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Abstract. A study to determine the irradiation parameters for disinfestation of dried fruits: figs, pine nuts, raisins
and walnuts has been carried out in the UTR cobalt-60 facility. The dose distribution in the UTR boxes was
measured. Low doses for disinfestation (150 Gy-300 Gy) were studied, for the commercial practice
simulation/validation higher doses were used (15 kGy-20 kGy). The absorbed dose uniformity ratio (U =
Dmax/Dmin) determined was 1.16 up to 1.33 for the dried fruits studied. Different dosimetric systems were
tested. Low dose range dosimeters: reference standard Fricke dosimeter, routine dosimeters: Harwell YR
Gammachrome and China PMMAYL dosimeter. High dose range dosimeters: routine dosimeters: Harwell
Amber Perspex and Clear Perspex purchased at the local market. Label STERIN indicators of 125 Gy and of
300 Gy were assayed to establish a simple and direct process for verification, by customs inspectors, of a prior
irradiation treatment. These indicators change their visual message if the threshold dose has been delivered. The
performance of STERIN 125 and STERIN 300 suggested that these label indicators could properly be used for
doses of 125 Gy and 300 Gy respectively, or higher than these ones.

1. INTRODUCTION

Dried fruits are often infested with insects responsible for the deterioration of these
fruits. Therefore, its commercial distribution are subject to quarantine periods in order to
avoid potential dissemination of insect pests. Until some years ago fumigation was used to
prevent or destroy insect pests on foodstuffs, but nowadays chemical treatments have started
to be questioned, banned or restricted due to serious limitations of the technique and to the
harmful residues for human health left in food.

Irradiation seems to be an effective alternative to chemical treatments. Irradiation
eliminates or controls the insect infestation of dried fruits, avoiding quarantine periods and
does not present undesirable residues [1,2].

The aim of this work was to study the dose distribution of dried fruits: figs, pine nuts
raisins and walnuts treated by gamma radiation [3]. For dose range disinfestation the fruits
were irradiated in fixed position at a defined place in the cobalt-60 facility. To
simulate/validate the commercial practice conditions the irradiation was carried out in the
current production process of the UTR facility using an absorbed dose of 15 kGy up to
20 kGy.

In the low dose range (150 Gy-300 Gy) the dosimetric systems Fricke, Harwell YR
Gammachromme and China PMMAYL were employed; the STERIN label indicators were
tested. For commercial simulation/validation irradiation the dosimetric systems: Harwell
Amber Perspex and Clear Perspex were used.



2. MATERIALS AND METHODS

2.1. Dried fruits: figs, pine nuts, raisins and walnuts

All dried fruits were purchased at the local market. They were packaged prior to the
irradiation in small bags of "VASCOLANPA/PESUPER"1 film. This five layers laminate is
composed of polyamide and polyethylene and constitutes a barrier to the outside atmosphere.

Inside the bags 250 g or 500 g of figs, 300 g of raisins and 200 g of pine nuts and walnuts.
Were packed, the same volumes as used in trade. The bags were oriented in parallel to the
source and ranged in small cardboard boxes (18x18x18) cm3. These boxes were subunits of
the UTR standard boxes (40x40x40) cm3. Each UTR box had room for eight subunits.

2.2. Irradiation

The irradiation was carried out in the cobalt-60 facility UTR [4-6]: a) at fixed position
for disinfestation dose range (2.2.1); b) during processing for simulation of commercial
practice (2.2.2).

2.2.1. Irradiation in fixed position

The irradiation in fixed position was performed in front of the irradiator (cobalt-60) at a
distance of 1340 mm to the source, close to the radiationshielding wall in a wood shelf. This
wood shelf corresponds to the lower part of a half UTR carrier and can accommodate two
UTR boxes (40x40x80) cm3 (Fig. 1).
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FIG. 1 Pair of UTR standard boxes moving together. Corresponding to a half UTR carrier and used as model
for the studies at fixed position and for simulation of commercial practices.
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FIG. 2. Schematic representation of a UTR carrier holding four boxes. Movement of the boxes: position 1 and 2
during first cycle; position 3 and 4 on the second cycle.

A minimum absorbed dose of 140 Gy (>125 Gy) was used taking into consideration the
radiation sensitivity of insects. The irradiation took 30 minutes, to improve the dose
distribution, at half time a 180° rotation was done. The average dose rate was 0.35 kGy.h1 for
the dried fruits studied (2.1).

