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ABSTRACT 

The effect of ultraviolet and visible (UV/V1S) radiation on the readout 
obtained from the main dosimetry peak of CaSU.rDy in teflon aiscs is 
explained by the net result of three separate factors, namely (i) an inherent 
response, (ii) a phototraiisfer ana (iii) an optical bleaching. Their 
dependence on wavelength, irradiance and radiant exposure has been studied 
using a fluorescent light enclosed in a perspex diffuser and a 200w 
mercury-xenon lamp in conjunction with narrow bandpass filters to isolate 
specific wavelengths. 

Measurements made with the lamp and filters showed that wavelengths 
greater than approximately 405 nm h<»d no observable effect on the readout from 
discs exposed to Ra y-rays in the exposure range 12.9 to 258.0 pC 
kg . Wavelengths less than about 230 nm proauced a markeo increase in 
readout due to the addition of a dominant inherent response whilst in the 
230-405 nm range the readout was reduced by optical bleaching. 

wavelengths less than 300 nm produced a phototransfer in discs which were 
y-irradiated ana then annealed to 266*C prior to illumination, but the 
subsequc.it phototransferred thermoluminescence IPTTL) was insignificant for 
the y-ray exposure range investigated. 

Measurements using radiation from a fluorescent light indicated that the 
inherent response obtained from a previously unirradiated aisc tended towaras 
a saturation value equivalent to .325 uC kg" after approximately 16 hrs 
illumination (radiant exposure 3.22 J cm ). Furthermore, aiscs given a 
226 

Ra y-ray exposure prior to illumination by fluorescent light exhibited a 
decreased readout due to optical bleaching which tendcj to level off after 
about 16 hours to a value which corresponded to about 90*/ of the actual 
y-ray exposure. During the first few hours of illumination both the inherent 
response and optical bleaching are very small in the range of y-ray exposures 
usually encountered in TLD personnel monitoring and consequently no special 
precautions need to be taken to shield the discs from fluorescent light 
sources under normal circumstances. 

http://subsequc.it
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1. INTRODUCTION 
Teflon discs impregnated with CaSO.:Dy are presently being used by the 

Australian Radiation Laboratory lARL) as a personal y-ray dosemeter. The 
characteristics of CaS0.:Dy pertinent to its use as a thermoluminescent 
dosemeter (TLD) have been extensively studied (McKinlay, 1981; Becker, 
1973). In particular, a study by Boas et al. (1981) establishea the criteria 
for its use as a y-ray dosemeter by workers in the uranium mining industry in 
the Northern Territory of Australia. Section 3.12 of their report describea 
the unusual results obtained when ultraviolet (UV) radiation was used to 
illuminate y-irradiated and unirradiated discs. It was found that aiscs first 

1 137 exposed to 129.0 nC kg of * Cs y-rays and then illuminated for 1 hour 
at 200 nm exhibited a thermoluminescent (TL) output corresponding to 258.0 uC 
kg , i.e., an increase of 100°/ . However, a similar experiment at 

• _ i 300 nm resulted in a TL output corresponding to 90.3 uC kg , a decrease of 
30*/ . In addition, a disc which had been annealed but not exposed to 
137 * -1 

Cs y-rays produced a TL output equivalent to 38.7 nC kg following an 
illumination at 200 nm for 1 hour. No estimates of the radiant exposure or 
its rate dependence (irradiance) were provided.* 

It is well known that ultraviolet and visible (UV/VIS) illumination of 
CaS0.:Dy and most other commonly used TLO materials produces the following 
effects: 

(1) an inherent response to UV radiation if the material has not 
previously been exposed to ionizing radiation. The mechanism whereby 
UV radiation can produce TL is thought to be similbr to that 
occurring in y or x-irradiated CaSO.:Dy aiscs since the TL glow 
curves are the sv>e (see Lakshmanan and Bhatt, 1979). The 
possibility of using CaS0.:0y as a practical UV dosemeter has been 
studied by Chanara et al. (1976) and Nagpal (1979). 

