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PREFACE

Thank you for using Panasonic TLD badges. Hundreds

of thousand of TLD badges are used at the present around
the world. So far we have received about a several in-
quiries asking us to seek the cause of abnormal measure-
ments largely different from expected values.

On May 29, 1985, the USNRC issued an Information Notice
under the title of "Loose Phosphor in the Element of

TLD Badge of Panasonic 800 Series" to the American users.

As a result of investigation of users at several locations,
the Notice says that there is a possibility of occurrence

of abnormal value due to emission of the loose phosphor

as it gets into thé_heating area, at an incidence of

one case is about 30,000 badges. The cause of abnormal
value is not definitely determined to be the loose phosphor,
but it may be considered as one of the causes, according '
to the USNRC.

Accordingly, we have prepared a guide note for the customers
of Panasonic TLD badges as a reference in case any abnormal

value occurs.



Possible Causes of Spurious Readings

Generally, causes may be attributable to either the TLD badée

or the reader.

I. Causes in TLD badge-

1. Sweat or soap water getting into the element.
2. Flammable dust sticking to the inside or outside of
~element.
3. History of large exposure.
4, Large impact.
5. Loose phosphor to be free to move within the
element.
6. Contamination by Radio-Isotopes.
7; Exposure to highly reactive chemical substance
{(e.g. hydrogen sulfide).
8. Removal of plate (in which the element is placed) from
the TLD badge and exposure to welding arc or sunlight.
9. Large self-radiocactivity of shielding materials of lead,

tin, cadmium, etc.

II. Causes in the reader

1. Deterioration of photomultiplier tube, and increase of

dark count.
2, Entry of large noise from the power source line.

3. Deterioration or trouble of circuit parts.

Phenomena of spurious readings due to these cases are explained

below.



Phenomena of Spurious Readings

A. Causes in TLD badge

1. Sweat or soap water getting intoc the element:
Hard to lower to zero if measured repeatedly.
Occasionally indicating tens to hundreds of mR.
The glow curve often tends to trail to the high tempera-
ture side.
2. Plammable dust sticking to the inside or ocutside of
" element:
If measured repeatedly, with indications of several to
tens of mR, due to burning, the indication may return
te zero in certain cases, or may remain at several mR
in others. The sign of burning may be often found when
the element is closely observed.
3. History of large exposure:
If exposed to hundreds to thousands of R, the indication
may remain tens to hundreds of mR when annealed several
times. '
In the glow curve, a large glow will be found in post-
heating {heating by the third pulse}.
4., Large impact (such as drop from elevated place):
The indication may be several to tens of mR. It is
generated by calcium sulfate, but not by lithium borate.
In the glow curve, the ratio of height of pre-, main
and postheatings is often different from the gamma ray
exposure curve.
5. Loose phosphor to be free to move within the
element:
The loose phosphor grains accumulate part of the
dose being present at a location not heated during measure-
ment, and then move to heated place after measurement
to emit an intense light.
It may occur when more than 50 or 60 particles of phosphor
are removed,
Generally, the residual dose is hard to lower, and it is

unstable.



It can be observed microsceopically.

Contamination by radioisotopes

If approximately saﬁe indications dre given when
measured every several hours or every several days,

this possibility is large.

Contamination should be checked for by other instrument.
Exposure to highly reactive chemical substance

When exposed to 1 ppm hydrogen sulfide for 10 minutes
by removing the Teflon cap of the element, the lithium

" borate indicates about 1 to 10 R. Same with lithium

fluoride, the calcium sulfate indicates about several
to tens of mR.

When using in sﬁch an atmosphere, put the badge into

an enclosed aluminum laminate plastic bag.

Removal of plate (in which the element is placed) from
the TLD badge and exposure to welding arc¢ or sunlight;
Depending on the intensity of ultraviolet rays, when
exposed to the arc for 30 minutes at a distance of 40cn
by TIG welding machine, the indication becomes about
hundreds of R by lithisum borate, and several R by
calcium sulfate. When exposed to sunlight for 30 seconds,
the indication is about 10 to 20 mR by lithium borate
and about 1 mR by calcium sulfate.

Anyway, no change occurs if exposed with the plate put
in the holder. '

Large self-radiocactivity of shielding materials of lead,
tin, cadmium, etc.

In the case of lead, if 2!%b is contained much, the
element accumulates the dose immediately beneath the
lead shield by

210pp ., 21%Bi___ beta rays of 1.16 MeV are emitted.
In general lead materials, there is a growing tendency
of becoming 5 to 12 mR in 30 days (contribution by lead).
At the factory, all metal materials and plastic materials
used in the TLD badges are measured of the self-radicac-
tivity before use.



B. Causes in the reader

1. Deterioration of photomultiplier tubke, and .increase of
dark count:
If the dark count increases due to deterioration, it
may increase continuously or increase at random for one
or several seconds. It occurs regardless of the element
number.
In the glow curve, pulse noises may be sometimes ob-
served. This indication by this cause is about tens
of mR to 1,000 mR.

2. Entry of large noise (over 1,500 V) from the power
source line:
The same phenomenon as above appears..

3. Deterioration or trouble of circuit parts.

The same phenomenon as above appears.

Locations possibly considered as causes of spurious readings
are somewhere between the photomultiplier and the counter
circuit, and if no abnormality is found in the TLD badge, it
is necessary to check the photomultiplier and printed circuit

hoards of the integration circuit line.



