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Thermoluminescence Analysis for Detection of Irradiated
Food—Luminescence Characteristics of Minerals for
Different Types of Radiation and Radiation Doses
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Thermoluminescence analysis is used to detect radiation processing of foods which are contaminated with sand or dust. Silicate minerals
are isolated, their radiation-induced luminescence is measured and compared to the thermoluminescence from a second measurement
after exposure to a defined radiation dose (normalization). In the present study, the mineral mixture ‘sand’ and its main components
Seldspar and quartz were investigated for their thermoluminescence behaviour using different types of radiation, in order to determine
adequate radiation sources for the purpose of normalization. The material was irradiated with types of ionizing radiation commonly used
for commercial food irradiation, i.e. accelerated electrons with beam energies of 5 MeV as well as 10 MeV, and *Co-y-rays. After
thermoluminescence measurements, samples were re-irradiated using either accelerated electrons with beam energies of 2 MeV, 5 MeV
or 10 MeV, or ®Co-y-rays, *°Sr-B-rays or ultraviolet rays (200-280 nm). Evaluation of the first and corresponding second glow curve
revealed that their shapes depend on the type of minerals in the mixture. The second radiation treatment (normalization) is satisfactory
when accelerated electrons (2, 5 and 10 MeV) as well as **Co-y-rays and *°Sr-B-rays are employed. Normalization with ultraviolet rays,

however, has only a limited range of use.
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Introduction

Treatment of food with ionizing energy—food irradia-
tion—is a preservation process which contributes to
prolong shelf-life and to reduce health hazards caused by
pathogenic micro-organisms (1, 2). In 1980, a Joint
FAO/IAEA/WHO Expert Committee concluded that
food irradiation is safe up to an overall average radiation
dose of 10 kGy (3). A Joint FAO/IAEA/WHO Study
Group confirmed this finding again in 1997 and con-
cluded that foods treated with doses even greater than 10
kGy can be considered safe and nutritionally adequate
when produced under established Good Manufacturing
Practice (4). At present, this preservation technique is

. permitted for various food products in more than 40

countries (5). However, in several other countries, bans

or no regulations prevail, i.e. there is no uniform legisla-
tion (6). A harmonized regulation for the irradiation of
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herbs and spices in the European Union shall come into
force in the Member States only in September 2000 (7).
Labelling is deemed necessary in order to ensure the
freedom of choice for consumers (8). In 1988, at the
international conference “The Acceptance, Control of and
Trade in Irradiated Food’, it was recommended that the
compliance with labelling regulations should be checked
directly in the food. That meant that existing analytical
detection methods of radiation treatment had to be im-
proved and new methods developed (9).
Thermoluminescence (TL) analysis is one of such identi-
fication methods. It is based on the physical changes in
minerals (from sand and dust) which are concomitant to
many food products. Silicate minerals are able to store
the energy imparted by radiation. Heat stimulation re-
leases some of this stored energy in the form of light.
A thermoluminescence reader measures the amount of
light which is emitted during controlled heating (10).
Luminescence was discovered by Sir Robert Boyle in
1663, who noted a kind of ‘glimmering light’ from a
diamond by ‘taking it to bed with me, and holding it
a good while upon a warm part of my naked body’ (11).
This phenomenon was naturally induced luminescence
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caused by exposure of the diamond to natural radiation.
In 1895, Wiedemann and Schmidt observed artificially
induced luminescence produced by cathode rays in
a large number of substances, e.g. alkali halides, by heat-
ing; they called it ‘thermoluminescence’{12). Over the last
fifty years, thermoluminescence (TL) has developed into
a powerful methodology with many different application
fields such as: a) radiation dosimetry, including clinical
applications, e.g. therapeutical treatment of cancer pa-
tients; b) age determination in archaeology and geology;
c) mineral prospecting, e.g. for uranium sources; d) study
of meteorites and lunar material; e) solid-state defect
structure analysis and f) other applications (11, 13-17).
An early application of thermoluminescence related to
food was described by Chadwick and Oosterheert in
1967, who measured the thermoluminescence of tomato
seeds irradiated at liquid nitrogen temperature with X-
rays at 0.05-1.0 kGy (18). To use thermoluminescence as
a detection means for irradiated food was first proposed
by Heide and Bogl in 1984. They suggested detecting the
radiation treatment of spices and herbs by investigating
whole samples: a few mg of spices were heated in a com-
mercial TL reader—usually employed for dosimetry
—and the light emission recorded as a function of in-
creasing temperature of the spice sample (19). This led to
the idea that spices and herbs themselves may exhibit
thermoluminescence. In some interlaboratory studies
(20-22), large inter-sample variations were observed,
however. In 1989, Sanderson et al. reported that the
origins of luminescence are contaminating minerals (sand
and dust) in the spice samples. Thereupon, the mineral
.grains were isolated for TL analysis. The detection of
xradiation treatment was improved by normalization, ie.
re-irradiation of the minerals (23, 24). This second ir-
radiation of the isolated mineral grains fixed on a stain-
less steel disc for TL measurement allows for differences
in mineral composition—e.g. feldspar and quartz—and
the different mineral weights. The first and second glow
curves are compared and the ratio of integrated TL
intensities of Glow 1 to Glow 2, evaluated over a defined
temperature interval is calculated. This TL glow ratio,
thus obtained, is used to indicate radiation treatment of
the food, since the population of irradiated samples in
principle yields higher TL glow ratios than that of non-
irradiated samples. Glow shape parameters offer addi-
tional evidence for identifying irradiated foods. After
these modifications, the method was extended to other
food items carrying concomitant minerals, e.g. potatoes
(25), strawberries and mushrooms (26, 27), onions,
mangoes and papayas (27) as well as shellfish (25-29).
Successful interlaboratory tests with herbs and spices as
well as their mixtures (30-32) and shrimps (33, 34) led to
the adoption of the method for these food items as
a European Standard in 1996 (10), and nowadays it is
used routinely in food control laboratories. However, to
some of these laboratories the normalization step pres-
ents problems, because they do not have suitable facilities
for the second, normalizing irradiation. They have to
send their discs with isolated silicate minerals to other
facilities in the region. This shipment may lead to loss of
minerals from the discs and may cost much time.