(2; an optical bleaching of y or x-irradiatea discs which results in a 
reduction (fading) of the readout obtained. Fading of x-irraaiatea 
CaS0.:Dy powde. upon illumination by sunlight and fluorescent light 
was observed by Yamashita et al. (1971) and is due to an optically 
enhanced ejection of charge carriers from traps associated with the 
main dosimetry peak in the 130-265°C temperature range, 

+ 0.258 MC kg" is equivalent to 1 mk 
* The units associated with UV/VIS illumination used in this report are: 

-2 -2 
irradiance W cm , radiant exposure J cm . 



2 
(3) a phototransfer from occupied to unoccupied traps which may be 

regarded as a consequence of optical bleaching. The procedure used 
to obtain phototransfer in CaS0.:Dy discs is to y or x-irradiate 
the material, anneal to a temperature which empties the main 
dosimetry traps (-270*C) and then illuminate with an appropriate 
wavelength. This produces an optically enhanced ejection of charge 
carriers from traps unaffected by the annealing process into the 
conduction band. Most of these charge carriers recombine, resulting 
in luminescence, but a small fraction may be transferred to traps 
associated with the dosimetry peak and lead to PTTL on subsequent 
heating. This procedure has been used to provide a second reaaout 
from TLO's when the results from the first conventional readout \re 
in doubt (Mason et al., 1977). 

The purpose of the investigation descriDed in this report was to determine 
the relative significance of the above effects on the readout obtained from 
illuminated CaS0.:Dy discs and thus to explain the results obtained by Boas 
et al. (1981). Two types of UV/VIS source have been used. A 200w 
mercury-xenon (Hg-Xe) lamp combined with narrow band pass filter', (bandwidth 
typically 10 nm) was used to determine the influence of specific wavelengths 
on the readout, whilst both the unfiltered 200W lamp and a fluorescent light 
where used to investigate the net effect on the readout of a wide band of 
wavelengths as encountered in the laboratory. The dependence of the TL 
readout on irradiance, radiant exposure, y-exposure and wavelength has been 
established to provide information which could be of benefit to a TLD 
personnel monitoring service. 

2. EXPERIMENTAL 
2.1 Experimental apparatus 

A schematic diagram of the apparatus used to illuminate the discs with a 
particular wavelength is given in Fig. 2.1. The UV/VIS source was an Oriel 
200w Hg-Xe lamp with a distilled water infra-red filter. Illumination 
wavelengths were selected by using an appropriate narrow bandpass filter, the 
details of which are provided in Table 2.1. In Fig. 2.1 the apparatus to the 
right of the Spex monochromator (1670 Minimate, 1200 lines/inch, blazed at 
300 nm) was used to record the spectral distribution from the Hg-Xe lamp and 
from a fluorescent light as well as the spectrum transmitted by each narrow 
band pass filter. The irradiance of the discs above 400 nm was measured using 
a Scientech Inc. Model 36.001 laser power meter. Below 400 nm a Molectron 
PR20 pyroelectric detector and a PR200 radiometer were used. The irradiances 
obtained with each narrow band pass filter are summarised in Table 2.1. 
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o. Or-el 200W Hg-Xe lamp. 
b. infra red filter. 
c. narrow bandpass filter. 
d. CaSO^rDy teflon disc holder. 
e. Spex grating monochromotor. 
f. photomultiplier tube (RCA 4832) 
g. Keithley 616 digital electrometer. 
h. Pacific Precision Instruments high voltage supply 

Figure 2.1 A schematic diagram of the experimental apparatus. 

The discs were obtained from Teleayne Isotopes (USA) and consist of 
30*/ by weight of CaS0.:Dy impregnated into a 12.7 mm diameter by 0.4 • 4 
mm thick teflon disc. They were periodically washed to ensure that the 
readouts were not influenced by surface contamination. Prior to each 
experiment the discs were annealed at 266°C in a furnace and then shock cooled 
by being sandwiched between two copper blocks. All -y-ray exposures were in 

an 
226 

the range 12.9 yC kg to 258.0 pC kg and were carried out on a 
specially designed perspex stand using a '"'""Ra source. Readouts were 
performed on a Pitman Toledo 654 reader using the readout cycle described by 
Boas et al. (1981). 

