangay 

INTRODUCTION 
RF dielectric heaters are most commonly used to weld or mould plastics and 

to accelerate the curing time of glues used in the woodworking industry. 

1-4 Results from surveys overseas and preliminary survey results in 
5-6 Australia show that many industrial processes involving the use of 

radiofrequency (RF) electromagnetic radiation expose the operator to 
unacceptable levels of RF radiation. 

In Australia, dielectric heaters are allowed to operate at 13.56, 27.12 
and 40.68 HHz but in practice operate predominantly at 27.12 HHz and 40.68 
MHz. At these frequencies the draft Australian Standard recommends that 

2 2 
the maximum exposure levels be 1.2 mW/cm and 1 mW/cm respectively when 
averaged over any three minute period. Surveys of locally installed 
dielectric heaters have shown that frequently this level is exceeded by 
factors as high as 42. At these levels the specific absorption rate in humans 
may rise in some situations to 20 W/kg. The draft Australian standard 
corresponds to a specific absorption rate of 0.4 W/kg, which is 10 percent of 
the value above which there is reliable evidence that hazardous effects 8 occur. 

SURVEY RESULTS 
On the basis of their general appearance and mechanical characteristics, 

dielectric heaters can be divided into five types. 

(1) Sewing machine type: the operator is seated and the material is manually 
placed under the weld head. 

(2) Shuttle tray type: the operators are standing and the material is placed 
on a table which is moved to the weld head. Most machines have two tables 
so that one operator is setting up a job while the other operator's job is 
being processed. 
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(3) Turntable type: two or more operators progressively assemble the material 

to be processed which is finally welded. 

(4) Pressure sealed applicator: one operator has automatic control of upper 
and lower shuttle trays. The material to be processed is raised up to a 
completely shielded weld head. 

(5) Edge glue dryers: generally very large open frames into which the wood to 
be glued is loaded. 

The most important electrical characteristic of dielectric heaters is 
their duty cycle. A weld cycle includes the set up time and the actual weld 
time i.e. the time the R power is on. The duty cycle is that fraction of the 
weld cycle during which RF power is generated. 

The operator exposures for 101 dielectric heaters are summarized in Tables 
(1) and (2). 

TABLE 1 OPERATOR EXPOSURE SUMMARY 
(Not corrected for duty cycle) 

Heater No. E-Field Exposure 
2 Type Units (mW/cm ) 

Min Mean Max. 

H-Field Exposure 
(mW/cm2) 

Min Mean Max. 

Region of 
Maximum 
Exposure 

Sewi ng 
Machine 

17 0.1 74.8 798.0 0.1 23.2 377.0 Thighs and 
calves 

Shuttle 74 <0.1 36.0 265.0 
Tray 

<0.1 39.4 377.0 Head and 
Chest 

Turntable 2 2.0 37.3 80.0 2.0 11.8 26.0 Abdomen 
and Gonads 

Pressure 
Sealed 6 <0.1 0.2 1.3 <0.1 0.12 0.4 Abdomen 
Applicator and Gonads 

Edge Glue 
Oryers 

0.1 1.3 4.0 Abdomen 
and Gonads 

* No E-f1eld probe was available when these devices were surveyed. 
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TABLE 2 OPERATOR EXPOSURE SUHHARY 
(Corrected for average duty cycle) 

Equivalent Plane Wave Power Flux Density 

Heater No. Above 1 mW/ctn 
Type Units E-Field H-Field 

No. No. 

Above 10 mW/cm 
E-Field H-Field 

No. • / . No. • / . 

Sewi ng 
Machine 

17 24 18 12 12 

Shuttle 
Tray 

74 33 45 26 35 14 19 16 22 

Turntable 2 100 1 50 

Pressure 
Sealed 
Applicator 

Edge Glue 
Dryers 

50 

All 101 37 37 31 31 17 17 18 18 

From Table 1 it 1s obvious that operators of sewing machine and shuttle 
tray types can be exposed to very high levels of both electric and magnetic 
fields. As the number of turntable types surveyed was small it is difficult 
to draw any conclusions. The pressure sealed applicator types are very well 
shielded and hence the level of operator exposure is very much reduced. 
Although the number of edge glue dryers surveyed was small all the operators 
were located some distance from the electrodes which reduced their exposure. 

From Table 2 it can be seen that 37 •/. (E-f1eld) and 31 °/ 0 (H-field) 
exceeded the draft limits by factors as high as 10 and that 17 °/ c (E-field) 
and 18 V (H-field) exceeded the draft limits by factors in excess of 10. 
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CONCLUSIONS 
(1) Heaters already installed 

Surveys of the RF leakage should be performed on all installed dielectric 
heaters. If from such surveys it is determined that the leakage levels exceed 
the recommended limits then the heater must be shielded. 

