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: 09 POSSIBILITY OF OBSERVATION OF ULTRAVIOLET RAYS VOLUME BY TLD
- IN CONNECTION WITH FORMATION OF OZONE HOLE

Akira HIRATSUKA* and Yasunori FUKUDA**

ABSTRACT; In order to observe and evaluate easily the ultraviolet rays volume
brought about by the formation of ozone holes, this paper aims at examining a
possibility of observation of the ultraviolet rays volume included in - the sunlight,
using TLD and centering on the relationship between the exposure time and TL
glow peak intensity. The contents are as follows: (1) Both principle of measurement
and dosimeter with respect to wultraviolet rays volume are outlined, and the TLD
used in the present experiment is mentioned. (2) With respect to measurement of
the ultraviolet rays volume, TL glow curves after irradiating ultraviolet rays are
considered. (3) Experimental procedure, result and examination are mentioned, and

possibility of observation of the ultraviolet rays volume is confirmed.

KEY WORDS; wultraviolet rays, TLD(Thermoluminescence dosimeter), ozonosphere (ozone

hole), 1life style

1. Introduction

As one of the global environmental problems, destruction of the ozonosphere
(formation of ozone holes) has recently been noticed internationally. The increase of
the ozone holes brings about the increase of the volume of the ultraviolet rays (UV-
rays) pouring on the surface of the earth. It is said that the increase of the volume
has a bad influence on cells and genes of life, and also becomes a factor which
brings about the increase of cutaneous cancer. Therefore, at present a counterplan
must be taken in a great hurry. ]

In Japan, from April, 1993, the Meteorological Agency is going to observe
seriously the ultraviolet rays volume included in sunlight, using improved obser-
vation apparatus.

If it is possible to observe and evaluate the volume brought about by the
formation of the ozone holes by a simple method, this will become a familiar problem.
Therefore, if citizens can easily use a TLD(Thermoluminescence Dosimeter) as a means
of environmental recognition, this will become one of the big incentives for people

to change their life style.
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In the present paper, in order to observe and evaluate easily the UV-rays volume
brought about by the formation of the ozone holes, we made TLD in pellet by doping
CaF, with the impurities'’?’. And then after exposing the TLD directly to the
sunlight without any filter etc., we tried to measure the TL(Thermoluminescence).
Indeed, we can measure the TL. We report here the possibility of observation of the
UV-rays volume included 1in the sunlight, wusing TLD and centering on the relation-

ship between the exposure time and TL glow peak intensity.

2. Principle of measurement and dosimeter

. R conduction band
with respect to ultraviolet rays volume

In general, radiation is divided into

two kinds of rays, that is, a charged
election trap

particle rays (a, (8 rays etc.) and —/Q/ij7hu
electromagnetic waves (X, ¢y rays). Its ‘

fundamental characteristics is to ionize

materials(ioning radiation). In this pa- X, or \\\\ '7% nole trap
per, in order to examine the relationship UV-ray

between the UV-rays volume and the ozone \EA

holes, we pay attention to X rays(y o——

rays) 1in the radiation mentioned above, valence band

and then take up UV-rays which is longer
. Fig 1. Principle of TL phenomenon,
than X rays in wavelength. At present,
facilities where radiation is used, for
example, nuclear power plants, the film

dosimeter is used for measuring a volume an

for personal dosimetry. One of the do-

unit)

simeters for that purpose 1s the TLD. 30

This time we tried the measurement of
ultraviolet rays using the TLD.
Fig. 1 shows the principle of TL

phenomenon'’ %’ . First, by irradiating
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radiation (X, or UV-rays), 1impurity ions

TL

trap electron or hole, and by the trap

irradiation volume is memorized. And, by ] T00 155 208 24T 5 300 400
recombination of electron(or hole) trap- Temperature (T)
ped by impurities and hole(or electron),
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3. Measurement of ultraviolet rays volume