2.2.2. Irradiation in commercial practice

Two UTR boxes containing the dried fruits and the dosimeters were put in the upper
position of a UTR carrier; after going through the plant they were moved to the lower part of
the carrier and passed through the plant again in the second cycle (Figure 2).

2.3. Dosimeters

2.3.1. Low dose range

2.3.1.1. Ferrousammonium sulphate dosimeter (Fricke)

Fricke solution was prepared and calibrated following ASTM Standard El02692 [7].
The solution was irradiated in a geometry well defined (710 mm straight distance to the
source; 1105 mm high to the soil). Three glass ampoules containing 5 ml were irradiated
simultaneously during 2, 3, 4, 5, 6 and 7 minutes. The optical absorbance was red at 305 nm
in a UV/VIS Spectrophotometer, at a temperature of 25°C.

The data obtained were in agreement with the reference value (4.2 kGy.h'/Dec. 92) for
the same position measured by using an ionising chamber calibrated to a primary standard.

2.3.1.2. YR Gammachrome dosimeter

The Harwell YR Gammachrome dosimeter (Batch 3/sealed) was irradiated at the same
geometry described in 2.3.1.1. The calibration curve built covered the dose range 0.1 kGy up



to 3 kGy. The irradiation followed the supplier recommendations. This dosimeter was used at
the UTR facility as a routine dosimeter for low absorbed doses applications.

2.3.1.3. PMMAYL dosimeter

The PMMAYL dosimeter was supplied by the Institute of Application of Atomic
Energy, China where it is developed (dose range 0.05 kGy-1.00 kGy). The PMMAYL
dosimeters (10x40 mm2; 13 mm thicness) were sealed in aluminum bags and calibrated at the
same geometry used in 2.3.1.1. The calibration curve built for this study covered dose range
0.05 kGy up to 0.40 kGy. It is a routine dosimeter for low absorbed dose applications, which
has physical and chemical properties close to Harwell YR Gammachrome. The wavelength
530 nm recommended by that Institute was used. Specific optical absorbance was plotted
against absorbed dose.

2.3.2. High dose dosimeters

2.3.2.1. Amber Perspex

The Harwell Amber Perspex type 3042 (Batch K/sealed), recalibrated at the same
geometry used in 2.3.1.1, and in current use at the UTR facility for dose range 1 kGy up to 30
kGy was utilized. The wavelength 530 nm indicated by the supplier was used. Specific optical
absorbance was plotted versus absorbed dose.

2.3.1.2. Clear Perspex

Clear Perspex was purchased at the local market and prepared at the UTR facility. A
plate of Perspex were cut into small pieces (70x 15 mm2), which were dipped in a detergent
solution, washed with a weak solution of acetic acid, rinsed well in tap water and in triple
distilled water, then dried at 25°C, put in aluminum bags and sealed [8]. The average
thickness was 3.2 mm. The calibration curve was built in the dose range of 10 kGy up to 30
kGy. The irradiation was carried out at the same geometry used in 2.3.1.1. The wavelength
selected was 290 nm and the reading temperature 25°C.

2.3.3. Label indicators

STERIN 125 and STERIN 300 supplied by International Specialty Products (ISP)1 were
used. STERIN indicators are threshold indicators. A visual message "not irradiated" changes
to "irradiated" if the threshold dose 125 Gy or 300 Gy is delivered or exceeded.

3. RESULTS AND DISCUSSION

3.1. Apparent density of dried fruits

In Table 1 are presented the apparent densities of subunits boxes and of UTR boxes for
the different fruits.

1 ISP: International Specialty Products, New York, USA.



TABLE. 1. APPARENT DENSITY OF DRIED FRUITS STUDIED

Dried Fruit Apparent Density
SubUnit Box UTR Std Box

Figs
Pinenuts
Raisins
Walnuts

0.40 g/cm3

0.45 g/cm3

0.33 g/cm3

0.31 g/cm3

0.34 g/cm3

0.33 g/cm3

0.32 g/cm3

0.23 g/cm3

3.2. Irradiation in fixed position

3.2.1. Dose distribution

The absorbed dose measured by Fricke, Harwell YR Gammachrome and China
PMMAYL dosimeters at different points/positions of the UTR boxes (Figure 1) containing
dried figs are presented in Figure 3. The deviation between the dosimeters Fricke and the YR
Gammachrome dosimeters are in agreement with the accuracy of the dosimeters [9]. The
deviation of PMMAYL dosimeter is even more evidenced but seems acceptable for routine
purposes as it is a in-house made dosimeter.
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FIG. 3. Dose distribution of dried figs measured by different low dose dosimeters: Fricke (*);
YR Gammachrome (m); PMMAYL (A).