The aim of the present study was to find adequate re-
irradiation sources which could be used in food control
laboratories, preferably without complicated licensing
problems. For this purpose, both a mineral mixture and
its main components, feldspar and quartz, were invesEi-
gated to estimate the different luminescence character-
istics appearing after different types of radiation.

Materials and Methods

Preparation of samples

Mineral mixtures with a high proportion of feldspar
often stick to the surface of vegetable foods, whereas
mineral mixtures with a high proportion of quartz fre-
quently appear in seafood (35). ‘Pure’ feldspar and
quartz, as well as a mineral mixture, were therefore
studied. [It should be kept in mind, however, that thermo-
luminescence is an extremely sensitive method, and that
even the purest materials—as tested by chemical analy-
sis—are ‘impure’ from the point of view of thermo-
luminescence (11).]

The pure minerals ‘potassium feldspar’ from Amberger
Kaolinwerk GmbH & Co KG Hirschberg, and ‘quartz’
(fine granular, washed and calcined GR for analysis) from
Merck Darmstadt, as well as a mineral mixture ‘sand’
from soil at Eggenstein-Leopoldshafen (from the
Research Centre Karlsruhe) were analysed. For the
preparation of mineral samples, all glassware and other
materials were cleaned, in order to remove dust and
adhering particles.

‘Potassium feldspar’ and ‘sand’, suspended in distilled
water, were filtered through nylon sieve cloth of 125 pm,
‘quartz’ through one of 250 um in pore size. Further
preparation (e.g. removal of possible organic components
by density separation) and fixation of the minerals on the
discs for TL measurements was carried out according to
EN 1788: 1996 (10). The amount of minerals taken for TL
measurements varied between 0.4 and 4.0 mg depending
upon the sensitivity of materials and the radiation dose.
Since a rather large range of doses was investigated, this
variation was necessary in order to achieve enough TL
response, and on the other hand in order to avoid satura-
tion of the photomultiplier. At least three parallel discs
were prepared for each type of radiation and each dose.

