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Abstract

Aqueous solution of congored has been investigated spectrophotometrically for possible
applications in food irradiation dosimetry. Absorption spectra of the solution showed two absorption
bands with peaks at 346 and 498 nm. Radiation induced bleaching of the dye was measured at the
wavelengths of maximum absorbance (346 and 498 nm) as well as at several other wavelengths (491,
540 and 570 nm). At 498 nm, the decrease in absorbance of the dosimeter was linear with respect to the
absorbed dose from 50 to 600 Gy. At the other peak wavelength (346 nm), the response was linear up to
400 Gy, however, the upper limit was increased to 600 Gy when the response was measured at longer
wavelengths (491, 540 or 570 nm). If the negative logarithm of the absorbance (-log A) at these
wavelengths is plotted versus absorbed dose, a linear response was observed from 50 to 1200 Gy. Post-
irradiation stability of dosimetric solution was studied at room temperature and showed almost stable
response up to 50 days when stored in dark. The response was found almost stable for 50 days when the
solution after irradiation was exposed to white fluorescent light or to diffused sunlight inside the
laboratory. The aqueous congored solution is unstable when exposed to direct sunlight, showing rapid
decrease in absorbance for the first few hours followed by a slower decrease. The results suggest that
the aqueous congored dosimeter with linear response up to 1200 Gy is suitable for a number of food
irradiation applications, such as, sprout inhibition of potatoes, onion and garlic and for ripening delay
and ripening stimulation of fruits and vegetables.

1. INTRODUCTION

Developing countries have special interest in food irradiation technology to reduce devastating
loses of food during harvest and storage as well as to control the causes of foodborne diseases. Recently
authorities in Pakistan have cleared a number of food items for radiation treatment. For
commercialisation of food irradiation, a reliable dosimetry system is necessary for quality assurance and
to satisfy regulatory requirements. Several chemical dosimeters as well as dye or leuco dye solutions
have been used for food irradiation dosimetry over a wide range of doses [1-4]. These dyes systems
have advantage of being easily commercially available, relatively inexpensive and the solution can be
easily prepared, handled and measured spectophotometricaly. We have earlier reported the dosimetric
characteristics of some aqueous solutions that can be used for food irradiation dosimetry [5,6]. In the
present paper, we have investigated the dosimetric properties of aqueous solution of congored with
possible applications in low-dose food irradiation dosimetry.

2. EXPERIMENTAL PROCEDURES

Congored (C32H.22N6Na2O<;S2, FW 696.68) was purchased from E. Merck (Germany) and was
used as received. For the preparation of congored solution, 0.0597 g of the compound was dissolved in
triply distilled water to prepare one litre of 100 /anol L1 solution at natural pH (ca. 9.5). The solution
was saturated with oxygen by passing oxygen through the solution for about 30 minutes.

45



The cobalt-60 gamma rays source (Issledovatel, former USSR) of the Nuclear Institute for Food
and Agriculture (NIFA), Tarnab, was used for irradiations. To get reliable and reproducible results, all
the samples were irradiated at a fixed position in the radiation field. The dose rate at the selected
irradiation position was determined using Fricke dosimetry solution or GAF films [7,8]. Typical dose
rates at the calibrated position was 39 Gy/minute.

Irradiation of solutions were carried out as follows: 9 ml of solution was taken in a Pyrex glass
tube with a ground stopper. The tubes were placed in the radiation field at a fixed position with the help
of a stand and were irradiated for predetermined interval of time. For each absorbed dose, at least three
samples were irradiated in order to calculate an average value and standard deviation. All irradiations
were carried out in the presence of air at room temperature (ca. 25 °C). Before and after irradiation, the
dosimetric solutions were protected from light. Absorbance measurements were made using a Varian
DMS-200 UV-VIS spectrophotometer. Radiation induced absorption changes were determined against
unirradiated solution as blank unless specified.

3. RESULTS AND DISCUSSION

3.1. Absorption spectra of unirradiated and irradiated solutions

In order to select a suitable wavelength for dosimetric characterization, absorption spectra of the
unirradiated solution as well as the irradiated solution were determined in the spectral range of 320 nm
to 700 nm. The absorption spectra of oxygen saturated aqueous congored solutions (pH 9.5) before and
after irradiation for different absorbed doses of gamma rays (50 to 1200 Gy) are shown in Fig.l. The
spectra show that the maximum in the absorbance lies at 498 nm and 346 nm which are comparable to
the reported values (i.e. 497 nm) [9]. The spectra also show that there is a decrease in the absorbance of
the irradiated solution over all the wavelength range (320 to 586 nm) as the absorbed dose is increased.

The 498 nm absorbance peak almost disappears at high absorbed doses. Therefore, wavelengths of
maximum absorption (i.e. 346 and 498 nm) should be suitable wavelengths for dosimetric
characterization. In the present study, the measurements have been made at these peak wavelengths as
well as at three other wavelengths (i.e. 491, 540 and 570 nm).

3.2. Response curves and useful dose range

Response curves (plot of change in absorbance of the irradiated solution at a selected wavelength
versus absorbed dose) were determined to find out the useful dose range of the 100 /imol L"1 aqueous
congored solution. Fig. 2, shows a typical response curve at 498 and 540 nm, where the response of
the dosimeter with respect to absorbed dose was linear in the range of 50 to 600 Gy. At other peak
wavelength, /. e. at 346 nm, the response showed linearity up to an absorbed dose of 400 Gy. However,
this dose range can be increased up to 600 Gy, if analysed at other wavelengths i.e. 491 and 570 nm.
The response deviates from linearity at higher doses. Thus the useful dose range for the congored
dosimeter is from 50 to 400 Gy at 346 nm and from 50 to 600 Gy if measurements are made at longer
wavelengths (491, 498, 540 or 570 nm).