2.2 Discs illuminated after exposure to 2 2 6 R 3 Y- rays 
Several sets of 30 discs were used for the experiments involving UV/VIS 

illumination after exposure to y radiation. These discs were regularly 
calibrated to provide a relative sensitivity factor which accounted for small 
variations in the sensitivity of each aisc. uuring each experiment the 
following procedure was adopted for each wavelength: 

(i) 5 of the 30 discs were not Y-irradiatea ana thus served as controls 
to monitor the background radiation, 

(ii) after exposure to y radiation at least 4 discs were illuminatea at 
the required wavelength and the remainder (at least 16) were used to 
provide a calibration factor (counts per pC kg" ) to relate the 
readout to the known y-ray exposure. 



(iii) all discs were then read out ana the readouts corrected using the 
appropriate relative sensitivity factor for each disc. The 
calibration factor was then applied to the mean readout from the 
illuminated discs to provide an "indicated" y-ray exposure. 

2.3 Discs illuminated but not y-irradiated 
Several sets of 15 discs were used to investigate the inherent response of 

unirradiated CaS04:Dy to UV/VIS radiation. No relative sensitivity 
correction factors could be obtained for these discs since this would have 
entailed a y-ny exposure. At each wavelength at least 4 discs were 
illuminated and then all discs were read out, the discs not illuminated 
providing control readouts. The mean readout obtained after illumination was 
expressed as an "equivalent" f-ray exposure using an average calibration 
factor obtained from measurements with f-irradiatea discs. 

Table 2.1 
Specifications of the narrow bandpass ana long pass filters. 

Irradiances with the geometry shown in Fig. 2.1 are also provided. 

Narrow bandpass filters 

bandpass Ifwhm) 
(nm) 

Wavelength 
(nm) 

Irradiance 
(pH cm-2) 

210 
250 
300 
350 
404. 
440 
560 

13 
11 
16 
16 
10 
16 
10 

4.4 * 0 
37 ± 4 
164 ± 17 
16 * 2 
161 * 16 
252 * 23 
129 * 13 

Long pass filters 

Oriel l"/o Transmission 50' /. Transmission Irradiance 
Number wavelength (nm) wavel ength (nm) (mW cm- 2) 
5145 275 300 2.b9 
5146 325 345 2.34 
5148 400 425 2.10 
5149 460 475 1.50 
5150 510 540 1.75 
5155 750 780 0.91 
5156 820 850 0.65 
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3. RESULTS AND DISCUSSION 

As a preliminary measurement all discs were given the same Y-ray exposure 
of 258.0 yC kg and were then illuminated for 15 minutes using the Hg-Xe 
lamp and appropriate bandpass filter. The resultant variation of the 
indicated y-ray exposure with wavelength is shown in Fig. 3.1. However, it 
should be noted that the irradiance is also wavelength dependent (Table 2.1). 
Despite the resulting variation of radiant exposure with wavelength the 
results indicate that for wavelengths less than about 230 nm the indicated 
y-ray exposure is greater than the actual -y-ray exposure, between 230 nm and 
405 nm it is less and for wavelengths greater than 405 nm indicated and actual 
Y-ray exposures are the same within the experimental error (1 standard 
deviation). 

3 5 0 

00 

3. 

a. 
= > 
CO 
o 
Q. 
X 
ill 

< o 
o 

3 0 0 

2 5 0 

2 0 0 

J" i i 

2 0 0 300 400 
WAVELENGTH (nm) 

5 0 0 6 0 0 

Figure 3.1 The indicated y-ray exposure as a function of illumination 
wavelength. The actual y exposure (258.0 j.C kg" ) is shown as a clashed line. 

The results presented in Fig. 3.1 are qualitatively similar to those 
described by Boas et al. (1981) ana at each wavelength may be regarded as the 
net effect of an inherent response, a phototransfer ana an optical bleaching. 
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As a first approximation these effects will be considered as being independent 
of each other and therefore the indicated f-ray exposure at a wavelength x may 
be given by; 
indicated ?-ray exposure W i ) = actual y-ray exposure (y^l + inherent 

response + phototransfer - optical bleaching 
(1) 

The components of equation 1 were isolated and their wavelength and 
radiant exposure dependences studiea. 