First irvadiation and first TL measurement

The pure minerals ‘potassium feldspar’ and ‘quartz’, as
well as the mineral mixture ‘sand’, were exposed to sev-
eral types of radiation used in food irradiation, e.g. accel-
erated electrons of 5 MeV or 10 MeV, both generated by
a linear accelerator, model CIRCE III (Thomson-CSF
Linac, St. Aubin. France), at the Federal Research Centre
for Nutrition Karlsruhe (dose rate for both beam ener-
gies in the pulse 107 Gy/s, average dose rate 2 x 10*
Gy/s), as well as °°Co-y-rays (two photon quants 1.17
and 1.33 MeV) from a Gammacell 220 (Nordion, Cana-
da) at the Research Centre Karlsruhe (dose rate
6.78 x 1072 Gy/s). The applied radiation doses were 0.2
kGy ( + 5%) corresponding to the lower dose range in




food irradiation, and 5.0 kGy ( £+ 10%) corresponding to
the medium range. Doses were always checked by means
of GAFchromic film dosimeters, International Speciality
Products, Wayne, USA (36). After radiation treatment,
the samples were stored overnight in a laboratory oven at
50 °C which simulates normal fading of the TL signal. TL
measurements were carried out by using an ELSEC
model 7185 TL reader (Littlemore, Oxford, UK) at
a heating rate of 6 °C/s and a final temperature of 500 °C.
The heating chamber of the TL reader was flushed with
pure nitrogen (99.996%) for cooling and to avoid non-
specific signals caused by organic contaminants burning.
The system was calibrated using a 14C light source.
“The sample was first heated automatically by the TL
reader to record the TL glow and then, after cooling,
was heated again to record the black-body radiation
background. This background emission was subtracted
from the first glow, and the resulting net-glow curve was
recorded and stored. Non-irradiated identical controls
were also measured. The depicted TL curves are typical
examples of the various treatments which were shown to
be reproducible. Peak positions varied usually only
about 5% or less.

Normalization

The first glow curve was compared to a second curve
" obtained after a re-irradiation step to eliminate the effects
of different composition and/or weight of minerals de-
posited on the disc. For this purpose, six different types of
radiation were used, four conventional sources: 1) 2 MeV
accelerated electrons (average dose rate 260 Gy/s), gener-
ated by a Van de Graaff accelerator (Vivirad-High Volt-
age Co., Handschuhheim, France) of the research centre
‘AERIAL’ in Strasbourg; 2) and 3) 5 MeV or 10 MeV
accelerated electrons both generated by the linear accel-
erator at the Federal Research Centre for Nutrition Kar-
Isruhe; 4) ®°Co-y-rays from the Gammacell 220 at the
Research Centre Karlsruhe; and two alternative radi-
ation sources: 5) f-rays from a °°Sr/°°Y-source (0.546
MeV for °°Sr, 2.274 MeV for °°Y, dose rate 3.53 x 10~ ¢
Gy/s, about 1.15 GBq, Amersham Buchler GmbH & Co
KG, Braunschweig, Germany) at the Research Centre
Karlsruhe; 6) ultraviolet rays from a lamp (1000 W,
200-280 nm, Dr. Grébel UV-Elektronik GmbH,
Ettlingen, Germany) whose illumination was adjusted to
0.5 J/cm?. A sensor registered the dose.

Samples irradiated at 0.2 kGy were re-irradiated at 0.25
kGy ( £ 5%), whereas samples irradiated at 5.0 kGy were
re-irradiated at 1.0 kGy ( & 10%). Some samples were
treated by ultraviolet rays at a dose of 0.5 J/cm?, regard-
less of the first radiation dose. This re-irradiation dose
was chosen after investigations by the official food con-
trol laboratory in Karlsruhe had shown that it produced
a maximum TL signal (37). The non-irradiated controls
were also treated by the different types of radiation and
established radiation doses.

After re-irradiation, samples were stored overnight at
50 °Cin a laboratory oven before the second glow curve
was recorded by the TL reader under the same measure-
ment conditions used for the first glow curve.

Results

There are two important criteria for the identification of
irradiated food items:

1. The first one is the shape and the position of the
resulting glow curve. Minerals of non-irradiated sam-
ples produce low intensity glow curves in the high
temperature region. These minerals have been ex-
posed to low level natural radioactivity; fading at
ambient temperatures over prolonged periods has led
to empty low energy traps whereas the deep traps of
about 300 °C and above remain preserved (10, 25, 38).
Typical glow curves of minerals from irradiated food
products show maxima between 150 °C and 300 °C
and a much higher intensity.

2. The second criterion is the TL glow ratio which is
evaluated over a certain recommended temperature
interval. The integrals of Glow 1 and Glow 2 TL
intensities are calculated over this temperature inter-
val, and the ratio Glow 1/Glow 2 yields the TL glow
ratio. According to EN 1788 (10), the TL ratio from
irradiated samples is typically greater than 0.5, where-
as that from non-irradiated samples is generally below
0.1.If TL glow ratios between 0.1 and 0.5 are obtained,
the shape of the glow curve needs to be taken into
consideration.

