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FOREWORD 

The Australian Radiation Laboratory 1s a national laboratory whose 
function 1s to assist the users of radiation, and those who regulate its use, 
to ensure that wherever radiation 1s 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 1n response to an 
identified need for Information, though often this 1s 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. Some projects which were Included 1n the 1983 report are not 
included in this report for various reasons. It Is anticipated that most will 
be Included in the next annual report. 

As projects mature they are generally reported in the professional 
literature and 1n the Laboratory series of Technical Reports. Fuller details, 
or reprints of related work may be obtained by writing directly to the 
individuals concerned. 

Oonald W Keam 
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CONTINUED DEVELOPMENT OF THE YEELIRRIE EXPERIMENT 

R S O'Brien, S B Solomon, K H Lokan, J D Osborne and F A Forgione 

FIELD WORK 
Two field trips were made during 1984, ,n February and July. The purpose 

of both trips was to repair and refurbish the equipment and replace some 
non-fuctioning sensors. Data was obtained on a semi-continuous basis from 
March until the end of the year, but it became obvious that the solar cell 
array did not have the capacity to run the experiment for periods greater than 
about 10 to 14 days, depending on the local cloud cover. 

The control program has functioned without problems throughout the year. 

LABORATORY WORK 
Most of the laboratory work during the year has involved the development 

and refining of the software necessary to read the data from the cassette 
tapes into the ARL S-140 computer and then to analyse this data. In addition 
some work has gone into developing the software for a simple box model which 
will be used to simulate the radon dependence in the vicinity of the ore body 
on some of the local meteorological variables. 

A paper entitled "Radon and Radon Daughter Concentrations Over an Extended 
Uranium Ore Body" was presented at a conference on Occupational Radiation 
Safety in Mining in Toronto, Canada, in October, 1984 (see following page). 
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RADON AND RADON DAUGHTER CONCENTRATIONS 

OVER AN EXTENDED URANIUM ORE BODY 

R.S. O'BRIEN, S.B. SOLOMON. K.H. LOKAN, V.A. LEACH, 
T.H. GAN, L.J. MARTIN, K.N. WISE 

INTRODUCTION 
In Australia, the mining of uranium ore is most commonly done using 

open-pit mining procedures. Extensive radiation monitoring programs carried 
out during these mining operations have shown that, under normal atmospheric 
conditions, the airborne radon and radon daughter concentrations are very low, 
with typical Working Level (WL) values of less than 0.01 WL [Au84, Ma83]. 
However, a study carried out by the Australian Radiation Laboratory (ARL) 
during the mining phase of operations at the Nabarlek uranium deposit showed 
that, during periods of atmospheric stability, the dispersion of radon is 
inhibited, leading to rapid increases in the radon/radon daughter 
concentrations, and that under these conditions the WL value can increase by 
more than two orders of magnitude [Le82a]. The preliminary results of a 
similar study over the Yeelirrle uranium deposit 1n Western Australia have 
been reported [Le82b]. 

ARL has developed a long term experimental program of measurements over 
the Yeelirrie ore body in order to better understand the processes associated 
with inversions and to develop models for radon dispersion under these 
conditions. Such models may also be applicable to radon dispersion over 
uranium mill tailings and may make some contribution to the understanding of 
the dispersion of other atmospheric pollutants 1n the vicinity of extended 
sources. 

THEORY 
It is well established [Wa77] that, under day-time conditions when the 

vertical temperature gradient Is negative, the dominant mechanism for removing 
pollutants near the ground 1s eddy diffusion, while under temperature 
inversion conditions the vertical temperature gradient is positive and eddy 
diffusion 1s strongly suppressed. Under these Inversion conditions diffusion 
takes place via molecular diffusion which 1s very much slower than eddy 
diffusion; consequently the wind speed near the ground should have a strong 
influence on pollutant concentration under Inversion conditions. 
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In addition to these considerations, the use of a simple "box" model 

[Do79] to model pollutant dispersion in the boundary layer has shown that the 
pollutant concentration at the downwind edge of an extended source is directly 
proportional to the source strength and the lateral extent of the source, and 
inversely proportional to the wind speed and the height of the polluted layer. 

There has been very little detailed work done on pollutant dispersion 
under stable inversion conditions; the present study is an attempt to study 
radon dispersion at an isolated site where these conditions occur frequently 
and the micro-meteorology is not made too complicated by the presence of those 
features which complicate studies of pollution over urban air-sheds, namely 
very rough terrain or heat sources. 

YEELIRRIt MEASUREMENTS 

Radon Emanation 
The variation of the radon emanation rate was determined over the 

Yeelirrie ore body, using a 250 m measurement grid. The radon emanation rate 
at each point on the grid was measured using the charcoal cannister method 
[Co77]. The derived emanation rates on the ore body lie in the range 0.05 to 

2 3.5 Bq/m /sec. 

Meteorological Parameters 
A portable, telescoping 21 m tower was positioned near the centre of the 

ore body 1n an area characterized by low, scattered scrub. The sensors are 
arranged in groups at heights of 1.25m, 2.5m, 5m, 10m and 20m. The 
meteorological sensors measure temperature, wind speed and direction, and heat 
flux. All sensors and the data acquisition system are powered by a 12V, 160W 
solar cell array, with 400 ampere-hours of battery storage capacity. 

Radon and Radon Daughters (Working Level) 
Radon Monitors. Three flow-through scintillation cells are used to measure 
radon concentrations at 1.25, 5 and 20 m. These cells are located at ground 
level and air is sampled through plastic tubes from the appropriate level at a 
flow rate of 1 litre/mln. The monitors are run continuously. The 
contribution to each 10 minute count from previous sampling Intervals is 
derived using the method outlined by Stranden [ St81 ). 
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Working Level Monitors. The three Working Level monitors are mounted directly 
on the tower at the 1.25, 5 and 20 m levels. Each monitor comprises a 
sampling pump, a diffuse junction solid-state alpha particle dectector, 
together with a charge sensitive preamplifier, an amplifier and a 
discriminator. A1r 1s drawn through a filter at 1.5 litres/min. and the alpha 
decays from the radon daughters deposited on the filter are detected and 
counted by the alpha detector, which is positioned in front of the filter. As 
in the case of the radon monitors there is a contribution to the output of 
these WL monitors from radon daughters deposited during previous sampling 
intervals. The correction for these contributions is made using a procedure 
similar to the Rolle method of WL determination [ Ro71 ]. 

Data acquisition. 
The data acquisition system is controlled by a Z80 micro-processor. This 

processor sequences the interrogation of the individual sensors, corrects for 
non-ideal response of the sensors, averages the data and outputs the averaged 
data to tape storage. 

Data are accumulated in two ways. The meteorological sensors are sampled 
every 10 or 20 seconds. The data are transmitted to the processor when the 
appropriate interface module is polled and a running mean and variance is 
accumulated for each sensor. For the radon and Working Level sensors, the 
associated counter modules are polled every 10 minutes in the case of the 
radon sensors and at Intervals of 10, 15 and 18.5 minutes 1n the case of the 
Working Level sensor. A complete data acquisition cycle for both the 
meteorological and the radiation sensors takes 20 minutes. This cycle length 
was chosen as being long enough to include low frequency m1crometorolog1ca1 
changes 1n wind and temperature, but not so long as to exclude the effects of 
any high frequency fluctuations on the measured means, variances and 
cross-correlations. 

DATA ANALYSIS 
The meteorological tower and the associated sensors were installed at 

Yeel1rr1e 1n August 1983. Reliable data has been obtained on a 
semi-continuous baslr from early March 1984. Detailed analysis *nd 
interpretation of this extensive data set 1s 1n progress. The analysis to 
date has been confined to checking the validity of the data and to an 
examination of the radon/radon daughter concentrations as a function of the 
more important micrometeorologlcal parameters (e.g. the temperature gradient, 
wind speed and the gradient Richardson number) 
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The major observed trends in the atmospheric conditions are summarized 

below: 

(i) large diurnal variation in temperature, 
(ii) changeover from negative temperature gradient during the day to 

positive temperature gradient (i.e. temperature inversion) at night, 
(iii) a marked drop in the horizontal wind speed during the period prior 

to sunrise on many nights, 
(iv) diurnal variations in the radon concentration, with radon increases 

associated with temperature Inversions and low horizontal wind 
speeds. 

DISCUSSION AND CONCLUSIONS 
In earlier papers [Le82a , Le82b], it was shown that there 1s a strong 

correlation between elevated radon/radon daughter levels and temperature 
gradient, under conditions which are not too far from neutral equilibrium. 
The present results indicate that these conditions do not occur frequently at 
Yeelirrie. This makes it difficult to state definitively whether the results 
discussed in this paper support or contradict this earlier conclusion. The 
present results do support the conclusion that, although temperature inversion 
conditions are necessary before high radon concentrations occur, the 
horizontal wind speed plays a major role in controlling the radon 
concentration during inversion conditions. This conclusion is consistent with 
the earlier comments about the use of ?. "box" model [ Do 79 ] to predict 
pollutant concentrations downwind of an area source. 

REFERENCES 
Au84 Auty, R.F., and Koperskl, J., 1984, "Occupational Radiation 

Protection at Ranger Uranium Mines", Australian Radiation 
Protection Society 9th Annual Conference, Darwin, Northern 
Territory, 9-12 July, 1984. 

Co77 Countess, R.J., (1975), "Measurement of Rn-222 Flux with Charcoal 
Canisters", HASL-325. 

Do79 Dobbins, R.A., "Atmospheric Motion and A1r Pollution", John Wiley 
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Atmospheric Diffusion", DOE/TIC-11223, 1982. 
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STUDIES OF THERHOLUHINESCENCE MECHANISMS IN RARE EARTH DOPED CaS04 

R J Danby 

Calcium sulphate (CaSO ) doped with dysprosium (Dy) remains one of the 
more popular thermoluminescent (TL) phosphors for radiation dosimetry, despite 
the fact that considerable controversy still exists about the nature of the TL 
mechanisms which operate in this and the many other related CaS0 4 based 
phosphors. A research project aimed at providing a better understanding of 
these TL mechanisms and the electronic processes responsible has been underway 
at ARL for some time and this work was continued in 1984. As in previous 
years, this project was centred largely about the application of a number of 
high resolution optical and magnetic resonance spectroscopic techniques to the 
study of the various dopant. Impurity and radiation damage centres which 
contribute to the production of TL in these materials (set e.g. 1982 and 1983 

1 2 annual research reports ' ). The techniques used to prepare large single 3 
crystal samples of these phosphors have now been described fully elsewhere . 

ii 3+ 
The principal Gd* centres in CaSO -Gd single crystals have been 3+ studied using ESR and compared with the main Eu centres evident in the 

3+ optical spectra of CaS04:Eu The results indicate that the rare earth 
ion occupies the same four structural centres in each case. Structural models 
are proposed for these centres based on the symmetry of the measured crystal 

3+ field at the principal Gd sites, all of which were found to exhibit either 
orthorhombk or monoclinlc behaviour. The orthorhombic sites, which are the 

3+ dominant centres present, have been identified as Gd ions Incorporated in 
2+ the CaSO. latt'.je by direct substitution for Ca Ions without any nearby 

1on included for charge compensation. The lower symmetry monocllnic sites 
3+ arise from substitutional Gd Ions which have their excess positive charge 

•• + compensated by a neighbouring substitutional Na or K Impurity. ESR 
3+ sp1n-Ham11tonian parameters have been calculated for these Gd centres and 

accurate measurements made of the principal optical transition wavelengths for 
3+ the corresponding Eu centres. 