Actual Examples of Spurious Readings

1. When the cause lies in the TLD badge

a. When sweat or liquid soap gets into the element

Examples of LiBO element are shown below.

(1) When sweat gets in with the cover cap removed

Read value
EL E2
lst measurement 137 mRr 98 mR
10th measurement 13.5 8.8
22nd measurement 4.1 4.3
(See Fig. 1.)

(2) When ligquid soap gets in with the cover cap removed

Read value
El E2
lst measurement 980 mR 900 mR
10th measurement 178 . 122
22nd measurement’ 35 13.8

{See Fig. 2.)

When sweat or liquid soap gets into the element,
reading of 100 to several hundred mR may occur.
When annealed repeatedly later, the residual dose
may drop to about 1/10 after 10 anneals and about
1/20 after 20 anneals, which means that the

residual dose decreases very hardly.



The effect of sweat varies with each person and
volume, and the influence of liquid soap also-
differs with thé kind of soap. If the cover cap
is put on, when the element is dipped in sweat or
liquid soap for a long time, it may get into to
cause an abnormal value.

Glow curves of elements in which liquid soap get
are shown in Fig. 3. In the case of liguid soap,
it is characteristic that there is no glow of
preheating while a large glow appears at the high

temperature side.
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2.

3.

When flammable foreign matter gets into the element

If there is flammable foreign matter, it is burnt

during measurement, and its light is counted to

cause an abnormal

value.

Flammable foreign Cotten waste Piece of Noryl
mattexr resin

lst anneal 67.6 mR 13.8 mR
2nd anneal 3.0 10.3

Noryl resin of plate material is softened when heated

and emits light, but it does not burn. Noryl will

not get inside, but the elements are assembled in a

clean room so that dust or other foreign matter may

not get inside during manufacturing process.

When there is a history of large exposure

An element exposed to irradiation of several tens

to several hundreds of R is hard to lower in the

residual dose if annealed repeatedly. (The residual

doge after measurement is less than 1%.)

20 R exposure; annealing after measurement

E3 E4

El E2

‘LiBO LiBO CaS0y CasOu
lst anneal | 380 mR | 134 mR | 46.4 mR| 76.2 mR
2nd anneal 35.9 11.8 30.2 18.7
3rd anneal 18.4 5.7 28 .4 17.2




500 R exposure; annealing after measurement

El E2 E3 E4 .

LiBC LiBO CasSou CaSOk
lst anneal 133 mr | 112 mR | 1820 mR | 2040 mR
2nd anneal 77.4 7L.2 1290 1490
3rd anneal 49.7 45.2 418 699

It is essential to use separately as an element

for high dose and an element for low dose.

4. When a large impact is given (in the case of CaS0y)
With the TILD badge put in a hanger, when it is
dropped on a concrete floor from a height ef 1.5 m,
reading may indicate several mR about once in every
several tens of times. |
A glow curve of triboluminescence by drop impact is
shown in Fig. 4. Generally, the pre/main values of

glow curve right after drop impact are greater than

those of usual exposure measurement.

5. When the fixed phosphor grains are detached and are
movable within the element

This case was reported in IN85-42 by the NRC. The

incidence is about one case in every 30,000 badges.

The following two possibilities are considered as

the cause of detaching of the fluorescent grains.

- 12 =
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(1} When the excess phosphor material is not removed
in the manufacturing process, and is left over in

the element of a completed badge.

(2) When the TLD badge is wetted or absorbs moisture
during use, and is directly used in measurement and
phosphor grain are detached dﬁe to rapid

_heating.

Possibility of (1) is not considered because all
products are shipped after strict inspection at the
shop, but two inspection processes have been added
to the present system for safety precaution. As for
possibility of (2), it actually occurred at a user
although its reproduction experiment has not been
successful yet.

The reproduction experiment of the process of
occurrence of abnormal value mentioned in the IN85-42
has not been succeeded yet.

Accordingly, the following ekperiment was conducted.
Phosphor grains were preliminarily exposed to
gamma-rays, and put in the element and tested. The
results are shown in Figs. 5 to 7. The reaaing was
less than 1/10 of the measured value expected from
the exposure dose. This seems because the heating

was insufficient because the irradiated phosphor

- 14 -



grains were not fixed to the base tape. When
annealing was repeated, the decline of residual dose
was slow. An element with detached fluorescent

grains will be easily recognized by microscope.

When contaminated by radioisotopes
If this possibility is predicted, it is necessary to
'analyze by means of a different instrument, same as

in the case of analysis of ordinary pollutants.

- 15 -
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7. When exposed to a highly reactive chemical substance
At the time of periodic inspection of condenser of
generator, hydrogen sulfide gas is generated, which
may affect the TLD badge. Accordingly, effects of
hydrogen sulfide and other gases were studied. As
a result, the LiBO was seriously affected, but the
CaS0, was hardly influenced. The results are shown
in Table 1. Glow curves are given in Fig. 8.
Considerably different from ordinary glow curves,
there was no pre-value, and the curve rose sharply
in the midst of main heating.

To protect from hydrogen sulfide, it is recommended
to seal by heating by putting into an aluminum
laminate polyethylene film bag.

The TILD badge is not influenced by S0:, NO:, NH; or

Ha.

8. Effects of welding arc, suhlight
The element is used as it ig put in the holder, and
it is free of effect in this state. By drawing out
the element from the holder, it was exposed to intense

ultraviolet rays, and the effect was studied.