‘Potassium feldspar’

Non-irradiated samples, i.e. samples naturally irradiated
from the environment only showing the archaeological
background dose, exhibited a TL signal of maximum
intensity at a glow temperature of about 270 °C (Fig. 1,
Glow 1,404 ). It should be recognized that the given
temperatures are not calibrated values but reflect the
conditions in the TL reader used. These conditions are
characterized by measurement of lithium fluoride (LiF,
TLD-100) which in our TL reader results in a temper-
ature of 259 °C for peak V and 311 °C for peak VI (see
also ref. 10). This non-irradiated ‘feldspar’ glow curve is
characterized by a regular ascent and descent. These
samples already produced rather high levels of signal
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Fig. 1 TL glow curves of potassium feldspar, low dose irradia-
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intensity. Irradiation of these samples for normalization
led to glow curves with an intensity maximum at about
200 °C (Fig. 1, Glow 2) independent of radiation dose.
The shape of these second glow curves were independent
of the type of radiation and radiation dose. The different
position of the maxima in the first and second glow
curves allowed a definite judgement of these samples as
having been originally non-irradiated.
Samples irradiated with the lower radiation dose (0.2
kGy) first (Fig. 1, Glow 1;,;) produced glow curves more
influenced by the original natural radiation than by the
artificially generated one. Identical glow curves were
obtained for 10 MeV and 5 MeV electrons, and ®°Co-y-
rays. The glow curve maximum had shifted slightly to the
lower temperature region by approximately 10 °C. The
ascent of this curve was steep but convex, whereas the
descent was less steep. The shape of the curve is imagin-
able by super-positioning of Glow 1,,,.;.. and Glow 2.
After re-irradiation of the low-dose irradiated sample by
a second radiation dose of 0.25 kGy, the glow curve is
identical to the second glow curve of the non-irradiated
sample (Fig. 1, Glow 2). The clear difference between the
first and the second glow curve rendered a decision about
a previous radiation treatment rather difficult. In this
case, a very careful interpretation of the glow curves is
needed.
When ‘potassium feldspar’ was irradiated at a medium
dose of 5.0 kGy, the superposition with the ‘archaeologi-
cal’ glow curve is no longer predominant (Fig. 2, Glow
li.)- Independent of the type of first irradiation treat-
ment, either accelerated electrons or %°Co-y-rays, the
curve showed a peak at a temperature of ~ 200 °C, and
wo smaller peaks on the trailing shoulder of the curve.
lease note that the quantity of irradiated feldspar was
much less than in Fig. 1, otherwise saturation of the
photomultiplier would have occurred. Since no linearity
in TL intensity was observed, neither in dose response
nor in mass dependency, comparison of TL intensities for
different radiation doses with different amounts of min-
erals is difficult. The glow curves after the re-irradiation
treatment with 1.0 kGy (Fig. 2, Glow 2) had a shape

identical to that of the glow curves generated by the
lower normalization dose of 0.25 kGy (cf. Fig. 1, Glow 2)
and similar to that of the curves obtained after the first
irradiation. The main peak of these curves was also found
at about 200 °C, thus allowing easy identification.
Although glow curves after UV treatment for normali2-
ation were similar in position and shape to the glow
curves generated by other types of radiation, they had
a much lower intensity (Fig. 2, Glow 2yvy). To take these
lower intensities into account, conversion factors ( ~ 100
and ~ 250, depending on the first radiation dose) were
necessary for a comparison. In principle, UV irradiation
proved suitable for & normalization treatment.

Mineral mixture ‘sand’

Examination of all glow curves indicated that their
shapes did not depend on the type of radiation used in
this experiment. The curves of non-irradiated ‘sand’ sam-
ples, i.e. naturally irradiated samples, had their highest
intensity in the temperature region of 290-350 °C (Fig. 3,
Glow 1,00.irr.)- Irradiation of these non-irradiated sam-
ples produced glow curves with an intensity maximum at
about 200 °C (Fig. 3, Glow 2). These curves had a steep
ascent and a less steep descent. The differences between
the first and the second curve showed clearly that the
samples had not been irradiated.