This spectroscopic data was also used to study the interaction mechanisms 
between the rare earth dopant Ions and the surrounding lattice as these 
interactions will influence the transport of electrons and holes into and out 
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of the luminescent centres and so may have a considerable bearing on the 
phosphor's TL properties. Analysis of the crystal field symmetry at the 3+ dominant Gd site shows that it is not consistent with either an 
electrostatic model or a covalent ligand model, but that it can be well 
described by a combination of these two interactions in which each contributes 
approximately equally to the measured second order crystal field parameters. 
A pseudosymmetry analysis of this site's measured fourth order parameters 
shows that the ligand contribution to the total crystal field possesses 
approximate D_. symmetry and that its major contribution is along the 
crystallographic c axis, in agreement with the predictions of the liqand 4 superposition model of Newman and Urban . These results for the dominant 

'f 5 7 
Gd centre help to explain the absence of a D - F optical 

3+ ° ° 
transition from the corresponding Eu centre as, while such transitions are 3+ allowed for an Eu ion in a C„ symmetry site, they are forbidden in 
D 2 d symmetry. This suggests that the D - F transition probability 
is largely determined by crystal field terms which are dominated by the 
4f-ligand interactions. A detailed description of this work has been 
presented elsewhere . 

In the next phase of this work it is planned to extend these studies to 
include the CaSO -Dy system which, althouqh it is experimentally more 
difficult to study, is probably the most widely used CaSO based TL phosphor. 

In parallel with the studies described above a detailed investigation of 
the ultra-violet (UV) absorption and UV induced TL behaviour of CaS0 4:Eu has 
been conducted. The results of these studies are currently being analysed and 
will be described fully in a subsequent report. 

REFERENCES 
1. Calvert R L and Danby R J, "Studies of the Thermoluminescent Centres in 

Europium Doped CaStL" in Annual Review of Research Projects 1982" ed. D 
W Keam, ARL Technical Report ARL/TR060 p 46. 

2. Calvert R L and Oanby R J "Studies of Thermolumlnescence Mechanisms in 
Rare Earth Doped CaSO." 1n "Annual Review of Research Projects - 1983" 
ed. D W Keam, ARL Technical Report ARL/TR071 p 10. 

3. Calvert R L, Danby R J and Wllks M J, "The Preparation, Testing and 
Dosimetric Applications of CaSO Rare Earth Phosphors" ARL Technical 
Report ARL/TR065 (1984). 

4. Newman D J and Urban W, (1975). Adv. Phys. 24, 793. 
5. Danby R J and Manson N B, (1984). J. Chem. Phys. 81, 5462. 



DETERHINATION OF THE ABSOLUTE PHOTON YIELD 
FROM ELECTRON IRRADIATED GASES 

J G Young 

The experimental arrangement, which has been described previously (1), was 
modified for the measurement of the absolute photon yields from 
rare-gas-halogen gas systems. The gas irradiation cell was redesigned so that 
the irradiated zone was considerably closer to the source of electrons than in 
previous measurements giving a significant increase in the energy deposited in 
the gas mixtures. 

Absolute 
krypton/SFt 

photon yield 
rare-gas-halogen 

KrF*( 2l| / 2— %2) 

measurements have been 
system. The 

excimer molecule and 

determined for the 
yield of the 

the processes 
responsible for its formation are of Immense importance in the KrF excimer 
laser system. 

2 + 2 + The KrF*( l^.* * ̂ 1/2^ emission spectrum, peak 
wavelength 248nm, 1s shown 1n Figure 1 for a rare-gas-halogen mixture of 100 
Torr krypton and 0.5 Torr SF,. The background emission spectrum from a 

b 
sample of pure krypton at a pressure of 100 Torr is shown in the same figure. 

1-2 

1 
>• 

* 
0* 

1... 
1 ••2 

KrF" 
100 Torr Kr 
0-5 Torr SF, 

2M 235 2*0 245 250 
Vmvtltngth (nm) 

260 

FIGURE 1. KrF* i i ] / 2 
i l / 2 ; emission spectrum from 

gas mixture of 100 Torr of krypton and 0.5 Torr of SF . The krypton dlmer 
b 

(Kr *) background continuum from a sample of krypton at a pressure of 100 
Torr is also shown. 



10 2 J. (I h/2' The G-value for the KrF* Cl\/2 ^ / 2 ) excimer 
molecule has been determined as a function of krypton pressure and SFfe 

pressure. These results are shown in Figure 2 and Figure 3 respectively. 

molecule The KrF*( 2x} / 2 *2l\n) 
independent and distinct processes namely, 

is formed by two 

(i) energy transfer 

Kr* + SF, KrF* + SFr [Rl] 

and (ii) ion recombination 

Kr + SF, KrF* + SF, [R2] 

where reaction R2 may or may not be due to the presence of a third body. The 
individual contribution of these two processes to the total G-value is 
presently under study and will be reported in the near future. 

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

Technical Report ARL/TR050. 

I N m ut 
Krypton Presort (Torr) 

1 

t » H 1 ! 
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FIGURE 2. Variation 1n G-value as 
a function of krypton pressure for 
a constant SF pressure of 0.5 b 
Torr for KrF*. 

FIGURE 3. Variation 1n G-value as a 
function of SF, pressure for a 
constant krypton pressure of 50 Torr 
for KrF*. 



X-RAYS AND CLINICAL DOSIMETRY 
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X-RAY ATTENUATION CO-EFFICIENTS IN TĤ . ENERGY RANGE 10-100 KeV 

L J Martin and J F N1ka 

This 1s a continuing project aimed at obtaining precise measurements of 
the narrow-beam, linear attenuation co-efficients 1n the medically significant 
energy range of 10 to 100 KeV. The systematic errors Involved 1n various 
measurement techniques are being Investigated. 

A series of measurements on crystalline silicon 1n the energy range 25-50 
KeV with a precision of better than l 9/, has been completed and the results 
submitted for publication (J Phys C Solid State Phys). These showed a 
discrepancy when compared with theoretical values and the likely cause would 
appear to be the Thermal Diffuse Scattering component. 

Our equipment was modified and relocated to other, lower energy. X-ray 
generators and the available monochromatic X-ray flux was measured under 
various experimental arrangements. 

On a point focus, 18mA, 40KV Philips diffraction generator, we 
Investigated several sources of systematic error down to levels of 0.1V.. 
These stemmed primarily from mechanical Instability and the equipment was 
modified accordingly. 

A series of neasurements 1n the range 10-30 KeV on silicon samples down to 
0.2 mm thickness was commenced. 
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ATTENUATION OF HI6H ENERGY X-RAfS IN SHIELDING MATERIALS 

J E M Thomson and 0 J Wilson 

The use of high energy bremsstrah lung beams in medicine, research and 
industry usually requires massive and expensive radiation shields. In order 
to design efficient shields, particularly when cost and space need to be 
minimized, accurate data is required on properties of shielding materials when 
used in a variety of geometric configurations. A great deal of the published 
data on shielding materials relies on very early measurements or calculations 
based on the moments methods or monte carlo techniques. Where measurements 
have been made it Is not uncommon to find a lack of consistency between the 
reported results. In view of this it was felt there was a need to make some 
accurate measurements and detailed calculations of the transmission of 
bremsstrahlung, with energies from 4 to 20 MeV, through some common shielding 
material. 

The Melbourne University betatron was used as a primary source of 
bremsstrahlung radiation. Because of the low intensity and small duty cycle 
of this accelerator, a new type of detector had to be designed and constructed 
so that the energy fluence of the radiation field transmitted through thick 
shields could be measured. The design construction and calibration of this 
detector has been described in a previous report (1). A comprehensive set of 
measurements have been made with this detector of the transmission of 
bremsstrahlung through slabs of steel, lead, ordinary concrete and high 
density 'barytes' concrete. Each of the materials was studied for a series of 
bremsstrahlung tip energies from 3 to 20 MeV and for a range of thicknesses up 

2 to 400 gm/cm . Met-jrements were made using two geometric configurations. 

In the first configuration a broad beam with a diameter of 15cm was 
incident on the slabs and measurements were made of the transmitted energy 
fluence at a position corresponding to the centre of the beam. Figure 1 shows 
these measured transmitted energy fluences. Note that the transmission 
throjgh materials with low atomic number such as concrete is strongly 
dependent on the beam energy whereas for high atomic number materials such as 
lead, the transmission 1s fairly Independent of the energy 
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FIGURE 1. Transmission energy fluence at various energies through ordinary 
concrete, barytes concrete, iron and lead (15 cm beam diameter). 

In the second configuration, a narrow beam was Incident on the slabs and a 
series of measurements were made across the rear of the slabs so as to yield a 
spatial profile of the transmitted energy fluence. Examples of these measured 
profiles are shown 1n figure 2. A de-convolution algorithm was applied to 
these measured profiles so as to give the energy fluence, as if measured by 
point detector, as a function of radial distance from the centre of the beam. 
By Integrating this energy fluence, the total energy transmission Into a 
circle of any given radius about the centre of the beam can be obtained. A 
simple reciprocity theorem enables us to re-Interpret these results as the 
transmitted energy fluence, at the centre of the beam, as a function of the 
radius of the Incident beam. 
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FIGURE 2. Bremsstrahlung beam profile of the transmitted energy fluence 
through concrete at 8 MeV and 16 MeV (narrow beam). 

Bremsstrahlung weighted buildup factors were derived from both the broad 
beam and profile measurements. These buildup factors are defined as the ratio 
of the measured energy fluence to that which would have been present in the 
absence of any scattering. Figure 3 shows an example of these buildup factors 
for various beam diameters derived from the profile deta. Also shown are the 
buildup factors for a beam diameter of 15 cm derived from the broad beam 
measurement. Note that these are In good agreement with those obtained from 
the profile data for a beam diameter of 15cm. 

Evaluation of the traditional techniques of calculation of x-ray transport 
through matter indicated that only the monte carlo method could define the 
geometry of the problem sufficiently accurately to be able to produce results 
that could be compared with the above measurements. The Oak Ridge monte carlo 
code MORSE (2) was set up to run on the Department of Health IBM computers 1n 
such a way as to closely reproduce the geometry used 1n the measurements. 
Bremsstrahlung weighted buildup factors derived from these calculations agree 
with the measurements for large beam diameters but tend to be less than the 
measured values for small beam diameters. An explanation for this phenomena 
1s being sought. 

Final analysis of the data and comparison with other published results 1s 
being undertaken. 