3.1 The inherent response 
The inherent response contribution to equation 1 may be deduced from 

measurements on unirradiated discs. The equivalent y-ray exposure obtained 
from CaSO.rDy discs as a function of the illumination wavelength is shown in 
Fig. 3.2. These results have been normalised to the same raaiant exposure 

-2 (500 mj cm ) at each wavelength. Above 300 nm no inherent response could 
be detected with the irradiances available in this experiment. For 
wavelengths less than 250 nm the readout increases sharply as the wavelength 
is decreased. Similar results were obtained by Chandra et al. (1976) but 
these authors used a 2.5 kw Xe lamp and were able to measure a small inherent 
response between 300 and 400 nm. 

The results shown in Fig. 3.3 establish that the inherent response at 210 
nm and 250 nm is linearly dependent on the radiant exposure except for a 
slight deviation at low values of radiant exposure at 250 nm. No saturation 

_? was observed for radiant exposures up to 16 * 1.6 mJ cm at 210 nm and _2 200 * 21 mJ cm at 250 nm. These radiant exposures correspond to 
illumination times of 60 and 90 min respectively. 

To determine whether the inherent response was rate (irradiance) 
dependent, a number of discs were given the same raoiant exposure at 250 nm 

_2 but at irradiances of 30 * 4 and 350 * 40 pw cm . The subsequent readouts 
for these discs were not significantly different, indicating that no rate 
dependence occurs within this range of irradiances. In fact this was a 
necessary prerequisite before a normalised curve could be drawn in Fig. 3.1 
since the irrajiances from the lamp do vary markedly with wavelength. The 
rate independence obtained here appears to be in conflict with the 
observations of Nagpal (1979) who found that CaSO,.^ powder exhibited a 
marked dependence on irradiance when illuminated at 254 nm but to a raaiant 
exposure of only 1.32 mJ cm . 
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Figure 3.2 The equivalent y-ray exposure as a function of illumination 
wavelength for unirradiated discs. 
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Figure 3.3 The equivalent y-ny exposure versus radiant exposure at 210 and 
250 nm. 



3 
From the gradients of the graphs in Fig. 3.3 it is possible to specify an 

inherent response coefficient (I ) per radiant exposure. 

i.e. _2 for x = 250 nm, for radiant exposure > 50 mJ ca 

I 2 5 0 = (0.19 * .01) i»C k g - 1 (mJ c m " 2 ) " 1 

for x = 210 ran 

I 2 1 0 = (1.9 * .1) uC k g - 1 (mJ c m " 2 ) " 1 

It is apparent that the increase in the indicated exposure in Fig. 3.1 is 
related to the very strong inherent response at low wavelengths. 

3.2 Phototransferred thermoluminescence (PTTL) 
A study of phototransfer in CaS0.:Dy powder given an exposure of 

4 - 1 1.29 x 10 C kg has been carried out by Nambi and Higashlmura, (1971). 
They established that the wavelength dependence of PTTL is similar to that of 
the inherent response and that it is irradiance independent ar.j proportional 
to the -r-ray exposure and the radiant exposure. 

To investigate the significance of PTTL in the present experiment, several 
discs which haa received a total exposure of 5.68 mC kg" were annealed at 
266*C and then illuminated at 210 nm ana 250 nm for 60 mins. This 

_2 corresponded to radiant exposures of 16.0 * 1.6 m.i cm ana 133 * 14 mJ 
_2 cm respectively. Any PTTL would of course be superimposed on tne inherent 

response, values for which can be subtracted using the inherent response 
coefficients of section 3.1. The readout which could then be ascribed to PTTL 
as a result of the 210 and 250 nm illumination amounted to 6.S ana 2.0 »C 
kg" respectively. No PTTL could be measured with a 300 nm illumination. 
These measurements assume that there is no competition between PTTL ana the 
inherent response in the filling of the available empty traps. 