(2) New heaters 
No new machine should be installed unless it has been shielded or a survey 

has shown that an operator cannot be exposed in excess of the recommended 
limits for the range of tasks of that heater. The leakage levels can only be 
established by measurement and should be specified in the technical data of 
the heater. 
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EXPOSURE FRQH AIRPORT RADARS 

K H Joyner and H J Bangay 

INTRODUCTION 
Radar installations at airports are used by air traffic controllers to 

monitor and control the movement of aircraft. The radars typically produce 2 
megawatts of pulsed power into high gain antennas. The potential certainly 
exists for the over exposure of personnel who maintain the radar installations. 

Surveys of radar installations at both civilian and military airports have 
been carried out in order to establish the levels of exposure to maintenance 
personnel. 

SURVEY RESULTS 
The survey results for each radar differ and depend on frequency, 

transmitted power, antenna gain, beamwidths, number of pulse and indeed on 
the location of the radar and the task to be performed. 

The survey results have shown: 
(1) During certain maintenance procedures involving the transmitters, 

personnel can be exposed to levels well in excess of limits specified in 
the draft Australian Standard. 

Work has shown however that changes in work procedures and or the fitting 
of appropriate shields eliminates the high levels of exposure. 

(2) Measured exposure levels in the main beam or from the side lobe structure 
of the radars are in good agreement with calculated levels. 

Establishing compliance with exposure standards should be via actual 
measurement. Calculated levels are however an excellent guide for determining 
areas of possible concern indicating that a more careful approach for both the 
investigator and survey equipment is warranted. 
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THE RADIOLOGICAL STATUS OF THE MONTE BELLO ISLANDS: MAY 1983 

M B Cooper, K H Lokan and G A Williams 

The results of a radiological survey of the Monte Bello Islands, performed 
in May 1983, are presented. The radiation environments of the sites (ground 
zeros) of the »two atomic weapons tests conducted over land, in 1956, on 
Trimouille Island and Alpha Island are described. The radiation fields at 
both ground zero locations are now relatively low, and present no health risk 
to the casual visitor. The radiation field on the southern and central parts 
of Trimouille Island, adjacent and downwind of the first atomic weapons test 
offshore, on HMS Plym, in 1952 is also described. The southern part of 
Trimouille Island is essentially free of radioactive contamination, whereas in 
the central part of the island the fallout pattern from this test is evident. 
For the first time, this fallout area has been reasonably accurately defined. 

60 Radioactive metal fragments, containing the Co radionuclide, were 
observed in large numbers scattered throughout the central part of Trimouille 
Island. The radioactive content of this metal, which originates from HMS 
Plym, was typically 6 kBq/kg. A numbe- of soil samples from the two ground 
zero locations, and from central and southern Trimouille Island, were 
collected and analysed for radionuclide concentrations. As well, samples of 
oysters were obtained from three sites on Trimouille Island. There was no 
significant radioactive contamination of the oyster flesh or shells. 

(Abstract of Laboratory Report, ARL/TR062, October 1983). 
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AN ASSESSMENT OF RADIOACTIVITY IN THE ENVIRONS 

OF A TITANIUM DIOXIDE PLANT AT BUNBURY. WESTERN AUSTRALIA. 

M B Cooper and G A Williams 

A study of radioactivity levels in environmental samples collected in 
1982-3 from the environs of the Laporte Australia Limited titanium dioxide 
plant at Bunbury in Western Australia is described. Radioactivity levels were 
determined in samples of sediment, water, algae and seafood (crabs and 
mussels) from the Leschenault Inlet, close to the site at which Laporte plant 
"liquid" effluent is disposed, and from other areas along the south-west coast 
of Western Australia (see map below) including Busselton (Geographe Bay), 
Wonnerup, Mandurah (Peel Inlet) and Perth (Swan River). Samples of town 
drinking water from Bunbury, Capel and Perth were also analysed. 

Radioactivity levels in the ilmenite feed and "liquid" effluent of the 
Laporte plant are approximately half those observed in an earlier (1980-1) 
study. Th*»re is evidence for an enhancement of radionuclide concentrations in 
sediment from Leschenault Inlet originating from the Laporte plant effluent. 
Despite this effect, radioactivity levels in the sediment of the Inlet are no 
greater than those that occur at certain other locations along the south-west 
coast of Western Australia. The investigation of radioactivity levels in 
water, algae and seafood indicates that the only significant transfer of 
radionuclides from the sediment is the bioaccumulation of raaium in algae, a 
phenomenon which occurs in estuarine waters throughout the region. In terms 
of the radiation exposure to members of the public who consume crab flesh or 
mussels from Leschenault Inlet, the risk to health is negligible. 