REFERENCES 
(1) Annual Review of Research Projects 1982, ARL Tech Report 60. 
(2) "The MORSE Monte Carlo Radiation Transport Code System" M 8 Emmett 

O.R.N.L. Report 4972, (1975). 
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BREMSCTRAHIUNG WTO. BUILDUP(CONCRETE 10 MeV] 
Beam Diameter 

• 50 ram » 100mm 
• 150mm • 200mm 

• 250mm 
• (B.Beam Meas.) 150mm 
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FIGURE 3. Bremsstrahlung weighted buildup factors at various beam diameters 
for ordinary concrete at 10 HeV. 
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CHECKING COINCIDENCE OF LIGHT FIELD WITH RADIATION FIELD 

ON DIAGNOSTIC X-RAY EQUIPMENT 

N D Morris, 0 J Wilson, P Wykes and B F Young 

In diagnostic radiology, the most common method of limiting the field of 
irradiation is by using a light beam diaphragm. This device incorporates a 
number of lead shutters which collimate the X-ray beara to the desired field 
size, an off axis light bulb and a mirror in the centre of the field which is 
approximately 45 degrees to the vertical beam and the plane of irradiation. 
The light is reflected by the mirror into the plane of irradiation and should 
be coincident with the radiation field. Unfortunately this is often not the 
case and leads in some instances to unnecessary dose to the patient by 
irradiation of areas not intended to be included in the radiograph, and in 
many instances, because of gross inaccuracies of alignment, the radiograph 
must be repeated. 

Possible causes of error due to the light beam diaphragm are: 

1. Distance between exit port of the tube housing (which defines the limit of 
the radiation beam) and the leaves of the diaphragm not being correct. 

2. Angle of the mirror being wrong. 
3. The filament of the light bulb being in the wrong position. 
4. Leaves (or shutters) of the diaphragm being incorrectly adjusted: 

(a) off centre 
(b) non-parallel 
(c) unequal movement of pairs of leaves 
(d) unequal movement of tiers in multi-leaf diaphragm. 

5. The diaphragm being inaccurately mounted - off centre or tilted. 

Other causes of error may be due to poor mechanical alignment of the X-ray 
tube and tube support: 

1. The X-ray tube mount may be angled 1n relation to the beam axis. 
2. The tube support arm may ee sagging. 
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Only two criteria of the accuracy o f light beam diaphragms are considered here: 
(a) Angular errors: In radiography of the skull, tube angulation can bs 

critical where very small angles of tilt are used. Some radiographic 
views require tube tilts of 5 degrees and a 1 degree error has arbitrarily 
been taken to represent the limit of accuracy required. 

(b) Linear errors: The requirement of Australian Standard AS2398 was 
considered a suitable starting point, i.e. "...that the irradiated area 
does not exceed the illuminated area under any condition, and the edge of 
the irradiated area does not fall more than 10 mm within the illuminated 
area at a focal-film distance of 1.0 m" but this does not address 
incidence distances other than one metre. 

It is necessary to assess the mechanical stability of the tube support before 
any attempt is made to check the radiation beam/light field coincidence. If 
required, mechanical adjustments should be made first, but if this 1s not 
possible, a repeat of the coincidence test will be required after mechanical 
adjustment. 

There is a point normal to the image receptor plane where the images of 
objects placed vertically above one another, will be projected on to the same 
area of the receptor. It is desirable to determine the position of this axis 
and to determine whether the effective central light beam is coincident with 
this axis. 

In most methods for determining light field/radiation field coincidence, 1t is 
assumed that the Indicated centre of the light field is in fact coincident 
with the X-ray beam axis. We have found that this is not. the case 1n most 
diaphragms tested. A plumb bob 1s used to obtain a vertical line under the 
centre of a marker device and the geometry of equal triangles 1s used to 
calculate the position of the vertical axis. At 100 cm focus-film distance, 1t 
1s possible to caUilate error to half a degree, but with most mechanically 
adjustable units, 1t would not be possible to make such a correction. 

A simple device was designed as a tool to test compliance with requirement', 
for Hght/rad1at1on beam coincidence and position of the beam axis (see Figure 
1). This consists of a 10 cm square of perspex, thick enough to remain 
rigid. Indicator marks are grooved Into the surface midway along each edge 
to approximately half way to centre and four lines radiate from the centre 
towards each corner. Either the centre lines or the edge lines can be used to 
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FIGURE 1. Plumb bob marker device. 

(The device is attached to light beam diaphragm with the suction caps and the 
light turned on. The centre of the device 1s aligned with the centre marker 
of the light beam diaphragm. The device may be "squared" with the lines 
Indicating longitudinal and lateral axes of the X-ray table, by use of marks 
radiating from the centre or sides of the device. The plumb bob is released 
so that 1t 1s suspended just clear of a radiographic cassette on the table 
top. This provides a vertical line under the centre marker. If X-ray tube 
and light are correctly aligned, the shadow of the centre marker and the plumb 
bob will be projected on to the same area on the surface of the cassette and 
the radiographic images will be exa^*-ly super-Imposed.) 

line up the device with the lines on the diaphragm. In the centre a 2.5 mm 
diameter lead shot rests 1n a hollow and acts both as centre marker and as a 
friction brake for the plumb bob. The plumb bob 1s 6 mm diameter x 12.5 mm 
long, with a very fine hole drilled through the centre for the thread. A 
suction cap 1s located 1n each corner of the perspex square for attachment to 
the diaphragm. The relative sizes of the plumb bob and lead shot are 
critical. If the lead shot is too big, 1t will (due to geometric 
enlargement) obscure the plumb bob on the radiograph. This applies also to 
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the plumb bob - if too large it will obscure the image of the centre marker so 
that their relative placements are uncertain. The thread which holds the 
plumb bob passes through the centre of the device and along a hole drilled 
through the perspex to the edge. The size of the thread relative to the size 
of the hole drilled through the plumb bob will determine whether the plumb bob 
hangs vertically. The lead shot centre marker rests on the thread which 
passes through the centre hole of the device, allowing adjustment of the 
position of the plumb bob. The weight of the lead shot is sufficient to 
support the plumb bob in the adjusted oositlon. 

The error between the indicated centre of the light field and the actual 
centre of the radiation field should be adjusted before further attempts are 
made to correct for inaccuracies 1n the field coincidence. 

In order to comply with the requirements of AS2398, a clear method of defining 
the radiation field on a radiograph is required. Frequently the penumbra of 
the edges of the radiographic Image makes precision difficult and where 
inaccuracies exist, the markers used to indicate the edge of the light field 
may be indistinct, partly visible or completely missed by the radiation. We 
found that the radiographic Image of a 5 cent coin 1s almost exactly 20 mm 
diameter (coin size is 19.5 mm) and the radius - a nominal 10 mm - can be used 
to determine compliance. Where only portion of the coin can be distinguished 
1n the radiation image, a coin can be accurately placed on the image and 
circled 1n pencil on the radiograph. A coin marker is, therefore, placed in 
each corner of the light field; on the radiograph, tangents to each two 
adjacent coins can be constructed to delineate the sides of the light field 
(see figure 2). 

When a radiograph is taken )f the test device with a 5 cent coin placed in 
each corner of the light f*eld, analysis of the radiograph will enable the 
determination of: 
1. compliance with the requirements of AS2398 and any other variation of 

11ght/rad1at1on field coincidence, and 
2. calculation of the precise position of the X-ray beam axis relative to the 

radiation field. 

Diagonals of the radiation field on the radiograph should be coincident with 
the Indicated position of the X-ray beam axis. Where these points a e not 
coincident, the ratio of the distance from the centre of the field to the 
calculated position of the X-ray beam axis, to the focus-film distance, should 

not exceed 1:60 (I.e. 1 degree). Penumbral shadow should not be included 1n 
calculations and measurements. 
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FIGURE 2 (not to scale). Radiograph using coin marker. 

(This radiograph shows that the centre of the plumb bob (sharp central image) 
and centre of the lead shot (fuzzy central image) are not precisely 
super-imposed. The actual X-ray Beam Axis will be vertically above a point on 
the image of the lead shot, diagonally opposite the image of the plumb bob. 
This can be precisely calculated and in this example the error is less than 
half a degree. The paper clip was used to orient the film by indicating the 
anode end of the tube. The coin markers indicate a considerable error in 
alignment of the radiation and light fields. At top and bottom the shutters 
are accurately aligned. To the sides there is severe misalignment. To the 
right, the coin images are nearly bisected the radius of the coin being the 
measure of compliance with AS 2398. On the left, the radiation field is 
outside the light field and the diaphragm would not comply with AS 2398.) 
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PROTECTION LEVEL CALIBRATION FACILITY 

N J Hargrave and P 0 Allen 

Previous work reports have outlined the development of a calibration 
facility for use 1n the calibration of survey instruments to Caeslum-137 gamma 
rays (Ha83) and the use of this facility 1n an International comparison of 
exposure at low exposure rates (Ha85). A diagram of the facility 1s shown in 
figure 1. 

Source 

Source 
collimator 
assembly 

Removable 
I 0 0 c m 3 ion chamber 

Guide rail system Adjustable height support 
table on trolley 

FIGURE 1. Sketch of collimator, rail and table support system 

Eight sets of four sources consisting of 6 mm diameter Caesium spheres 
doubly encapsulated in Amersham X9 capsules have been Installed 1n the end of 
lead-filled aluminium and brass rods. There 1s 2 mm of aluminium 1n front of 
and around the sides of the sources. The radiation output at 1 m from these 
sources has been defined using a distance piece and by careful measurement. 
The two larger sources (40 GBq and 4 GBq) 1n each set have been directly 
measured using an 1on chamber carefully calibrated against primary standards 
1n the Laboratory. The two lower activity sources 1n each set have been 
Intercompared 1n two different well chambers and related to one source of each 
activity which was directly measured. It was found that although the source 
ratios measured using the two different well chamber methods agreed to within 
0.1V o, the ratios measured directly could be up to 0.8°/, different. The 
discrepancy was traced to the different measurement geometries Involved 1n the 
two types of measurement and to thickness variations 1n the aluminium end 
wall. Typical output measurements from the sources at 1 m are given 1n Table 
1 together with the uncertainty of this number as given 1n the ARL calibration 
report. 
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TABLE 1 

Typical Exposure and Air Kerma Rates from Caesium-137 Sources 
using Standard Collimator Assembly 

Nominal source Exposure rate Air kerma rate Uncertainties as per cent 
activity standard deviation 

mC1 GBq pC1/(kg.h) tiGy/h Random Non-random 

1 0.037 0.0933 3.17 2.0 1.0 
10 0.37 0.825 28.0 1.0 1.0 
100 3.7 10.11 343 0.7 1.0 
1000 37 98.3 3338 0.5 1.0 

It was anticipated that the facility could be located close to a wall in 
the direct beam. Accordingly the effect of scatter from a concrete wall 1.5 m 
from the end of the rails has been measured. For the standard radiation field 
collimated to 10 cm diameter at 1 m from the source, 1t was found that 
providing that an air absorption correction was applied the Inverse square law 
was obeyed to within 0.5 percent over distances from 0.7 to 2.0 m from the 
source. As the concrete wall was approached wall scatter caused a progressive 
departure from the inverse square law amounting to 2.2 percent at the end of 
the rails (2.5 m from the source). 

Scatter from various possible table top supports for the survey meters was 
also investigated and a top consisting of 10 mm thick r1q1d PVC (polyvinyl 
chloride) was chosen. The contribution of scatter from the table top to the 
exposure rate as a function of distance of the tabic top from the central axis 
of the radiation beam is shown 1n figure 2. Two different detectors have been 
used, one of which responds readily to the low energy radiation scattered from 
the table top and another which does not. It 1s apparent that as soon as the 
table top 1s outside the beam the scatter 1s negligible and the facility 
should normally be used this way. If a detector which responds to low energy 
radiation 1s used close to the table top the scatter can contribute 
significantly and would need to be carefully evaluated. 