From the known radiant exposures at each wavelength ana a knowledge of the 
total T-**ay exposure, phototransfer coefficients (P ) per total Y-ray 
exposure per radiant exposure were obtained, namely: 

\ = 210 nm 

P 1 ( } * (6.6*3.3>xl0~ wC kg" U C kg" total Y~ray expf inw cm" 2;" 1 



* = 250 nm 

P 2 5 0 = (2 .7±3.0)X10" 5 MC kg_1(vC kg"1 total Y-ray exp)_1(mJ cm" 2 ) - 1 

x > 300 
P x = ° 

It is apparent that the contribution to the readout arising from PTTL is 
negligible for the range of Y-irradiations used in this investigation. 

3.3. Optical bleaching 
The indicated y-ray exposure obtained from CaS0.:0y discs first 

_i * v-irradiated to 258.0 uC kg and then illuminated prior to readout is shown 
in Fig. 3.4(a) and Fig. 3.4(b) as a function of radiant exposure. A 210 nm 
illumination produced an increase in readout compared with the actual Y-ray 
exposure whilst 250 - 405 nm illjminations resulted in a decrease. 
Measurements at 440 and 560 nm (not shown in Fig. 3.4) gave no apparent 
change. Since it has been shown that phototransfer is negligible under the 
present experimental conditions an optical bleaching coefficient (0 ) at 
each wavelength may be obtained from a simplified version of equation (1), 
i.e., 

For A < 300 nm. 
TIx 'A x x x x A 

where I was determined in Section 3.1 and R is the radiant exposure. 

For x > 300 nm, I is approximately zero and so 
Ylx = Y A " °x * R x ' Y A ( 3 ) 

The assumption that the optical bleaching is proportional to the radiant 
exposure is confirmed by the 300, 350 and 405 nm data in Fig. 3.4(a) and (b). 
The linear dependence on actual y-ray exposure may be deduced from Fig. 3.5 
where Y J / Y A is plotted as a function of the raaiant exposure at 300 nm for 
different y-ray exposures. A similar analysis for 210 nm and 250 nm is shown 
in Fig. 3.6 but Y T / Y A is now plotted as a function of the actual Y-ray 
exposure at a constant radiant exposure. The solid lines in Fig. 3.6 are 
calculated from equation (2) and use the measured values of radiant exposure, 
inherent response coefficients (I ) and optical bleaching coefficients 
(0 x). It is apparent that as Y A decreases, the optical bleaching 
decreases and the inherent response term dominates Yt. 



r 00 

O 
3. 

UJ 
cc 
CO 

o 
£L 
X 
UJ 
Q 
UJ 
»-
< 
O 
Q 

3 1 0 

2 9 0 . 

3 0 0 

RADIANT EXPOSURE <»J cm"') 

Figure 3.4(a) The indicated Y - r ay exposure versus radiant exposure for discs 
-1 exposed to 258.0 pC kg and th.n illuminated by 210, 250 and 350 nm. 

2 8 0 

2 4 0 . 

2 0 0 . 

UJ 
or 
3 
CO 

o 
X 
u 
o 
UJ »- 2 6 0 ' . 
< 
O 

2 2 4 0 

O O n m 

400 800 1200 1600 2 0 0 0 

RADIANT EXPOSURE <mj em-2) 

Figure 3.4(b) The indicated Y -ray exposure versus raaiant exposure for aiscs 
exposed to 258.0 yC k g - 1 ana then illuminated with 300 and 404.7 nm. 



11 

1.0 . 

< 
>• 0 .9 

0 .8 

• 
< \ I 

• 

° 
• 

A 

o 

• 
• o 

• 

A 

0.2 0.4 0.6 0.8 1.0 I.2 

RADIANT EXPOSURE (J cm"2) 

. 4 

Figure 3.5 The ratio of indicated to actual Y-ray exposure versus radiant 
exposure at 300 nm (o) y^ 12.9 uC kg" 1, (A) Y f t 77.4 nC kg" 1, and (•) 
Y A 258.0 WC kg" 1. 

3.0 

_) 2 . 0 
< 3 
»-O 
< 
X 
o 
UJ 

.• 
K 
<t 

1.0 o 1.0 
n z 

210ran 

250nm 

100 200 
EXPOSURE (yC kg-1) 

3 0 0 

Firjure 3.6 The ratio of indicated to actual y-ray exposure versus actual 
Y-ray exposure at 210 nm and 250 nm. The radiant exposures at 210 nm ano 250 
nm are 16 and 133 mJ cm-2 respectively. The curve is a graphical 
representation of equation 2. 