Irradiation of the ‘sand’ samples with the lower radiation
dose of 0.2 kGy produced glow curves little influenced by
original natural radiation exposure (Fig. 3, Glow 1;.).
The form of the descending part of the curve indicated
this slight influence of natural radiation. The curve max-
imum was again at about 200 °C, thus the peak had
shifted significantly to a lower temperature region in
comparison with non-irradiated samples. Re-irradiation
of these low-dose irradiated samples resulted in second
glow curves (Fig. 3, Glow 2) comparable to the first ones.
However, the descending part in the temperature range
of 200-300 °C was steeper. A comparison of the first and
the second glow curve made it clear that the samples had
been irradiated.
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Fig. 2 TL glow curves of potassium feldspar, medium dose irradiation. —Glow 1;,: 5 MeV electrons, 5.0 kGy; ----~ Glow 2:
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When ‘sand’ samples were irradiated at a medium dose of
5.0 kGy, natural radiation exposure did no longer influ-
ence the shape of the glow curve (Fig. 4, Glow 1, ). The
maximum TL intensity was at about 200 °C, i.e. the peak
had again shifted to the lower temperature region as
compared to the naturally irradiated sample. The glow
curves produced by a 1.0 kGy normalization dose (Fig. 4,
Glow 2) were in the same temperature region and had the

,same shape as the curves obtained after the first radiation

treatment; its shape was essentially identical to Glow 2
obtained at lower dose (cf. Fig. 3, Glow 2). The peak
maximum was again at about 200 °C and, therefore, due
to the sam¢ peak position in the first and second glow
curve, a definite identification of the samples as having
been irradiated was possible.

Re-irradiation of the ‘sand’ samples by ultraviolet rays
resulted in glow curves which—similar to those induced
by other types of re-irradiation—started to ascend up to
a maximum at about 200 °C (Fig. 4, Glow 2yv). However,
having reached a maximum, they formed a marked pla-
teau and the TL intensity was several orders of magni-
tude lower than that of the glow curves of ‘sand’ obtained
from other radiation sources. A quantitative comparison

with other glow curves of ‘sand’ required therefore con-
version factors ( ~ 100 and ~ 250).

‘Quartz’

Glow curves of non-irradiated ‘quartz’ exhibited only
background signals, because the Merck quartz natural
signals had already been annihilated by a rigorous heat
treatment (1080 °C for 20-30 min). The glow curves ob-
tained after the first radiation treatment had different
shapes, depending on the different types of radiation
(Figs. 5-8, Glow 1). These differences in shape were
affected by the radiation dose. At the lower dose (0.2
kGy) glow curves with three to four peaks were obtained
(Fig. 5, Glow 1,,mma Glow L jccirons) Which seemed to not
differ in shape for various radiation sources. But TL
intensity differed for the various types of radiation at
equal doses. The glow curves induced by ®°Co-y-rays
(Fig. 5, Glow 1,,nm,) exhibited a higher TL intensity than
those obtained from accelerated electrons (Fig. 5, Glow
1ejectrons)- It should be noted, however, that the TL sensi-
tivity of ‘quartz’ was much lower than that of ‘feldspar’.
This observation is in agreement with other authors (16,
25, 39). Re-irradiation of samples first irradiated at the
lower radiation dose produced glow curves whose shape
was practically independent of the type of radiation used.
These glow curves showed again three to four overlap-
ping peaks (Fig. 6, Glow 2), of which the first was the
most dominant, and in addition Glow 2 exhibited much
higher intensity than the corresponding Glow 1. This
effect may be attributed to a sensitisation of the quartz by
irradiation and/or subsequent heating for reading the TL
signal (11, 39-41).

The situation was different when a medium dose of 5.0
kGy was applied. With accelerated electrons, glow curves
with three peaks of different intensity were obtained, the
third of which was the highest (Fig. 7, Glow 1ccirons)-
Glow curves induced by °°Co-y-rays were characterized
by a relatively small peak at about 200 °C and a domina-
ting peak at about 390 °C (Fig. 8, Glow 1,,mm,). The last
peak always had the highest TL intensity, independent of
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the type of radiation used, if the radiation dose was high
enough. However, great differences existed in the TL
intensity of the glow curves. The intensity of glow curves
induced by °°Co-y-rays was several orders of magnitude
higher than that of curves generated by accelerated
electrons.