The extension of the calibration facility to radiation energies other than 
those of gamma rays from Caesium-137 is achieved by means of an Exradln model 
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35617). The typical energy response for this chamber has been previously 
reported (Ha83). We have investigated the saturation characteristics of this 
chamber and found that the saturation correction 1s directly proportional to 
the exposure rate for a given collecting potential. For a collecting 
potential of 900 volts an 8 percent correction is needed for an exposure rate 
of 150 R/min (9000 R/h). For a collecting potential of 300 volts which is the 
standard potential available from the electrometers supplied with the chambers 
the correction at 150 R/min at constant potential is 66 percent. The 
electrometer collecting potential can be reduced to 150 volts so that it can 
be readily seen if saturation is a problem in any given set of measurements. 

During 1984, three regional facilities have been installed in States. It 
is hoped to install the remainder shortly. 

20% 

io%. 

CO 

Adequately built up 
ion chamber at 2.0m 

Scintillator responding 
disproportionately to 
low energy photons 

5cm I Ocm 

Distance table top to detector 

5 cm 

FIGURE 2. Scatter contribution from table top for detectors at 
different distances from the table. The effect of different 
measurement distances are shown. 
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PRELIMINARY INVESTIGATION INTO OPTICAL FIBRE 

TEMPERATURE SENSORS FOR USE IN ABSORBED DOSE CALORIMETRY 

P D Allen and N J Hargrave 

INTRODUCTION 
The development of sensors based on optical fibre for measuring physical 

parameters such as pressure, rotation, temperature, magnetic field etc. is a 
rapidly growing field (Ha82, Cu83). Generally those detectors based on the 
interferometric sensing of the optical phase of the transmitted light are 
expected to be the most sensitive (Ha82). In a previous report the use of 
such a sensor in an absorbed dose to water calorimeter was discussed (A183). 
The temperature sensitivity of typical fibre combined with the resolution 
achieved in related but more developed technologies such as the optical fibre 
gyroscope (Cu83a, Bu84) suggested that this type of sensor is potentially more 
sensitive than the thermistors currently used in absorbed dose calorimetry. 
It was therefore concluded that investigation into possible means of realizing 
an optical fibre temperature sensor was highly desirable. The first stage of 
investigation involved setting up a simple interferometer 1n order to identify 
principal sources of instability and to determine the sensitivity of the 
optical fibre used. 

EXPERIMENTAL 
The Initial set-up of a Mach-Zehnder interferometer is shown schematically 

in figure 1. Unpolarlzed light from an He-Ne laser (632.8 nm) passes through 
linear polarizer LP and then is divided into two beams by beamsplitter BS1. 
The signal beam is focussed, using microscope objective MOl, on to the 4 vm 
diameter core of a single mode fibre (Newport F-SV) loosely colled into a loop 
of approximately 12 cm diameter. The fibre output beam 1s collimated to 
approximately the same size as the input beam using microscope objective M02. 
This beam 1s then mixed at the beam combiner BS2 with the reference beam (path 
BS1-M-BS2). There are two output beams from the combiner, each of which 1s 
expanded with a lens (LI, L2) to provide a visible Interference pattern. The 
Intensity at any point of a fringe pattern is measured by detectors Dl and 
D2. The two output Interference patterns are circular in shape and * radians 
out of phase with each other. To maximize fringe contrast the relative beam 
splitting ratios at BS1 and BS2 are arranged so that the component beam 
intensities at each output are as nearly equal as possible, thus compensating 
for the losses due to the coupling of the laser light into the fibre. 
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The output voltage of each detector varies sinusoidal1y as the relative 

phase of the two interferometer beams changes. Detector 01 is positioned to 
measure the intensity at the centre of the fringe pattern. The second 
detector 02 is adjusted so that it measures a point on the fringe pattern «/2 
radians out of phase with that measured by detector 01. Together the two 
sinusoidally varying voltages recorded on the XY plotter allow the unambiguous 
determination of the direction and magnitude of any fringe shift that occurs. 

A calibrated thermistor in a glass tube is used to monitor ambient 
temperature at the centre of the fibre loop. 

LS LP BSI 
i 1 EF-19 

MO I 

(3 

\ 
M 

LS = He Ne laser 
LP = linear polarizer 
BSI = beam splitter 
H = mirror 
HOI = x20 microscope objective 
F = single mode fibre loop 
T = thermistor-1n-g1ass temperature sensor 
M02 = x40 microscope objective 
BS2 = beam combiner 
LI , L2 = lens 
01, 02 = intensity detector 
XY = dual Input XY plotter. 

0-
M02 

BS2 

LI «f> 

Dl tJ_ 

-Oo 
L2 D2 

XY 

FIGURE 1 Schematic experimental arrangement for the preliminary 
Investigation Into stability and sensitivity of an optical fibre 
temperature sensor. 
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SENSITIVITY 

The sensitivity of the phase of light transmitted in Newport F-SV single 
mode optical fibre to changes of temperature was measured by observing fringe 
pattern shifts as the ambient temperature was varied. The coil and leads of 
the fibre loop consisted of approximately 95 cm of fibre. Ambient temperature 
was monitored using a thermistor (see above) connected to a OVM. The 
temperature data was logged and later correlated with the fringe shift 
information recorded by the XY plotter. Although some problems of measurement 
technique became evident (see next section) a reasonable estimate of the 
temperature sensitivity could be made. This sensitivity is 115+15 radians per 
Kelvin per metre of fibre (rad/(K.m)). 

The sensitivity of the fibre can also be estimated theoretically. The 
method used here follows that described by Lagakos et al. (La81). The phase t 
of a wave propagating in a fibre of length 1 is 

t = n.k.l 

where n is the refractive index of the core and k is the light wave number in 
vacuum. A temperature change AT causes n and 1 to change and hence produces a 
corresponding phase shift tt 

A|_ = 1 • /IDA + J. . / E 2 - n 2 . [(P n + P 1 2) .E r +- P 1 2 .EZ]J 
0AT n U T / P AT 2 

where p is the core density, P n and P are the Pockels coefficients for 
the core, and E and E are strains in the core. The required strains can z r 
be obtained by solving stress-strain equations for each layer of the fibre 
using appropriate boundary conditions and reasonable physical parameters for 
each material (La81). For a three layer fibre there are six simultaneous 
equations to be solved. 

The fibre used 1n the present experiment consists of a 4 pm diameter core 
and 130 pm diameter clad both made of silica with one region doped to produce 
waveguidlng properties, and a 280 pm diameter protective soft plastic 
coating. Unfortunately more specific information on the composition of the 
present fibre was not obtainable, presumably for proprietary reasons. 
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Therefore parameters for similar materials had to be used. Parameters for 
pure silica (core), B 20 3-doped silica (clad), and either silicone or 
Hytrel, a polyester plastic, (coating) are given in reference La81. The 
latter two materials represent the likely range of coatings, from relatively 
soft to hard. 

Using parameters for these materials and the measured layer diameters for 
the present fibre leads to the following sensitivity estimates: for the soft 
coating the sensitivity 1s 105 rad/(K.m), while for the hard coating the 
sensitivity is 134 rad/(K.m). 

DISCUSSION AND CONCLUSIONS 
The measured and estimated temperature sensitivities for the fibre are in 

agreement to the accuracy attainable at present. Future refinement of the 
measurement technique using a fibre whose parameters are better known will 
allow a more critical comparison to be made. 

During the course of tests and measurements limitations of the present 
set-up were noted and will be eliminated 1n future experiments. Background 
fringe shifts were a problem and these were traced to frequency Instabilities 
(of order 10 ) of the He-Ne laser. This problem will be solved by 
replacing the present laser with a stabilized single-frequency laser and as 
far as possible matching the optical path length of the reference and signal 
arms of the Interferometer. Other Improvements will Include design of a more 
suitable support and heater for the optical fibre, and the Incorporation of an 
active feedback stabilized method of phase detection. 
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Cu83 Culshaw B. (1983) J. Phys. E:Sc1. Instrum. 16, 978. 

Cu83a Culshaw B and Giles I P. (1983) J. Phys. E:Sci. Instrum. 16, 5. 

Ha82 Harmer A L, (1982) Measurement and Control 15, 143. 

La81 Lagakos N, Bucaro J A and Jarzynskl J, (1981) Appl. Opt. 20, 2305. 



28 
ABSORBED DOSE HICROCALORIHETER 

R B Huntley 

INTRODUCTION 
The main features of the final design of the ARL graphite microcalorimeter 

are shown in figure 1. The absorber 1s a graphite disc suspended within three 
closely fitting graphite jackets. This assembly forms an almost solid block 
of graphite, which is supported Inside the vacuum vessel. The plastic outer 
box is filled with polystyrene foam. A thin aluminium window, at one end of 
the cylindrical vacuum vessel, 1s a compromise which allows the radiation beam 
to enter the microcalorimeter after minimal interactions with non-graphite 
materials, while being rigid enough to remain nearly flat under atmospheric 
presure, allowing the external build-up material to be placed in close 
proximity to the microcalorimeter. Each part of the microcalorimeter is 
supported by bakelite pins within the next outer part. Small gaps between the 
graphite parts provide for evacuation and electrical connections. The 
dimensions and mass of each component will be measured before assembly. 

Absorber Heating by Thermistor 
A computer program has been written to investigate the feasibility of 

using a thermistor as the heat source for electrical calibration. The program 
calculates the temperature gradient set up in the graphite by such a 
thermistor, by considering the absorber to consist of a large number of 
concentric isothermal cylinders. Calculations have indicated that a 
temperature step of a few mK occurs across the thermistor-graphite interface 
at a power level of a few yW, during heat conduction through the adhesive 
lacquer. Because of this, the heating thermistor was relocated from the 
absorber surface (as assumed 1n the computer model), to the geometric center 
of the absorber. This was necessary to reduce heat transfer between the 
absorber thermistor and jacket 1, and between the jacket 1 thermistors and the 
absorber, by radiation and by gas conduction across the absorber-jacket 1 
gaps. The calculations indicated that the heat transferred between the 
absorber and jacket 1 is negligible in both the above heat transfer modes with 
this alteration. 

The results of the computer program indicate that the thermal conductivity 
of the graphite 1s sufficient to ensure that the temperature at the centre of 
the absorber 1s only about 100 pK higher than that at the edge, for a 23 vW 
Input power. This 1s the radiation heating power provided by ARL's cobalt-60 
teletherapy source at the proposed working distance of 700 mm. 
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Adlabatlc Jacket Design 

At a 23 yW power level, the temperature of the absorber should rise at 
about 13 vK/s, giving a total temperature rise of about 13 mK in a 1 ks 
adlabatlc measurement. Thus a temperature gradient of 100 »K represents only 
a I V . temperature variation from the centre to the edge of the absorber. 
It 1s considered that this temperature gradient will not seriously affect the 
accuracy of the calibration. The aim for temperature control of jacket 1 1s 
that Its temperature should track that of the absorber to within 10 »K during 
a total change of about 13 mK. 