12 
Within the uncertainties involved in obtaining I with uncalibrated 

discs, 0 2 1 0 » 0 since the indicated f-ray exposure appears to be a direct 
superposition of the dominating inherent response and the actual y-ray 
exposure. Only at 250 nm is it obvious that the indicatea y-r&y exposure is 
aetermined by inherent and optical bleaching contributions which are both 
quite large. In Fig. 3.4(a) the 250 nm data is shown to change slope as the 
initial optical bleaching is modified by an increasing inherent response. 
Once the contribution from the inherent response is subtracted at each radiant 
exposure, the graph as shown in Fig. 3.7 is obtained. 

From Fig. 3.4(a), 3.4(b) and Fig. 3.7 0 at each wavelength was 
calculated and is plotted as a function of wavelength in Fig. 3.8. It is 
apparent that wavelengths in the vicinity of 250 nm produce the strongest 
optical bleaching. No explanation can be provided at this stage for what 
appears to be an unexpectedly low value of 0 at 300 nm. This low value 

264 

40 80 120 160 200 240 280 
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Figure 3.7 The indicated y-ray exposure versus radiant exposure at 2bO nm 
after the inherent response contribution has been subtracted. 
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cannot be explained by the low irradiance at 300 nm compared with 350 and 
250 nm (Table 2.1) since measurements incorporating neutral density filters at 
300 nm and with a y-r&y exposure of 258.0 i»C kg indicated that optical 
bleaching is irradiance independent. The latter results are shown in Fig. 3.9. 

3.4 The response due to the Hg-Xe lamp 
3.4.1 unirradiated discs 

Figure 3.10 shows the response of an unirradii eo disc to the total 
spectral output of the Hg-Xe lamp (180-1000 nm, irraoiance 3.22 mW cm *•) as 
a function of radiant exposure. Also shown inset in Fig. 3.10 is the response 
when an Oriel 5148 long pass (LP) filter - see Table 2.1 - is placed between 
the disc and lamp (irradiance 1.75 mW cm ). The inclusion of the LP filter 
caused the response to drop markedly due to the removal of those wavelengths 
less than 300 nm which give rise to a large inherent response. 

3.4.2 ^-irradiated discs 
The curve in Fig. 3.11 shows the variation of the indicated Y-ray exposure 

with radiant exposure due to the unfiltered lamp. The illuminated discs had 
received a i-ray exposure of 258.0 yC kg" . For small radiant exposures the 
indicated Y-ray exposure is reduced by optical bleaching but at about 2.9 J 
cm the inherent response becomes dominant and the curve is now identical 
to that of an unirradiated disc. This behaviour is similar to that describeo 
in Section 3.3 with a 250 nm narrow bandpass filter. Inserting an Oriel LP 
5145 filter between the Y-irradiatec! disc and the lamp removes wavelengths 
producing an inherent response so that optical bleaching now dominates the 
response. 

3.5 The response due to a fluorescent light 
3.5.1 unirradiated discs 

The emission spectrum obtained from a fluorescent light through a perspex 
diffuser is shown in Fig. 3.12 and approximates that of a Hg lamp spectrum 
superimposed on an intense continuous background. Not all fluorescent lights 
incorporate a perspex diffuser and in this case the spectrum is modified as 
shown by the dashed line. 

Most measurements of the inherent response of unirradiated discs subjected 
to illumination from a fluorescent light were performed with the discs on a 
horizonatal surface 0.8 m below the centre of the perspex diffuser. In this 
position the irradiance as measured by the pyroelectric detector was 56.0 pW 
-2 cm . Several measurements were made with the discs 1.8 m below the light _2 (bench top level, irradiance 38.5 yW cm ) and with the discs at bench top 
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The inset shows the response with LP 5145 filter. 
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Figure 3.12 The emission spectrum from a fluorescent light enclosed in a 
perspex diffuser. The dashed line indicates the additional wavelengths 
present when the diffuser is removed. 

level but displaced horizontally about 4 metres from the fluorescent light _2 (irradiance < 2.0 yW cm ). 