(Abstract of Laboratory Report, ARL/TR064, March 1984) 

Map of the south-west coastal region of Western Australia. 



80 
ENVIRONMENTAL RADIATION MONITORING AND STUDIES 

J C Duggleby, P A Smith and R A Lauder 

Radioactive fallout in Australia from nuclear weapons tests in the 
atmosphere has been monitored on a continuous basis since the 1950's. Since 
1974, when the last series of atmospheric nuclear weapons tests of 
significance to Australia toolc place, the extent of the monitoring program has 
been reduced as the levels of long lived fallout have decreased. 

At the end of 1982, the Australian Ionizing Radiation Advisory Council 
endorsed a proposal that the monitoring program for long lived radionuclides 
be reduced to a minimum. As from 1 January 1983, fallout deposit was 
collected continuously at eight major population centres throughout Australia 
and milk from six States was sampled monthly. All samples are processed 
physically but not radiochemically analysed. However, each fallout deposit 
sample was split and one half sent to the Environmental Measurements 
Laboratory in New York for analysis as part of their world-wide fallout 
monitoring program. The other half of each fallout deposit sample and all the 
milk samples were retained in the Australian Radiation Laboratory store for 
future analysis should the need arise. 

The analysis of all samples collected up to the end of 1982 was completed 
in early 1983. Data from the long-lived radionuclide monitoring program for 
the period January 1974 to December 1982 were collated for publication in 
1984. Work began on the complete overhaul of the operation of the whole 
fallout monitoring program. The collection and processing of milk was 
improved in efficiency by technical and procedural changes made towards the 
end of 1983. 

The surveillance program for the early detection of fresh fission products 
in ground-level air was maintained. Data from this program were routinely 
forwarded to the International Reference Centre for Radioactivity (a part of 
the World Health Organisation) for publication in their quarterly reports. No 
fresh fission products were detected in 1983. Low concentrations of the 
long-lived fission product caesium-137 (half-life 30 years) continued to be 
detected in ground-level air, having filtered down from the stratosphere where 
it had been held since having been injected there from atmospheric detonations 
during the last 35 years or so; however, concentrations were noticeably lower 
than in previous years. 
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In January 1983, the emergency program for the monitoring of fresh fission 

products was activated when notice was received that a Russian nuclear-powered 
satellite was about to re-enter the earth's atmosphere. For a period of six 
weeks commencing 27 January, the changing of air filters was altered from 
weekly to twice-weekly and special ion-exchange columns attached to funnels 
(SPIEFS) were exposed at nine sampling stations and changed weekly. No fresh 
fission products were detected. The negative results from the air monitoring 
program prompted a decision not to activate the emergency iodine-in-milk 
monitoring program which was being held on stand-by. 

The Laboratory continued to fulfil its obligations as laid down in the 
"Guidelines for Environmental Radiation Monitoring During Visits by Nuclear 
Powered Warships to Australian Ports" and in the Amendnent No. 1 published in 
April 1981. Specified marine samples were collected from regularly used 
berths in Cockburn Sound every quarter and before and after each ship visit. 
In other ports visited by ships on an occasional basis, similar samples were 
collected before and after each visit and again three months later. Samples 
were analysed for the presence of cobalt-60 or any other artificial 
gamma-emitting radionuclide known to characterise the radioactive waste likely 
to be held in a nuclear powered warship. Thermoluminescent dosemeters were 
provided for placement at selected locations in the vicinity of each visiting 
ship. The results of the monitoring are published annually by the Department 
of Home Affairs and the Environment. When the nuclear powered ship, USS 
Texas, visited Hobart in August 1983, the Laboratory supplied the Radiation 
Monitoring Officer to be present in Hobart throughout the visit in lieu of the 
usual State official who was unavailable. 

All liquid effluent from areas of the Laboratory where unsealed 
radioactive sources are used was collected in a number of large holding 
tanks. Before release of the effluent, the activity must be shown, by 
analysis, to be below the limits specified in the appropriate Victorian 
Government Regulations (1959). Twenty nine samples were analysed during the 
year and all were found to meet that requirement. 

Some initial planning was done for the comprehensive study of natural 
radiation background and the influence of many activities on it. 
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A study of the technical and administrative problems involved in the 

peculated disposal of low levels of radioactive waste by the user was 
completed and a Code of Practice written for eventual publication by the NHMRC 
through its Radiation Health Committee. The publication is also relevant to 
the work of the Commonwealth/State Committee on Radionuclide Waste Management. 
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