In order to reduce the effect of the temperature gradient 1n the absorber, 
and to allow it to be evaluated experimentally, jacket 1 has two central 
(heating) thermistors, directly opposite the absorber's heating thermistor. 
The central parts of the two halves of jacket 1 also have the same thickness 
as the absorber. Heating wires around the outsides of the two halves of 
jacket 1 can provide sufficient energy to heat up the outer parts, so that the 
heating thermistors may both have the same power Input as the absorber's 
heating thermistor during electrical calibration. This should produce very 
similar temperature gradients 1n both halves of jacket 1 and 1n the absorber. 

Summary of Heat Transfer Calculations 
Calculations of heat transfer between the various microcalorimeter parts 

have been made, assuming a set of arbitrary but feasible temperature control 
limits. These showed that for each body, temperature excursions of ten 
seconds duration (to the tolerance limit) from the nominal or ideal 
temperatures, do not significantly disturb the temperature control of the next 
inner body, by any possible mode of heat transfer, or by a combination of 
modes. The only exception to this 1s that heat conducted through the air 
between the absorber and jacket 1 may exceed the desirable limit. In this 
case, 1f the air pressure in the absorber-jacket 1 gap is as high as 30 Pa (a 
pessimistic estimate), the heat transfer may be about 60V. more than the 
amount which would cause a 1 yK temperature deviation in the absorber. The 
heat transfer modes considered, and the calculated heat transfers, are given 
1n table 1. 

Under Irradiation, the support pins and electrical leads between the 
various graphite parts absorb energy at a very similar rate per unit mass to 
the graphite, as reflected by their similar mass energy absorption 
coefficients. However, they have markedly different specific heats; the wires 
approximately half that of graphite, the pins about 2.5 times that of 
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graphite. Thus the wires tend to heat up faster than the graphite, and the 
pins more slowly. This results in temperature gradients being set up, 
producing heat transfers with the graphite parts. Calculations show that 
these heat transfers should not significantly disturb the temperatures of the 
various bodies, as they are small compared with the rate of radiation heating 
of the graphite. Results are shown 1n table 1. 

Table 1. Heat Transfer Summary 

Notes* 
transfer 
parameter 

absorber jacket 
1 

jacket 
2 top 

mantle 
sides bottom 

mass, g 2.6 18 66 340 
1 ext. press.. Pa 30 10 3 1 
2 ext. gap, mm 0.3 0.3 0.3 1.5 9 
3 temp to l , tc, yK 1 10 100 1000 

60 

4 heat tol., H, yJ 1.8 130 5000 
5 conv. limit, MPa 24,000 8000 2400 130 

240,000 
5 0.3 

6 radiation, yJ 0.12 20 500 30,000 
7 pins conductn, yJ 0.22 8 150 200 
8 wire conductn, yJ 0.005 0.14 0.44 1.0 
9 air conductn, yJ 2.6 26 170 150 200 600 

10 tot. transfer, yJ 2.9 54 820 31,000 

11 pins deficit, yW -0.01 -0.6 -2 
12 wire surplus, yW +0.0006 +0.021 +0.02": 

-14 
+0.007 

13 tot. deficit, yW -0.01 -0.6 -2 
14 radn. heating, yW 23 160 600 

Notes * ( 1 
( 2 
( 3 
( 4 
( 5 
( 6 
( 7 
( 8 
( 9 
(10 
11 
(12 
(13 
(14 

-14 
1200 

Estimated external pressure. 
Gap to next outer component. 
Arbitrary temperature tolerance (tt). 
Heat exchange needed to produce tolerance temp, change. 
Minimum pressure for convection (1 atm. = 100 kPa). 
Radiative transfer if tt exists for 10 s. 
Conduction through support, pins 1f tt exists for 10 s. 
Conduction through electrical wires, if tt exists for 10 s 
Conduction through air 1f tt exists for 10 s. 
Total heat transfer 1t tt exists for 10 s: compare with (4). 
Heat deficit: due to larger specific heat of support pins. 
Heat surplus: due to smaller specific heat of wires. 
Total heat deficit due to pins and w1re c: compare with (14). 
Radiation heating rate, Co-60 700 mm (9 mGy/s, graphite). 
Partial irradiation by 70 mm square radiation beam. 
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CHEMISTRY AND STRUCTURE OF 

TECHNETIUM COMPLEXES 

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

The practice of nuclear medicine relies heavily on the use of 
technet1um-99nt radiopharmaceuticals as functional and Imaging agents. 
Knowledge of the fundamental chemistry of technet1um-99m complexes 1s 
important to establish structure-distribution relationships and to point the 
way to the rational design of new organ-specific radiopharmaceuticals. Since 
the molar concentrations of technet1um-99m complexes are very low we have used 
the long lived technetium-99 which allows complexes to be isolated and to be 
examined by conventional chemical and spectroscopic methods. Our studies 
have, 1n particular, centred on the chemistry and structure of complexes 
containing the Tc=N core. 

The crystal stuctures of AsPH.[TcNClJ and AsPh [TcNBr ] have been 
12 4 4 4 4 

published. * The complex anions are square pyramidal with the nitrido 
ligand in the apical position. Addition of CsCl to a solution of 
[TcNCl.] in cone, hydrochloric add results 1n the formation of the 
six-coordinate Cs 2[TcNCl 5]. 3 The chloro ligands of [TcNCl 4]~ are 
labile, resulting in a convenient route to Tc=N complexes. Thus, reaction 
of AsPh.[TcNCl.] with LiBr 1n acetone rapidly gives the deep-blue VI -AsPh 4[TcNBr 4]. The [Tc NCI.] anion 1s an oxidizing agent and 
reaction with the reducing Ugands [S 2CNEt 2T, PPh 3, NCS~ and 
thlooxlne results 1n the formation of [TcN(S CNEt )], 
[TcNCl (PPh ) ], [TcN(NCS) .CH CN] and [TcN(thiooxine) ] all of 
which contain the Tc =N core. The reaction of KNCS with 4 [TcNCl 2(PPh 3) 2] results 1n the replacement of only the chloro Ugands 
and Indicates that this complex 1s a less versatile precursor for Tc v=N 
complexes than 1s [TcNCl.] . 

The Tc=N bond 1s very stable to hydrolysis, a fact which supports the 
99m formation of TcN-rad1opharmaceut1cals. The reaction of [TcNCl.] 

with water gives a brown precipitate which 1s shown to retain the Tc=N core 
by its l.r. spectrum and conversion to [TcNCl.] on dissolution 1n cone. 

3 hydrochloric add. Attach at Tc=N has been shown 1n the reaction of 
[TcN(S 2CNEt 2] with S 2C1 2 or S0C1 2 to give 
[Tc(NS)Cl 2(S 2CNEt 2) 2]. 5 
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The chemistry of technetium 1,2-benzenedithiolato (bdt) complexes is being 

investigated. Reaction of bdt with AsPh 4[TcOCl 4] gives the expected 
AsPH.[TcO(bdt)2] which has been characterized by a crystal structure. 
The reaction of bdt with TcO~ in acid solution results in the formation 
of a dimer, [Tc (bdt).]. The crystal structure of [Tc.(bdt).] shows 

2 4 2 4 
the complex to consist of two n»ar-perfect trigonol prisms sharing one face. 
This structure is of great interest since i t appears that i t represents a 
totally new coordination geometry. A paper 1s in the course of preparation. 
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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 1s 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.) 1s 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 
configuration 4d ), Tc (4d ) and Tc (4d ). Very few e.s.r. 
studies of technetium complexes have been reported in the literature. Studies 
of the e.s.r. spectra of a number of technetium complexes are proceeding. 

2+ (1) An e.s.r. study of the Tc 1on 1n five- and six- coordinate 
complexes involving the nltrosyl 1on 1n an out-of-plane position has 
shown the behaviour expected from a 4d 1on, where the strong 
Ugand field has resulted 1n a low spin complex. The interpretation 
of the spectra of [(«4As)2(TcN0(SCN)5)] has shown that the 
current methods of analysis of the e.s.r. spectra of low spin d 
complexes may not be adequate. A detailed analysis of some other 
nltrosyltechnetate (11) complexes is in progress. 

(11) An e.s.r. study of the Ions [TcNCl4] and [TcNBr4] has been 
made 1n conjunction with x-ray crystallographic studies. The results 
show the trends 1n g and hyperflne values expected from the position 

2 of the Tc 1on 1n the periodic table. 

(111) ESR measurements at ca. 9.15 GHz and in the range 2-4 GHz have 
enabled the effects of concentration and solvent composition on the 
spectra of frozen solutions of trigonal-prismatic trls 
[2-am1nobenzeneth1olato(2-)-S,N]technet1um(VI) and -rhenlum(VI) 
complexes to be Interpreted 1n terms of the breakdown of molecular 
aggregates. In the case of Tc(abt) 3, this dissociation gives the 
monomerlc species, while Re(abt) appears to give a mixture of 
trlmeric and monomeric species. The spectra arising from the 
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monomer1c species are best Interpreted by almost Isotropic g and A 
values but with a subtle Interplay of anisotropic line width 
effects. The extent of the derealization of the unpaired electron 
in the 2a ' molecular orbital onto the ligands 1s Indicated by the 
effects on the ESR spectra of Intertnolecular exchange Interactions 
between Re(abt). molecules, where the Re Ions are probably ca. 10 A 
apart. This 1s a rare example of intermolecular exchange 3 Interactions wlt.iout a direct-bonded pathway. 
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BIOLOGICAL BEHAVIOUR OF 9 9 m T c - COMPLEXES BASEO ON THE TcN GROUP 

J Baldas and J Bonnyman 

Preparation of technetium-99m radiopharmaceuticals usually requires the 
reduction of technetium pertechnetate to a lower valency state where 1t may be 
coordinated to a number of complexlng agents. Most commonly used reducing 
agents lead to the reduction of Tc to the Tc(IV) or Tc(V) valency states and 

V in many cases the complex formed contains vhe Tc 0 moiety. We have been 
studying the use of TcNCl. to prepare Tc-complexes containing a 
TcN group and the effect of the TcN group on biological behaviour. 
TcNCl. has been characterised by crystallograph1c and e.s.r. techniques 
(1) and 1s able to form complexes by a substitution route. This is a 

99m desirable feature for the preparation of Tc-complexes 1n that 1t usually 
results in purer complexes. 

A wide range of agents have been used to prepare 9 9 m T c N -complexes for 
biological study. Results to date show that the TcN moiety forms weak 
complexes with hard Ugands and as a result tends to exchange with serum 
proteins.(2,3). With soft Ugands, however, complexes formed are stable 
1n vivo and generally show different biological behaviour to that of the 
complex obtained when alternative reducing agents are used. 

The use of mTcNCl7 for the technetium labelling of monoclonal 
antibodies 1s also being studied 1n collaboration with the Research Centre for 
Cancer and Transplantation, University of Melbourne. Specificity of the 
labelling procedure 1s measured by use of 1n vitro binding assays in which the 
labelled antibody 1s Incubated with either reactive or non-react1ve thymocyte 
cells. Results showed that high specific activity labelling could be achieved 
without loss of specificity. Specificity was also verified 1n vivo by the 
localisation of a labelled specific monoclonal antibody following Injection 
Into mice containing palpable tumors. Labelled non-specific antibody failed 
to localise in the same tumor. Further work 1s in progress. 
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UPTAKE OF LI6AND FREE TECHNETIUM IN TUMOURS - A 

NEW 6EMERAL MODEL FOR TECHNETIUM TUMOUR SCINTIGRAPHY 

P M Pojer, A C Jakovljevlc, M Lichtenstein* and (in part) K N Wise. 