Figure 3.13 is a plot of the readout obtained from unirradiated discs as a 
function of illumination time. The response is very small for illumination 
times up to 2 hrs and eventually saturates after about 16 hrs (radiant 

-2 -1 
exposure 3.22 J cm ) at a value which is equivalent to .325 uC kg . 
Fig. 3.13 also rhows data points obtained due to an inherent response with the 
discs at bench top level and at bench top level but horizontally displaced. 
Only in the latter situation is the readout reduced significantly. 

Saturation of the inherent response is the net result of the competing 
inherent and optical bleaching effects. To show this, Oriel LP filter 5150 
was placed between the fluorescent light ano the disc to remove those 
wavelengths responsible for optical bleaching. The results are plotted in 
Fig. 3.13 and it can be seen that the readout now continues to rise as a 
function of radiant exposure. 

The results obtained in Section 3.1 show that an inherent response is 
produced by wavelengths up to 300 nm. However, a significant readout 
equivalent to .40 uC kg-1 was still obtained after a 24 hr illumination with 
Oriel LP 5156 situated between the discs and fluorescent light i.e., for \ > 
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800 nm. To ensure that wavelengths in the visible and ultraviolet were not 
being transmitted, long pass filters 5156 and 5155 were both placed on top of 
4 discs inside a box with blackened sides but resulted in almost the same 
readout after a 24 hr illumination. Discs covered with a black cloth or 
placed inside an ARL TLD badge gave no inherent response thus leading to the 
conclusion that radiation greater than 800 nm must be the cause of the 
readout. Although there is no inherent response to narrow banas (± 10 nm 
fwhm) of UV radiation above about 300 nm, a response due to a wide band source 
persists above 800 nm. This may be attributable to a multi-step excitation 
produced by the different wavelengths present (Nagpal, 1979) but needs to be 
examined in more detail. 

Discs which had undergone many anneal/y-irradiate cycles (total y-ray 
exposure - 5.68 mC kg - ) were also placed in position C.8 m below the 
fluorescent light after being annealed. The readouts obtained were 
indistinguishable from those obtained from unirradiated discs (Fig. 3.13) ana 
again points to a negligible phototransfer at these y-ray exposures with the 
wavelengths and radiant exposures available from the fluorescent light. 

0.8 . 

16 20 24 28 32 36 40 

ILLUMINATION TIME (hrs) 
48 

figure 3.13 The equivalent y-ray exposure versus illumination time with the 
fluorescent light illuminating unirradiated discs: (•) 0.8 m below the 
fluorescent light, (•) 1.8 m below the fluorescent light, (•) 1.8 m below the 
fluorescent light but horizontally displaced by 4 m, (o) 0.8 m below the 
fluorescent light filtered by LP 5150, and (A) discs given a y e' posure/anneal 
prior to illumination at 0.8 m. 
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3.5.2 -r-irradiated discs 

-1 CaSO.:Dy in teflon discs ^-irradiated to 258.0 pC kg and 86.0 wC 
kg~* were placed 0.8 m below the fluorescent light ana read out after 
various illumination times. The results are shown in Fig. 3.14. It is 
apparent that despite an initial rapia decrease in the indicated Y-ray 
exposure, the graph indicates a levelling off after about 16 hrs (3.22 J 
cnf^) at a value which amounts to approximately 90*/ of the actual 
Y-ray exposure. Since discs which had been simultaneously exposed to the y 
radiation but had not been illuminated were also readout at the same time as 
those which had been illuminatea, the decrease in the ratio of inaicatea to 
actual y-ray exposure is not due to the normal fading which will occur at room 
temperature. Measurements made with LP filters 5148 ana 5149 interposed 
between light source ana discs showeo that as wavelengths capable of optical 
bleaching were removed the indicated y-ray exposure tended to the actual y-ray 
exposure, as expected. 

Consequently, although the normal fading at room temperature of a 
y-irradiated disc may have ceased, illumination with appropriate wavelengths 
results in additional emptying at room temperature of traps associated with 
the main dosimetry peak in the 130 - 265°C temperature range. The readout 
obtained from the disc will then correspond to a lower value than the Y-ray 
exposure delivered. 