In Table 2 is presented the dose distribution in the UTR boxes, containing dried figs
irradiated as described in (2.2.1) at fixed position. Minimum and maximum absorbed dose
was measured by Fricke and Harwell YR Gammachrome dosimeters. The average dose
uniformity obtained for both dosimeters does not show significant differences.



TABLE 2. DRIED FIGS DOSE DISTRIBUTION MEASURED WITH FRICKE AND YR
GAMMACHROME DOSIMETERS

Dried Fruits

Figs

UTR

Box 1

Box 2

Dmin

160

135

Fricke Dosimeter

Dmax

230

210

Absorbed

Dmax/
Dmin

1.49

Dose

Dmin

130

140

(Gy)

YR Gammachrome

Dmax

170

190

Dmax/
Dmin

1.33

In Table 3 is presented the different absorbed dose uniformity for the dried fruits studied
measured with Harwell YR Gammachrome dosimeter. The irradiation was carried out at fixed
position as described in (2.2.1), during 30 minutes. The average absorbed dose rate was
0.35 kGy.h1.

TABLE. 3. ABSORBED DOSE UNIFORMITY FOR DIFFERENT DRIED FRUITS

„ . , - .. YR Gammachrome Dosimeter
Dried Fruits . n . . . . ,

Average Dose Uniformity
Figs 1.33
Raisins 1.23
Pine Nuts 1.18
Walnuts L20

3.2.2. Test of label indicators

The label indicators STERIN 125 and STERIN 300 were studied [10, 11]. It was
possible to see the alteration in both label indicators STERIN 125 and STERIN 300. The word
"NOT" disappeared and the word "IRRADIATION" was clear evidenced, when the absorbed
dose delivered was respectively 100 Gy and 300 Gy.

TABLE.4. "STERIN"COLOUR INDICATORS IRRADIATED IN FIXED POSITION

Dose(Gy) STERIN-125 STERIN-300

0 n.a. n.a.
50 + n.a.
100 ++ n.a.
150 ++ +
200 ++ +
300 n.d. ++
500 n.d. ++

() "NOT" could be seen clearly; (+) "NOT" could hardly be seen; (++) "NOT" is completely covered; (n.a.) not
applicable (n.d.) not determined.



3.2.3. Irradiation in commercial practice

Figs and raisins were irradiated during normal processing at the UTR facility to
simulate/validate a commercial practice.

Table 5 shows the dose uniformity data by using the Harwell Amber Perspex dosimeter
and Clear Perspex dosimeter prepared at the irradiation facility. The dosimeters were placed
as indicated in Figure 1. The average dose uniformity was 1.38 for the Harwell Amber
Perspex dosimeter and 1.35 Clear Perspex dosimeter.

TABLE 5. DOSE DISTRIBUTION STUDIES BY USING HARWELL AMBER PERSPEX AND
CLEAR PERSPEX DOSIMETERS

Dosimeters Dried Fruits:
figs, raisins

Absorbed Dose
(kGy)

Dosemin

Absorbed Dose
(kGy)

Dosemax

Average Dose
Uniformity

Harwell
Amber Perspex

(651 nm)
Clear Perspex

(390 nm)

Boxl

Box 2

Boxl

Box 2

14.0

14.3

16.5

17.3

192

19.9

22.0

23.6

1.38

1.35

4. CONCLUSIONS

The parameters to irradiate the dried fruits selected for this study were established. The
location of minimum absorbed dose and maximum absorbed dose were determined. To a
Dmin defined in the central plan of each UTR box corresponds a Dmax at its external faces,
which is not higher enough to damage the fruits. The dose uniformity was acceptable for an
industrial gamma irradiation facility.

The label indicators utilised in this study needs to be more explored but our results
indicate that it works well on the interval of doses used for disinfestation.

Further work shall be done with the Clear Perspex. Other thickness 5 mm and 8 mm
adequate to lower absorbed dose shall also be tested.
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