INTRODUCTION 
As a result of our studies with technetium-99m labelled magnetic particles 

we discovered that technetium labelled boride particles dissolved, allowing 
the technetium to be excreted in the urine. This biological behaviour was 
unlike that of colloidal technetium or pertechnetate and it was therefore 
hypothesised that, 1n the absence of any ligands, the technetium was 
transported as a protein complex. Since weak complexes of technetium have 
been used in tumour scintigraphy for some time, we felt the labelled metal 
boride would be a good model to check whether ligands are required to 
transport the Isotope to tumours. 

RESULTS 
Intravenous injection of technetium-99m labelled nickel boride into mice 

bearing a T-cell lymphoma 1n the thigh, did, in fact, show preferential 
accumulation of the label in the tumour (Jakovljevlc, 1984) as shown in 
table 1. 

Table 1. B1od1str1but1on of labelled nickel 
boride in tumoured mice** 

Hours after IV administration 

7.5 52 72 

Tumour/blood 0.70 ± 0.30 1.38 ±0.12 1.91+0.35 
Tumour/muscle 2.77 ± 1.53 2.78 ± 1.34 4.39 + 3.52 
Tumour/skin 1.22 ± 0.55 1.02 ± 0.39 1.08 + 0.16 

** Mean of 5 mice ± SD 

A further test of this hypothesis which involved a comparison (Pojer, 
1985) of the accumulation of technetium pyrophosphate (as control) and the 
same radiopharmaceutical 1n the presence of iron dextran (which should lead to 
enhanced dissociation of the radiopharmaceutical) showed a dramatic increase 
in uptake 1n the tumour, as shown in table 2. 

* Royal Melbourne Hospital. 
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Table 2. The effect of Iron dextran on tumour 
uptake of technetium-99m administered IV as pyrophosphate 

Controls* Iron pretreated mice** 
Tumour/blood 2.34 t 0.92 3.64 ±1.12 
Tumour/muscle 2.99 ± 1.13 4.66 ± 2.60 
Tumour/skin 1.13 ±0.43 1.12 ±0.43 

* Mean of 8 mice ± SO 
** Mean of 6 mice ± SD 

The implication is that weakly chelated technetium apparently owes its 
tumour visualizing properties to the ease with which the complex dissociates 
and not to any inherent property associated with the ligand. 

Although clinical evaluations of this theory were envisaged, this project 
has now been discontinued. 
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DEUTERATIONS WITH DEUTERATED RANEY NICKEL 

P M Pojer and (1n part) A C Jakovljevic 

INTRODUCTION 
Studies of magnetic particles which could be labelled with technetium-99m 

(Pojer, 1982a; Pojer, 1982b; Jakovljevic. 1983; Llchtensteln, 1984; 
Pojer, 1984a) led us to Investigate the surface reducing properties of Raney 
nickel. The applied use of surface reductions of technet1um-99m has also been 
the subject of a provisional patent (Llchtensteln, 1983). Raney nickel could 
reduce pertechnetate and this property was ascribed to surface hydrogen atoms. 

RESULTS 
The Raney nickel surface hydrogen atoms could be exchanged with deuterium 

oxide to a prepartlon which now, presumably, contained surface deuterium 
atoms. This preparation was used to effect the following deuterium labelling 
experiments: 

(1) Exchange of "activated" aliphatic hydrogens (eg benzylic hydrogens, 
those adjacent to carbonyl groups, etc) to deuteriums. 

(2) Exchange aromatic ring hydrogens to deuterium. 

(3) Convert natural o-"hydrogenated" amino acids to <*-"deuterated" amino 
adds. 

(4) Reduce aromatic carbonyl compounds to benzylic compounds labelled 
with deuterium at the benzylic positions. 

(5) Reduce alkenes and alkynes to deuterated saturated molecules 

(6) Reduce aromatic rings to fully deuterated cyclohexanes. 
The addition across double and triple bonds was found, as expected, 
to occur 1n a c_1s. manner. Hydrogen/deuterium exchange 1n amino acids 
proceeded with racemlsatlon. 

This work has been the subject of a publication (Pojer, 1984b) and a 
patent (Pojer, 1984c) and has now been discontinued. 
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THE DEVELOPMENT OF THE WHOLE-BODY MONITOR AS AN EFFECTIVE 

INSTRUMENT TO ESTIMATE IN-VIVO BODY BURDENS 

L H Kotler 

A semi-empirical expression has been developed (1) to estimate the 
efficiency at any point below a 150 mm x 75mm Nal(TI) detector. The 
expression is valid for a set of discrete photon energies in the region 121 
keV to 2599 keV. It has not been feasible to generalise some of the energy 
dependent parameters of the semi-empirical expression. Therefore *n order to 
calculate the efficiency at an arbitrary energy 1t has proved necessary to 
calculate the efficiency at all discrete energies (at the point of interest) 
and then interpolate appropriately. The energies of interest have been 
extended to include the 59.6 keV photon of Amer1cium-241 as this nuclide may 
be present in subjects who have been in Maralinga. 

The lung phantom which has been used to the present (2) has now been 
replaced by a geometric model in which the measurement efficiency of the lung 
is determined from the average efficiency of a series of random points within 
it. An advantage of this method 1s that 1t allows the dimensions of the 
"lung" and "chest" to be varied both to suit the Individual subject 1n a more 
complete manner than previously (2), and to match the standardised dimensions 
recommended by the I.C.R.P. (3). Furthermore, the sensitivity of the estimate 
of "lung" efficiency to "lung" dimensions may be directly determined. The 
mathematical model of the lung is more 'realistic' as 1t allows the posterior 
surface of the lung to have dimensions which differ from that of the anterior 
surface. The model of the lung 1s depicted 1n 2 perspectives 1n Figure 1. 
The attenuation coefficients for the "lung" material have been empirically 
determined from measurements on utility bags (2). The material which has been 
used to simulate the tissue above the lung 1s perspex (2). 
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F16URE 1. Geometrical model of human lung. 
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A geometric model has also been determined for the liver. The model, 

depicted in Figure 2, is half an elliptical paraboloid with the anterior 
surface of the 'liver' being the flat part of the semi-paraboloid. As it can 
be described analytically its volume can be matched to that of the I.C.R.P. 
'standard man' (3). This model is useful in studying ingestion of 
americium-241, since the isotope may be present in both the lungs and liver. 

FIGURE 2. Geometric model of human liver. 

Work is continuing on the analysis of repeated measurements on two 
subjects using the least-squares fitting procedure (1). Another standard 
spectrum has been added to the three described previously (1). This spectrum 
represents the fallout product caesium-137, which has remained in the body. 
In order to further improve the fit between data and model it has been found 
necessary to correct for variations in the zero of the pulse-height scale 
which have occured since the standard spectra were generated. There is no 
direct means of determining this correction at the time of measurement. 
However 1t may be estimated by repeatedly performing the least squares fitting 
procedure with a systematic variation of this parameter. The number of 
channels by which the zero 1s shifted to minimise the residual sum of squares 
1s taken as the correct value of the shift. An example of the variation of 
the residual sum of squares with zero shift is depicted in Figure 3. 
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FIGURE 3. Variation of residual sum of squares with zero shift. 
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Preliminary calculations Indicate \̂ hat the least squares fitting procedure 

should Improve the minimum detectable 'evel by a factor of at least two. For 
example, for natural uranium it 1s usually 1n the range 15 - 20 mg 1f the 
calculation Is based on a comparison with a previous measurement on a 
subject. The least squares procedure will generate a minimum detectable level 
of at least 6 - 10 mg under the same conditions. These latter values are 
conservative since at this stage it appears that the 'F' statistic may lot be 
a suitable criterion to determine the 'significance' of an additional standard 
spectrum (1). 
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LASER RADIOHETRY - ELECTRICALLY CALIBRATED PYROELECTRIC RADIOMETER 

W A Cornelius and R V Sargent 

A previous report describes the function, design and operating principles 
of an electrically calibrated pyroelectric radiometer (ECPR) currently under 
development (1). The ECPR is primarily intended for use as a measurement 
standard of radiant power from continuous wave (c.w.) laser beams (although it 
could be used to calibrate radiometers Intended for the measurement of other 
sources of c.w. radiation ranging from ultraviolet to far infrared 
wavelengths). 

A microcomputer is used to monitor and control the ECPR circuitry so that 
the desired accuracy and reliability can be achieved. Operating software has 
been developed and tested in PASCAL language (Z80 based Borland TURBO 
PASCAL). Assembly routines have been Included in the PASCAL code to acheive 
optimum processing speed. The software has been designed so that it may be 
readily adapted to different microprocessor systems and also to aid in ECPR 
circuit replacements where critical system parameters may change (e.g. 
replacement detector, heater power supply, reference oscillator etc.). 

All software dealing with data manipulation, statistical noise analysis 
and ECPR operating regime has been successfully tested in a program designed 
to simulate data from the ECPR. 

As a consequence of further test results obtained with a partially 
completed ECPR prototype, modifications were made to a number of the ECPR 
circuits 1n order to eliminate noise and instability. In particular, the 
differential amplifier circuit employed for phase locked voltage and current 
measurements was redesigned. The power supplies and Internal reference 
oscillator circuits have also been modified to improve system performance. 

The electrical heater layer incorporated into the pyroelectric detector 
design was found to have excessively lev resistance values. A a.fferent 
coating pattern was devised to overcome this problem. 

Further testing will follow assembly of the complete ECPR circuitry. 
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PHOTORADIATION IN THE THERAPY OF TUMOURS 

V Delpizzo, W A Cornelius, P M Pojer 

The background to this project has been described in detail in a previous 
report (Delpizzo et al 1985). The experimental work carried out in 1984 was 
aimed at the direct detection of singlet oxygen production. 

The experimental layout is illustrated in figure 1. As a detector we used 
either of two Judson germanium photodiodes: Mod J 16-18 having a diameter of 1 
mm and a responsivity of 0.7 A/W and Mod J 16-8 having a 5 mm diameter and a 
similar responsivity. The area of the second detector matched more closely 
that of the aperture at the bottom of the light collecting cone, but its time 
response is considerably slower than that of the 1 mm diode. The detectors 
were operated at room temperature. 

XeCI laser dye laser XeCI laser dye laser 
WINOOW ,r cell 

boxcar averager 

L'GHt COLLECTING I v PHUTCD:0CE 
COMC I 

- amplifier 

FIGURE 1. Schematic diagram of experimental layout. 

The detector signal was amplified with an impedence matched, output 
buffered amplifier. Various values of the amplifier gain and bandwidth were 
used. The highest gain employed was 10 V/A, with a minimum bandwidth of 
250 KHz. 

We used two types of filters: 

an Interference filter with a transmission bandwidth of 127 nm centred at 
1270 nm. 
a gelatine filter (Kodak 87A) with a transmlttance of less than 0.1°/, 
for wavelengths shorter than 880 nm. 