I .00 

< 0 . 9 5 

C .90 

C.85 

8 12 16 2 0 2 4 28 32 

ILLUMINATION TIME < h I S ) 

Figure 3.14 Tiie ratio of indicatea to actual y-ray exposure versus 
illumination time below the fluorescent light (0.8 m). The discs were exposed 
to 258.0 MC kg" (•) and 77.4 yC kg" (o) prior to illumination. 
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3.6 General discussion of optical bleaching 

The results obtained with f-irraaiatea discs in section 3.5 show that 
optical bleaching by the fluorescent light is due to radiation in the 400-440 
nm wavelength range and it is clear from Fig. 3.14 that the available radiant 
exposures are sufficient to almost empty the accessible traps after about 16 
hours of illumination. However, in Section 3.3, the optical bleaching 
produced by specific wavelengths as a function of radiant exposure does not 
tend to level off. Greater radiant exposures will probably be required for 
this to occur at 250, 300 and 350 nm. Optical bleaching was found to be 
strongest for those wavelengths having the largest energy namely 405 nm 
(3.07 eV), 250 nm (4.97 eV) and so it might be expected that 210 nm (5.92 eV) 
would produce an even stronger fading than 250 nm. However, the measurements 
of Section 3.3 show an increased rather than a decreased readout at 210 nm, 
with an inherent response apparently superimposed on the actual -r-ray 
exposure. It is possible that the optical bleaching and inherent response 
contributions at 210 nm cannot be isolated, as was possible at 250 nm, ano if 
this is the case 0 ? i n as used in Fig. 3.8 should oe regarded as an apparent 
optical bleaching coefficient at this stage. 

Other evidence to support strong optical bleaching at 210 nm is provided 
by the wavelength dependence of phototransfer (see Nambi and Hagashimura, 
1971) where 210 nm is shown to phototransfer more efficiently than 250 nm. 
More useful information on the optical bleaching of CaS0.:0y coulo be 
obtained by an analsysis of the glow curves obtained after illumination with a 
particular wavelength. For example, as the wavelength decreases and the 
associated energy increases, the position of the dosimetry peak should shift 
to progressively higher temperatures. 

4. CONCLUSION 
The observations made by Boas et al. (1981) may be explained by the 

wavelength dependence of an inherent response and an optical bleaching. For 
the radiant exposures available from a 200w Hg-Xe lamp these effects are 
linearly dependent on the radiant exposure ana do not depend on the 
irradiance. below 230 nm the inht.ent response is dominant ano appears to De 
superimposed on any previously delivered f-ray exposure. The 230 - 405 nm 
range is dominated by optical Dleaching effects which result in a decreased 
readout proportional to the actual y-ray exposure. For wavelengths greater 
than 405 nm the inherent response ano optical bleaching produce no measurable 
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effect on the readout. Phototransfer was shown to be negligible for the y-r&y 
exposures usually considereo in TLD personnel monitoring. 

For the more usual situation where discs are illuminated by fluorescent 
lights it has been shown that with unirradiated discs, a combination of 
optical bleaching and an inherent response results in a constant readout 
equivalent to .325 uC kg for illuminations greater than 16 hrs (radiant 
exposure 3.22 J cm"'). A puzzling result was that a 24 hr illumination of 
unirradiated discs with light of x > 800 nm also produced a significant 
readout (equivalent to .40 pC kg - 1) although discs completely shielded from 
the light gave no response. 

In the case of Y-irradiated discs illuminated by fluorescent light, a 
constant readout was approached for illumination times greater than about 
16 hrs and this value amounted to approximately 90*/ of the actual Y-ray 
exposure. The effect inaucea by light in both Y-irradiated and unirradiated 
discs is very small during the first few hours of illumination so no special 
precautions need to be taken by a TLD personnel monitoring service provided 
i)ng illumination times close to a fluorescent light are avoided. However, it 
should be pointed out that the measurements described here were made with a 
fluorescent light enclosed in a perspex diffuser. With no diffuser in place, 
the additional wavelength component at ~ 370 nm will produce a stronger 
optical bleaching effect. 
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