When ‘quartz’ samples, first irradiated at 5.0 kGy, were
re-irradiated at a dose of 1.0 kGy, glow curves different in
shape, position and intensity were obtained, depending
upon the type of radiation used, and surprisingly enough,
also upon the type of the first radiation treatment. After
a first irradiation with electrons, re-irradiation with elec-
trons for all used beam energies produced glow curves
(Fig. 7, Glow 2,jecirons) Which were characterized by four
overlapping peaks, of which the first was the main peak.
In the case of the first irradiation with 6°Co-y-rays and
subsequent re-irradiation with electrons (Fig. 8, Glow
2.1ectrons)> the shape and position of the second glow curve
were similar to the first one, characteristic of °°Co-y-rays,
but the 200 °C peak failed to appear. Thus, a memory
effect from the first type of irradiation influenced the
second glow curve. Re-irradiation with ®°Co-y-rays yiel-
ded glow curves with either two or four peaks, depending
upon the type of the first radiation treatment. If the first
irradiation used electrons (Fig. 7, Glow 1 cirons) the
second glow curve by y-rays (Fig. 7, Glow 2g;mm.) showed
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four peaks with the dominant one at about 370 °C. If the
first and second treatments had used °°Co-y-rays, the
second glow curve was similar to the first with a slight
shift of the main peak to lower temperatures ( ~ 350 °C),
but the peak at 200 °C had largely disappeared (Fig. 8,
Glow 2,3mma)-

By re-irradiation of ‘quartz’ samples with °°Sr-f-rays
(figure not shown), the main peak was observed at 390 °C
when electrons had been applied in the first treatment.
This second glow curve had three lower peaks in the
temperature range of 150-300 °C. When °°Co-;-rays had
been used first, the second glow curve showed virtually
no peak in this temperature range and the main peak
appeared at about 350 °C.

Re-irradiation by ultraviolet rays failed in ‘quartz’ sam-
ples, as no TL intensities were observed up to a final
temperature of 500 °C.

TL intensity integrals of the materials used

A further aid in deciding whether a sample has been
irradiated or not is the TL glow ratio. Nine integration
regions were selected to determine the temperature re-
gion with the best discrimination between non-irradiated




and irradiated samples. The entire temperature region of
70-500 °C, as well as the so-called integration region
I which is defined by means of irradiated LiF (TLD-100)
chips (10), were used for evaluation; in our case I
corresponded to a temperature interval 197-259 °C.
The remaining seven temperature regions (73-197 °C,
197-228 °C, 228-259°C, 259-290°C, 259-321°C,
290-321°C, 321-445°C) were defined considering the
positions of the LiF peaks, which also serve to compare
TL readings from various laboratories using different
systems for TL analysis.

After integration of the glow curves by temperature re-
gions, the ratio Glow 1/Glow 2 was calculated. The ratios
Jp“f non-irradiated and irradiated ‘potassium feldspar’
samples and of the mineral mixture ‘sand’ samples have
shown that the discrimination was satisfactory in the
entire temperature region (70-500 °C) and even better in
the recommended temperature interval I. The suitability
of the temperature interval I is in agreement with the
European Standard EN 1788: 1996 (10). The situation
was different for ‘quartz’. On the basis of the glow curve
ratios, a generalized judgement about the most suitable
integration region could not be made because of the
different glow curves which were obtained by different
types of radiation. In these special cases with pure
‘quartz’, a qualitative interpretation of the glow curve
shapes had resulted in a better judgement than the use of
TL ratios.

f
Discussion

In this wo}k, the influence of various radiation sources on
the TL glow curves of ‘pure’ silicate minerals, such as
‘potassium feldspar’ and ‘quartz’, and of a common min-
eral mixture present on food products, ‘sand’, was investi-
gated. It should be recognized that depending on the
origin of the mineral samples, their formation and envir-
onmental exposure, their impurities and varying crystal
defects, their pre-treatment, e.g. pre-heating or signal
bleaching by light, a large variety of glow curves are
produced. The measuring conditions, e.g. heating rate,
optical filters, play another role (11, 16). Both for ‘pure’
feldspar and quartz samples many different types of glow
curves have been described (11, 16, 40, 42). The obtained
results are valid for the minerals employed in this study.
The first glow curves of ‘feldspar’ were identical for each
radiation dose independent of the type of radiation. Nor-
malization with all types of radiation, except UV-rays,
produced similar second glow curves for each radiation
dose, higher intensities being observed with increasing
dose. The UV-induced glow curves had a much lower
intensity and, therefore, needed to be scaled up by con-
version factors, in order to compare them with glow
curves generated by the other types of radiation. Further
experiments are necessary to determine the TL reaction
immediately after re-irradiation with UV rays and to
estimate the fading characteristics (influence of time and
temperature on signal intensity). In comparison with
‘quartz’, the ‘feldspar’ samples showed a very high TL
sensitivity, when comparable quantities of material were