These filters were used alone or together. In some cases several layers 
of the gelatine filter were used to reduce the transmlttance at the unwanted 
wavelengths. 
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We have Irradiated the sample with a low energy (0.3 mj/pulse), high 

repetition rate (100 Hz) laser using a boxcar averager to enhance the 
signal-to noise ratio by a factor of approximately 100 over that obtained with 
a single pulse. 

Data obtained so far have been Inconclusive, as leakage of ambient light 
has tended to confuse the results. 

REFERENCE 
Delplzzo V., Cornelius W A, Pojer P M, (1985). Annual Review of Research 
Projects 1983. ARL Technical Report, TR071, p 59, August 1985. 



49 
DEVELOPMENT OF A UV LASER SOURCE 

V Delpizzo and D W Tomlinson 

A high power excimer laser has been built and operated. The laser is 
based on a design described by Scott et al (1982) but it incorporates the 
"automatic pre-ionization technique" devised by Kearsley et al (1979). The 
laser head is schematically illustrated in Fig. 1. 

current limiting 
resistor 

+ —WVWWW-

FIGURE 1. Schematic diagram of laser head. 

The electrodes consist of two parallel aluminium bars one metre long. 
They are flanked by four rows of "doorknob" ceramic capacitors (Murata 
N4700). The top plates of the two top rows (marked CI in Fig. 1) are 
electrically and mechanically connected. The bottom plates of the two bottom 
rows (marked C2 1n the figure) are similarly connected. The bottom plates of 
the CI capacitors and the top plates of the C2 are 'floating'. The total 
capacitance of each capacitor row 1s 36.5 nF. The electrodes and the 
capacitor rows are mounted 1n a very compact assembly to minimize inductance 
and are contained in a 20 cm diameter PVC tube. The ends of the tube are 
sealed by PVC flanges and quartz windows. The vessel thus obtained is filled 
with the required gas mixture. 

The capacitor C is charged to 40 kV. The spark-gap 1s then fired thus 
connecting the positive plate to ground. The charge accumulated on the 
negative plate causes a large potential difference to appear across the 
resistor R and, therefore, between the rows of capacitors CI and C2. The 
small (typically 3 mm) gaps between the top and the bottom capacitors are then 
bridged by arcs and the capacitors are charged. Eventually, when the 
potential difference reaches the breakdown voltage of the main discharge gap 
(D), the energy stored 1n the capacitors 1s transferred to the gas mixture 

contained in the laser vessel. 
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In order to achieve laser action it is necessary that the discharge assume 

"glow" rather than arc characteristics. In an arc discharge ions multiply in 
an avalanche process and lead to the formation of narrow conducting filaments 
of low impedance. The energy stored in the capacitors is not efficiently 
dissipated in these filaments. However if a large number of free electrons is 
present in the gas before the breakdown voltage is applied, the number of 
primary avalanches is increased to the point where adjacent avalanche patches 
overlap. This leads to a reduction of the local gradients of the space-charge 
field to such an extent that filamentation is prevented (Levatter and Lin 
(1980)). In our case the large free electron population required to inhibit 
filamentation is provided by the UV light produced by the arcs appearing 
between the capacitors of the top and bottom row before the voltage across the 
main gap reaches its breakdown value. The timing of the pre-ionization arcs 
with respect to the main discharge can be adjusted by varying the gap between 
the two rows of capacitors. 

The spark-gap (SG) is an improved version of that described in a previous 
report (Delpizzo et al (1982)). The laser cavity consists of a totally 
reflecting aluminium mirror and an uncoated quartz plate. The laser can be 
used with a number of gas mixtures. We have used nitrogen in helium (20°/ o 

N ) and xenon and hydrogen chloride in helium. The highest energy was 
obtained with a mixture of 0.12°/o HC1 and 0.75°/ o Xe in helium and a 
total pressure of 260 kPa. The pulse energy was then approximately 35 mj and 
the pulse duration 5 ns. Higher pulse energies (approximately double) can be 
obtainei with KrF but this mixture has been rarely used to avoid unnecessary 
corrosion of the quartz windows and of the gas handling system. The laser has 
been routinely operated and used as a dye laser pump. 

Acknowledgement: We are grateful to R L Calvert for his contribution during 
the design stage of this project. 
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ULTRAVIOLET RADIOHETRY 

H P Gies, C R Roy and & Elliott 

The aim of research in this area is to further develop the measurement and 
calibration capability in the ultraviolet (UV) region of the electromagnetic 
spectrum. This will enable the accurate determination of the spectre 1 
distribution and dosimetry of sources of ultraviolet radiation (UVR). A 
number of different measurement systems, both spectroradiometric anc 
radiometric, are now operational, namely: 

(1) Spex 1404 double grating monpehromator system for high resolution spectral 
distribution measurements in the laboratory (600 gr/mm gratings, blazed at 
250 nm, 0.85 m focal length, 0.005 nm resolution). 

(2) Optronics 740A spectroradiometer system for laboratory and field 
measurements of spectral distributions (single grating 1200 gr/mm, blazed 
at 300 nm, 0.25 m focal length, 1 nm resolution). 

(3) Spex 1680B double grating monochromator, currently dedicated to solar 
measurements, incorporating a Labsphere 200 mm diameter integrating sphere 
(1200 gr/mm gratings, blazed at 250 nm, 0.22 m focal length, 0.2 nm 
resolution). 

(4) International Light 700A radiometer with Interchangeable heads and filters 
for radiometric measurements in the UV-A, UV-B and UV-C regions. An 
intercomparison of radiometers with NHL has provided an absolute detector 
response curve for the IL700A radiometer. 

(5) Scientech volume absorbing calorimeter for broadband radiometric 
measurements. 

These measurement systems are calibrated using standard lamps traceable to 
NBS and NML, which allow calibrations over the wavelength range 250-1000 nm 
(tungsten halogen standard lamps) and 200-400 nm (deuterium lamps). Systems 
(1), (2) and (3) all have Independent data acquisition systems linked to the 
laboratory MV8400 main computer. 
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The following investigations are in progress: 

(a) VDTs 
Heasurements of the electromagnetic radiation emissions from VDTs have 
continued. At this stage, 78 different colour and monochrome sets have 
been examined. The complete results and data have been published in a 
technical report (1) and a research paper has been submitted (2). 

(b) Solaria 
Measurements of the UVR sources in use 1n solaria were completed and the 
full data and results have been published 1n a technical report (3). A 
paper examining the hazards of exposure to these sources of UVR has been 
submitted for publication (4). 

(c) UVR Sources 
A number of different UVR sources in use in Industry and commerce such as 
blackllghts, signature verification units and germicidal lamps were 
examined and an ARL technical report 1s anticipated In the near future. 

(d) Reflectance Measurements 
The development and modification of a technique to measure the reflectance 
of human skin as a measure of the degree of erythemal reddening and 
pigmentation (5) has commenced. Information from such measurements will 
be useful 1n interpretation of results in the Vitamin D3 photobiosynthesls 
project. 

(e) Protection Against UVR Exposure 
Measurements of the protective effects of clothing and other materials 
against UVR have been made. Direct and total transmission measurements 
have been made with a 300 mm diameter International Light integrating 
sphere attached to the Spex monochromator. Additional and more detailed 
measurements will be made at later date as part of a program to examine 
the exposure and protection of outdoor workers to solar UVR and compliance 
with the IRPA guidelines (6). 
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SPECTRORADIOHETRIC MEASUREMENT OF SOLAR ULTRAVIOLET RADIATION 

C R Roy. H P 61es and G Elliott 

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

ultraviolet radiation (UVR) at the earth's surface was discussed in the 1983 
report. The likely adoption of an Australian occupational standard during 
1985 will further increase the need for good solar UV data especially in 
regard to the UV exposure of outdoor workers. 

EXPERIMENTAL PETAILS 
A 3.6 x 2.4 x 2.7 m laboratory has been installed in the north-west corner 

of the laboratory grounds. The insulated and air conditioned room has a hatch 
in the roof to allow entry of solar radiation. Detection equipment will be 
installed as soon as laboratory tests have been completed. 

The Instrumentation incorporates a Spex 1680B double grating 
monochromator. The monochromator contains two 50 x 50 mm, 1200 grooves/mm 
ruled gratings blazed at 250 nm, resulting 1n a dispersion of 1.8 nm/mm and a 
resolution of 0.2 nm. Entrance and exit slits adjust bilaterally and 
continuously from 50 to 5000 microns. 

A microprocessor based scan controller has been built which gives a step 
resolution of 0.02 nm. Data is initially stored on disc but a daily transfer 
of solar and calibration data to the laboratory MV8400 computer is anticipated. 

The detector 1s an EMI 9635QA end-on photomultiplier (PMT) which is held 
at -10'C. The typical dark current 1s 50 picoamps. 

The Input optics for the system are still being finalized. A system 
incorporating a 200 mm integrating sphere with a quartz fibre optic link to 
the monochromator 1s planned, but considerable testing is still required. 

A typical current versus wavelength plot 1s shown 1n Figure 1. The 
current below the onset (at approximately 293 nm) 1n the uncorrected plot 1s 
due predominately to PMT dark current. In future it will be necessary to 
average more readings in order to carry out a better dark current correction. 
The current at 300 nm corresponds to a spectral 1rrad1ance of approximately 

2 
100 m1crowatts/m nm. 



55 
OTHER INSTRUMENTATION 

Solar UV radiation will be monitored continuously with an Epley UV 
radiometer (model TUVR). This has an interference filter which limits the 
spectral response to the 295 to 385 nm interval. Total sun and sky radiation 
will be measured with an Epley Precision Spectral Pyranometer. This has a 
spectral response covering the 0.285 to 2.8 micron region. Both of these 
radiometers are connected to a datalogger, which has a backup power supply. 
Stored data will be transferred weekly to the MV8400 computer. 

The complete system should be fully functional by the summer of 1985. 

IQ-'f 
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SOLAR ULTRAVIOLET RADIATION 

Spex 1680B / integrating sphere / Inm steps 
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FIGURE 1. Typical solar spectrum scan showing the effect of dark current 
correction. 
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THE PHOTOBIOSYNTHESIS OF VITAMIN D3 IN THALASSAEMIC CHILDREN 

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

INTRODUCTION 
A detailed rationale for this project was given in the 1983 Annual Report. 

EXPERIMENTAL DETAILS 
(1) Ultraviolet Radiation Source 

A 2 m long sunbed incorporating twenty-six 600 mm long Oliphant FL20SE 
fluorescent tubes has been built (see Figure 1). A shutter was also 
constructed so that it is not necessary to turn the lamps off between 
exposures. Each tube has a dimmer so it is possible to adjust individual tube 
output so that the UV irradiance is uniform (to within 5°/ 0) along the 
sunbed. 

FIGURE 1. Photograph of the UV-B sunbed and International light radiometer 
used for irradiance measurements. Standing behind the sunbed is a shutter 
which slides between the lamps and the perspex top. 
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The unweighted UV-B irradiance, measured at the acrylic plastic surface of 

2 the sunbed is approximately 2.7 W/m . Test irradiations on informed 
volunteers indicate that times for a MED (minimal erythemal dose) range from 
20 to 50 seconds depending on the skin pigmentation and location of test 
site. If necessary these times can be lengthened by adjusting the dimmers. 
This decreases the sunbed irradiance without altering the spectral 
distribution (see Figure 2). 
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FIGURE 2. Spectral irradiance plots of the Oliphant FL20SE lamps as a 
function of dimmer setting. 