This time we made the sintered CaF, with Tb ion as impurities, and used it as
a TLD device. Fig. 2 shows an example of glow curve. The area written with a slant
line is in proportion to doses of Tb. The number of the reaction shown by the equa-
tion (1) below where Tb* ion, the luminous center, turns into Tb*  ion by the simu-

lation of UV-rays.
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Tb? <-——=————> Tb"
irradiated

®

The following equation (2) is got by heating Tb*

Tb4 + electron --—-—-— - Tb? *  ——
heated

As 1is seen in Fig. 3 (the relation-
ship between the temperature and TL in-
tensity), after irradiating the UV-rays
(low pressure Hg-lamp) to the sintered
CaF,: Tb, the observed TL glow curve has
a peak which is observed in the vicinity
of 100 { and 175 {.  However, the TL peak
in the low
fade

perature and

temperature side (100 {) may
by such kinds of heat as room tem-
sunlight. Therefore, we
have to be careful about the treatment of
data. .

the other TL peak in the vicinity of 175

Consequently, we need to consider
¢, which i1s not influenced by those kinds
of heat. If we take the TL in the vicin-
ity of 175 ¢
the UV-rays volume. The

the value is propotional to
proper area of
TL glow curve having the peak in the vi-
cinity of l75>t is taken to range from
153 ¢ ~ 242 T for the present. And then
by the radiation of Hg-lamp(13.5 W of low
pressure Hg-lamp), we examined the re-
lationship between the area and UV-rays
volume. As a result, it is confirmed that

this range is appropriate.

4. Experimental
4.1 Experimental method

we tried to expose TLD to the sun-

light directly/indirectly to examine the

influence of UV-rays 1included 1in sun-

light. Therefore, we set up the two
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one, and then tried to measure the UV-
rays volume. Other experimental condi-
tions are: use of no filter, and three
exposure times (0.5, 1.0 & 1.5 hrs).

4.2 Experimental result and examination

In this experiment, we examined a
possibility of observation of UV-rays
volume included in sunlight, wusing TLD
and centering on the relationship between
exposure time and TL glow peak intensity

Fig. 4 shows the TL curve under the
condition of direct exposure to the sun-
light, and Fig. 5 under the condition
of indirect exposure. When 0.5 hr passed
after the start of measurement, the di-
rect rays were a little bit weak, and
the difference between the two experimen-
tal conditions did not appear. When 1.5
hr passed, the large difference was ob-
served between them because the two TLD
devices were fully exposed to the direct
rays.

In the other data, although 0.5 hr
exposure did not give any clear differ-
ence, the differences clearly appeared
when 1.0 hr and 1.5 hr passed. Fig. 6
shows the relationship between the expo-
sure time and irradiation volume of sun-
light. It can be seen from the Fig.6 that
the clear propotional relationship is ob-
tained. And, Fig. 7 shows the relation-
ship between the TL intensity and the ex-
posure time in case of using the Hg-lamp
(13.5 W of low pressure Hg-lamp). In this
figure, the part of straight line is from
5 to 1 5 seconds, and when the exposure
time goes up to over 30 seconds, the
curve shows the saturation condition. As
this phenomenon is also seen in other in-
struments which can measure the UV-rays
volume, the range of temperature for cal-
culating the area of luminous volume is

proper for that.

Exposure time (s)

TL Intensity (arb, unit)-
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5. Conclusion

In order to observe and evaluate easily the UV-rays volume brought about by the

formation of the ozone holes, we tried to examine a possibility of observation of UV-

rays volume included in sunlight, using TLD and centering on the relationship be-

tween exposure time and TL glow peak intensity. As a result, a possibility of the

observation of UV-rays volume can be confirmed. This method has several features,

that 1s, 1) to be able to measure UV-rays at several points at the same time and

2) to carry out the measurement without filter. Therefore, the application is ex-

expected in the future.

Toward the practical use, 1) the influence of the fading, 2) the up of sensitiv-

ity using the other impurities and 3) the guantitative
tion(ex: ““Co.or v rays) which will become a common
will be considered in the near future. If we can decide
as a new environmental index, 1t will be possible for
evaluate the UV-rays volume by way of the comparison of

and that measured by this method.
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