analysed (16, 25, 39). However, also for feldspars a wide
variation has been observed in TL intensity influenced by
changes in the mineral lattice structure (16, 43, 44).
Shape and position of glow curves of the mineral mixture
‘sand’ had similar characteristics as for ‘feldspar’. This
may be explained by feldspar which has a very high TL
sensitivity dominating in the mixture. A possible influ-
ence of quartz on the glow curves was practically not
observed.

In contrast to those of ‘feldspar’ and ‘sand’, shape, posi-
tion and intensity of ‘quartz’ glow curves were strongly
dependent on the type of radiatien applied. Differences in
TL intensity were already recognizable after a first low
dose (0.2 kGy). Treatment with *°Co-y-rays resulted in
glow curves of higher intensity than those obtained from
accelerated electrons. The intensity differences grew with
increasing radiation dose. This effect has been observed
previously (45). Differences in shape and position of the
glow curves also increased with higher doses. Whereas
irradiation with accelerated electrons produced glow
curves with three to four peaks, those induced by °°Co-
y-rays exhibited only two peaks. In any case, after a dose
of 5.0 kGy, the last peak was the highest; it was most
distinct in the curves induced by °®Co-y-rays. The shapes
of the glow curves induced by re-irradiation were in-
fluenced by the type of radiation used for the first treat-
ment. Irradiation with photons from radioactive sources
revealed a stronger influence on the shape of the glow
curves than irradiation with electrons. This phenomenon
may be caused either by a dose-rate effect or by depend-
ence on the radiant energy. Further experiments with
‘quartz’ are necessary to find out the reasons behind the
different signal intensities and shapes of the glow curves
obtained. When UV-light was used for normalization, no
TL signals could be observed in the ‘quartz’ samples.
Thus, this procedure could not be used if mineral samples
consist of quartz only. Such mineral samples may be
imaginable for some food products, e.g. shrimps from
particular areas where the sand consists of quartz only.
Although UV-radiation has been indicated for the pur-
pose of normalization (27, 37, 46), it clearly has
some limitations. On the other hand, the other types
of radiation employed in this study seem suitable for
normalization. The use of ®°Sr-B-rays has already been
described (27, 46) and seems to have general advantages.
In contrast to the present results, in another study glow
curve shapes were noted to be very similar for y-, - or
UV-irradiation (46). This may be explained by the mix-
ture of minerals isolated from the food samples under
investigation. If, for example, feldspar dominates the TL
behaviour, an independence of the type of radiation may
be expected. In addition to the above mentioned types of
radiation, X-rays have also been employed for normaliz-
ation, yielding good results (31, 47).

Conclusion
This study on thermoluminescence analysis to identify

irradiated food has shown that the share and the sensitiv-
ity of various silicate minerals, which may contaminate




food products, may be responsible for different glow
curve shapes obtained after treatment with different types
of radiation. Re-irradiation for the purpose of normaliz-
ation was successfully carried out with accelerated elec-
trons of 2, 5 and 10 MeV, with °Co-y-rays and with
908r-B-rays. The suitability of ultraviolet rays for normal-
ization seems to be limited because of the much weaker
TL signal. However, normalization of glow curves of
isolated minerals containing quartz as a single compon-
ent is not possible by UV rays.

It can be concluded that food control laboratories may
apply ®°Sr-f-rays as a substitute source of radiation as
well as accelerated electrons and ®°Co-y-rays as conven-
tional types of radiation for the purpose of normalization
in TL measurements. °°Sr-B-sources have the advantage
that their license for use can be obtained much more
easily. In addition, the system can be built ‘self-shielded’
and no specially shielded rooms are required.
Thermoluminescence analysis is a means of discriminat-
ing between non-irradiated and irradiated pure minerals
and mineral mixtures. Although in this study pure
‘quartz’ samples presented some problems, it should be
recognized that in most cases food carries concomitant
mineral mixtures instead of pure minerals. Due to the
high TL sensitivity of feldspar which, consequently, dom-
inates the glow curves, these mixtures show luminescence
characteristics which will in most cases be independent of
the radiation sources used and, therefore, serve for re-
liable discrimination between irradiated and non-irra-
diated samples.
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