However, when negative logarithm of the absorbance (-log A) is plotted against absorbed dose at
these wavelengths, a linear response is observed at all these wavelengths up to 1200 Gy as shown in
Figs 3 and 4. This wide range makes the use of this dosimeter suitable for a number of low-dose food
irradiation applications [10],

3.3. Pre-irradiation shelf-life

Aqueous solution of congored (100 //mol L"1) at pH 9.5 or at pH 7.0 were stored at room
temperature either in the dark or under room fluorescent light or in a refrigerator (ca. 7 °C). Absorption
spectra of these solutions were determined at different times after the preparation of solution. It was
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FIG. 1. Absorption spectra of 100 fxmol L'1 aqueous solution of congored versus water. The numbers
beside the curves indicate absorbed dose. 1: unirradiated; 2: 100 Gy; 3: 300 Gy; 4: 600 Gy; 5: 800
Gy; 6:1000 Gy; 7: 1200 Gy.
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FIG. 2. Response curve for aqueous congored solution at 498 and 540 nm.
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FIG 3. Radiation response Junction (in terms of negative logarithm of absorbance) versus absorbed
dose in water for 100 jumol L'1 aqueous solution ofcongored measured at 346 and 498 nm.
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FIG. 4. Radiation response junction (in terms of negative logarithm of absorbance) versus absorbed
dose in water for 100 fumol L'! aqueous solution ofcongored measured at 491, 540 and 570 nm.

observed that there was no change in the absorption characteristics of the solutions for a storage period
of 22 days either in the dark or in fluorescent light at both the pH values. However, when stored in a
refrigerator, the stock solution of the congored was quite stable up to 65 days.

The foregoing results suggests that stock solution ofcongored at natural pH 9.5 can be stored up
to three weeks either in the dark or in fluorescent light and for more than two months in a refrigerator
and, therefore, preparation of fresh solution is not necessary for daily experiments.

3.4. Post-irradiation stability

Stability of the dosimetric solution during post-irradiation storage in dark was checked for a
storage period of about 50 days at all the selected wavelengths {i.e. 346, 491, 498, 540 and 570 nm).
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FIG. 5. Stability of response of aqueous congored solution during post-irradiation storage in dark.

Two sets of dosimetric solutions were irradiated to absorbed doses of 300 or 500 Gy in stoppered Pyrex
glass tubes. After irradiation, the dosimetric solutions were wrapped in black polyethylene bags to
protect them from light and stored at room temperature ica. 25 °C). The response of the dosimeter was
measured at different intervals of time and representative results are presented in Fig. 5 for three
wavelengths at both the absorbed doses. It was concluded that the radiation induced absorbance
remained stable for a storage period of 50 days at 346, 540 and 570 nm. However, at 491 and 498 nm
there was a slow and continuous decrease in absorbance with time for both the absorbed doses. This
effect was less pronounced for absorbed dose of 300 Gy as compared to 500 Gy.

3.5. Post-irradiation stability under different light conditions

In many dosimeters, the change in absorbance due to irradiation is not stable and is generally
affected by a number of environmental factors during post-irradiation storage, such as, light,
temperature and humidity conditions. In order to check the effects of various light conditions, which the
dosimeter may encounter during commercial irradiation, the solutions were irradiated to 300 or 500 Gy
and stored either in white fluorescent light, in diffused sunlight inside the laboratory or under direct
sunlight.

In order to check the effect of fluorescent light on aqueous congored dosimeter, the solutions after
irradiation were stored at room temperature under fluorescent light until spectral analysis. Fig. 6 shows
the effect of fluorescent light on the response of dosimeter for three wavelengths (498, 540 and 570
nm). The results showed that the response of the dosimeter was almost stable at 346, 540 and 570 nm
for both the absorbed doses over a storage period of 50 days while around the peak of broad absorbance
band (491 and 498 nm), there was a slow and continuous decrease in absorbance with time, similar to
the behaviour for storage in dark.

Similarly, two sets of congored solutions irradiated to dose levels of 300 and 500 Gy were
exposed to diffused sunlight inside the laboratory. The results were similar to that observed for storage
in dark or in fluorescent light described above.
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FIG. 6. Stability of response of aqueous congored solution during post-irradiation storage in room
fluorescence light.

To check the behaviour of the dosimeter under direct sunlight, irradiated solutions were exposed
to direct sunlight and the response of the solutions were measured at all the selected wavelengths. The
results indicated a significant bleaching at all the wavelengths with some rapid decrease in the
absorbance within first few hours after exposure to direct sunlight followed by a slow and steady
decrease in the response at all the wavelengths. It is noteworthy that exposure to direct sunlight results
in a drastic decrease in response similar to that observed in several other aqueous dosimetry solutions,
such as ferrous-cupric sulphate, coumarine and triphenylmethane solutions [3,5,6].

The foregoing results suggested that the response of the aqueous congored dosimeter is somewhat
unstable in direct sunlight. Therefore, the dosimetric solution should not be exposed to direct sunlight,
however exposure to room fluorescent light or diffused sunlight does not affect the stability of the
response during post-irradiation storage.

4. CONCLUSIONS

It can be concluded that aqueous solution of congored with a linear dose response from 50 to
1200 Gy can be used as a dosimeter for a number of low-dose food irradiation applications, such as
sprout inhibition of potatoes, onion and garlic (up to 150 Gy), for ripening delay and ripening
stimulation of fruits and vegetables (100 to 1000 Gy) and to control insect infestation of dates, beans,
pulses, rice and wheat during storage (1000 Gy). The response of the dosimeter is stable in dark, in
diffuse sunlight or in room fluorescence light for about seven weeks, however, the solution should be
protected from direct sunlight.
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