(2) Vitamin D3 Assay 
Further testing of the competitive protein binding assay described in the 

1983 report was carried out. Calibration curves covering a concentration 
range of 0.05 to 12.8 nanograms of vitamin 03 are now quite reproducible. 
Problems are still experienced in the assay of actual samples and this has 
been traced to the final (HPLC) step 1n the cleanup procedure prior to the 
commencement of the actual assay. This problem 1s holding up the first 
clinical trials. 

(3) Skin Pigmentation 
Some preliminary work has commenced on the ' 1n vivo' measurement of skin 

reflectance. If the technique is successful this will enable the quantitative 
determination of skin pigmentation prior to and following UV irradiation. 

* Garvan Institute, St. Vincent's Hospital, Sydney. 
** Thalassaemlc Clinic, Royal Children's Hospital, Melbourne. 
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POTENTIAL SOURCES OF RADIOACTIVE CONTAMINATION 
ORIGINATING FROM THE HILLING OF URANIUM ORE 

M.B. Cooper and M.J. Wilks 

In order to assess the environmental impact of uranium mining and milling 
it 1s essential to gain quantitative information with respect to the 
physico-chemical state of long-lived radionuclides during the milling process 
and in the tailings dam. A previous study, (Ring et. al. 1982), has shown 

230 that a significant quantity of Th 1s dissolved during the mill circuit. 
226 The solubility of other radionuclides, especially Pa, is Influenced by 

the pH at the particular stage of the process and possibly by the sulphate 
concentration 1n the tailings dam. The aim of this project 1s to examine the 
distribution of radionuclides 1n the milling of uranium ore and also to 
examine the mechanisms by which these radionuclides may be leached from solid 
tailings. 

Process samples, both solid and liquid, have been collected from various 
stages of the mill at the Ranger site in the Northern Territory. Three sets 
of samples have been analysed, two from single shifts and the third set 

Table 1. Concentrations of radionuclides in the add leaching 
stages of the mill circuit. 

Sample Radionuclide concentration (solids, Bq/g; liquids, Bq/1) 
U-238 Th-230 Ra-226 Pb-210 

Leach Feed 
solid 31.0 29.3 31.2 29. 
liquid * * * * 

Leach Discharge 4.4 ?0.4 29.3 28.2 
solid 21500 6000 * * 

CCD No. 1 
Overflow 12000 6700 20 110 

Pregnant Liquor 12300 7700 79 

* - below limit of detection 
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resulted from compounding four weekly samples from the same locations. Liquid 
samples were prepared for analysis by co-precipitation to separate 
radionuclides of the U-238 and U-235 series from the bulk of the solution. 
The precipitates were dried, mixed with resin and contained in standard pvc 
packs for analysis by high resolution gamma-ray spectrometry. Solids were 
mixed with resin and transferred to the standard packs for measurement. 
Additional analyses for U-238, Th-230 and Ra-226 were performed on selected 
samples using a liquid scintillation technique. 

In Table I data are presented for the acid leaching stage of the mill circuit. 
At this stage approximately 30°/ o of the original activity of Th-230 is in 
solution whereas Ra-226 and Pb-210 remain substantially 1n the solid phase. 
During the next stage which involves solvent extraction Th-230 remains in the 
raffinate and does not transfer to the organic phase with uranium (see 
Table 2). 

Table 2. Radionuclide concentrations (Bq/1) 1n liquids from the 
solvent extraction stages of the uranium mill circuit. 

Sample U-238 Th-230 Ra-226 Pb-210 

Pregnant Liquor 
Barren Organic 
Loaded Organic 
Raffinate 
Loaded Strip 
Barren Strip 

The results for tht- various tails material, liquid and solid, are 
presented 1n Table 3. In the add tails there 1s a significant amount of 
Th-230 and Pb-210 1n solution. Upon neutralisation the concentrations of both 
these radionuclides 1n the liquid phase decrease whereas Ra-226 remains 
moderately soluble. This latter phenomenon has been ascribed 1n other studies 
(Ring et. al. 1982) to a decrease 1n the sulphate concentration and a 
dissolution of radium sulphate due to the common ion effect. In the analysis 
of Ra-226 and Pb-210 1n retention pond and tailings dam water we observe 
(Table 4) that levels of Ra-226 are significant, particularly 1n the tailings 
dam. 

12300 7700 
17 * 

22000 * 
* 7800 

26000 * 
23 * 

* 79 

* * 
4 90 

below limit of detection 

A 
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Sample 

Table 3. Analysis of treated and untreated tailings 
samples for long-lived radionuclides. 

Radionuclide concentration (solids, Bq/g; liquids, Bq/1) 
U-238 Th-230 Ra-226 Pb-210 

A d d tails 
solid 6 37 35 35 
liquid 280 6100 11 95 

Raffinate * 7800 4 90 

Neutralised tails 
solid 4 37 35 35 
liquid 1 3 12 * 

below limit of detection 

Table 4. Levels of Ra-226 and Pb-210 in water from the 
retention ponds and tailings dam. 

Sample Location Radionuclide concentration (Bq/1) 
Ra-226 Pb-210 

Tailings Dam 
Seepage Collector 
Retention Pond No. 1 
Retention Pond No. 2 
Retention Pond No. 3 
Retention Pond No. 4 

65 
0.2 
0.01 
1.10 
1.10 
0.04 

2 
* 
0.08 
3.5 
2.6 
0.04 

* - below limit of detection 



61 
In addition to the work described above we have commenced an investigation 

of the characteristics of radium 1n solution under various conditions in order 
to explain the chemical behaviour of radioactive species in a uranium mill and 
to relate the chemical state of a radionuclide to transport mechanisms in the 
environment. The most likely fate of a soluble radium complex is to be 
adsorbed on to the surface of particulate material and to date preliminary 
work has concentrated upon the adsorption profile for radium on to silica 
colloid. Figure 1 demonstrates the adsorption of radium on colloidal silica 
in the presence of a low concentration of sulphate. Under these solution 
conditions radium exists as a soluble sulphate complex however with colloid 
present this complex becomes adsorbed on to the surface of the silica as the 
pH of the solution increases. Radium exhibits similar behaviour when the 
nature of the complexing anion changes. In figure 2 the results of 
experiments involving solutions of radium carbonate and radium-EOTA are 
presented. In all cases the effect becomes significant only after the pH of 
formation of the radium complex with the anion is reached. Radium cations do 
not adsorb on to the colloid to any great extent. 

In collaboration with officers of the Australian Atomic Energy Commission 
a study of the long term release of radionuclides from tailings has 
commenced. This work will use accelerated column leaching tests to determine 
the release rate of radionuclides from various types of tailings, treated and 
untreated. The content of radioactive species in the leachate will be 
correlated with levels of other soluble catlonlc and anionic species. 

REFERENCE 
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FIGURE 1. Adsorption behaviour of radium on to silica 1n the presence and 
absence of sulphate. Supporting electrolyte 0.02h NaNO,. 
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FIGURE 2. Adsorption of radium on to sllka 1n the presence of carbonate 
(O.OOIM) and EOTA (O.OOIM) Supporting electrolyte 0.02M NaNO-. 
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APPLICATION OF LIQUID SCINTILLATION COUNTING TO THE ASSAY 

OF NATURAL RADIOACTIVITY IN SELECTED SAMPLES 

M 8 Cooper and M Wilks 

Investigations into the application of liquid scintillation counting to 
the analysis of alpha emitting nuclides are continuing. In many cases the 
technique offers certain advantages over the more convential methods due to 
the comparatively simple chemical procedures involved and the higher counting 
efficiencies. Liquid scintillation counting has been exploited in the 
analysis of a diversity of environmental materials, viz., vegetation, soils, 
sediments, uranium mill tailings and mineral sand dusts. Also considerable 
effort has gone into developing suitable procedures for nuclide separation 
with compatible extractive reagents and scintiHants. Depending upon the 
requirements of the analytical program it has been possible die to the 
versatility of the technique to present samples for measurement *n a variety 
of ways; two phase systems, extractive scintillant mixtures and direct 
addition of scintillant to filters. 

Analytical procedures 

opt 
Radium - The procedure for the assay of Ra using a two phase system is 
now well established and the original method (Cooper and Wilks 1981) has since 
been adapted to un-processed water samples and different sci.itillant 
solutions. It has been shown that any commercial scintillant mixture is 
applicable provided the solvent is immiscible with water and if there is a 
large number of samples to be analysed a commercial beta liquid scintillation 
counter is adequate. Currently a method is being developed to enable the 

226 228 simultaneous assay of Ra and Ra. 

Thorium - The low resolution of the liquid scintillation counting system has 
restricted the application of the technique to total isotopic thorium except 

230 232 
1n situations where Th levels greatly exceed those of Th and 
228 

Th, for example, 1n uranium mill samples. In this case the developed 
method has been quite successful although problems arise due to the beta 

238 234 234 emissions from the short-lived decay products of U, Th and Pr, 
when the uranium content of the original sample is high. The procedure is 
straight-forward, provides chemical recoveries of 95 + 2°/ 0 and is not 
operator sensitive. One unsatisfactory aspect has been that prepared sources 
have a life of approximately 3 weeks. Whilst 1t 1s possible to extract the 
thorium 1f a repeat measurement 1s required, work is continuing in an effort 
to produce a more stable system. 
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The three Isotopes of uranium, 2 3 8 U . 2 3 4 U and 2 3 5 U . are only Uranium -

partially resolved in liquid scintillation counting However the method is 
useful for determining the activity of uranium 1n an environmental sample if 

238 234 it 1s assumed that U and U are 1n equilibrium and that the isotopic 
235 abundance of U 1c 4.6*/. of natural uranium by activity. 

Background reduction 

A serious limitation to the application of liquid scintillation counting 
in the determination of alpha-emitting nuclides 1s the relatively high limit 
of detection of the technique when compared with conventional alpha 
spectrometry. In order to achieve a significant reduction in the beta-gamma 
background of our system and to overcome the effect of beta-emitting species 
which may be present In the source we are Investigating the use of pulse shape 
discrimination circuitry 1n our counting system. The current arrangement of 
electronic modules which 1s designed to separate beta/gamma and alpha pulses 
1s shown 1n Figure 1. To date we have achieved satisfactory separation of 
events as displayed by the time analogue spectrum in Figure 2. Further work 
will be necessary to improve this time resolution, to increase the stability 
of the scintillant/sample solution and to simplify the electronic circuitry. 
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FIGURE 1. Schematic arrangement of modules for pulse shape discrimination of 
beta/ga.nma and alpha events in liquid scintillation counting. 
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FIGURE 2. Time analogue spectrum obtained using pulse shape discrimination. 

Dust monitoring 

Another useful application of liquid scintillation counting has been in 
our investigation of the radiological hazards associated with the processing 
of mineral sands (Mason et al 1984). Analysis of dust samples from cascade 
impactors required the development of a simple procedure to measure the 
activity on a large number of filter papers or other substrates. The method 
involved the transfer of a filter containing the dust sample to a liquid 
scintillation vial with a suitable scintillant. This procedure has proved to 
be extremely useful for the measurement of thorium activity 1n dust when used 
in conjunction with a commercial beta liquid scintillation counter. 
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