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ABSTRACT 

 
      The use of ESR technique for checkout the calibration and dose assessment for 
chicken bone is considered to be a well known application, while the accuracy of this 
technique is not carefully evaluated yet. This article provide a new approach for 
optimizing the accuracy of both the calibration curve methods to estimate the ESR 
absorbed dose and dose assessment in irradiated refrigerated chicken bone. Because 
of the decay of the radiation-induced free radical, the ESR signal inside chicken 
bone will be affected. By applying an extensive study for the stability of  the ESR 
signal, the readout was performed only when ESR signal has reached a good 
stability for bone samples used to establish the calibration curves and also for bones 
whose dose is required to be assessed. The accuracy for using such method under 
optimization was good enough to meet previous studies, just using a hypothetical 
mathematics factors, which occurs from different studies according to the conditions 
of irradiation and storage, could be used for correction. 
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INTRODUCTION 

 
      Ionizing radiation is used to reduce food losses and improve safety, and nutritional quality of food 
products. Distinguishing irradiated from unirradiated food is a concern of consumers and regulatory 
officials (1-3). Electron spin resonance (ESR) has shown promise as a method for detecting radiation 
processed foods (2,3). After irradiation, the center resonance in the ESR spectrum is composed of the 
endogenous signal and the center resonance of the dose dependent hydroxyapetite radical triplet.  
 
       Irradiated samples are recognized by the appearance of a typical asymmetric signal g-values of 
2.002 ± 0.001 and 1.998 ± 0.001. This signal is attributed to trapped radicals in hydroxyapetite 
produced by the action of ionizing radiation on the bone (5).  
 
      Two methods have been proposed to evaluate the absorbed dose in food, namely the dose additive 
method (4) and the calibration curve method (6), temperature of irradiation and storage, and fading 
behavior of the radiation-induced free radicals in bone (6).  
 
       Fading in ESR signal amplitude of irradiated bone was varied between 20% (7), 26% (8), and 29% 
(3) depending on storage time and temperature during irradiation and irradiated dose. The previous 
results indicate the need for  more investigation into the fading correction factor.  
 
      In the present study, the accuracy of the calibration curve method for the assessment of the actual 
dose in irradiated chicken bones was tested after 7, 14 and 21 days of subsequent post-irradiation 
storage.  
 
      Although corrections for decay of free radicals were worthwhile, the present study discuss and 
compare (8) an alternative approach in which the calibration curve is constructed when the radical 
content seems to reach a plateau. In this case the estimated dose were of the same order of magnitude 
as obtained by using corrections for decay of free radicals. 
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EXPERIMENTAL 

Preparation of bone fragments 

      Chicken bone were scraped of excess meat, fractured to expose the marrow. Bone fragments taken 
only from the tibia were dried over silica gel in a vacuum oven at room temperature and left for one 
week before irradiation. Bone fragments were cut to a height sufficient to fill the height of the 
microwave resonator (30 x 3 mm).  

Irradiation 

      Gamma-ray doses were delivered at ambient temperature using 60Co Gamma cell 220 Excel from 
MDS-Nordion International (absorbed dose rate in water = 7.10 kGy/hr). The temperature of 
irradiation was kept constant at 4°C during all irradiations by purging cold air inside the gamma 
chamber using temperature control unite attached to the irradiator. A container made of polystyrene 
was designed to irradiate bone samples under the conditions of electronic equilibrium and to ensure 
that the bone fragments are placed exactly at the center of the irradiation chamber.  

ESR measurements 

      ESR spectra were performed with Bruker EMX ESR spectrometer, interfaced with computer data 
acquisition and analysis system, with the following settings: modulation amplitude 1 G, microwave 
frequency 9.78 GHz and microwave power 4 mW. The values of the time constant and sweep rate 
were chosen to give an ESR signal with peak-to-peak line width of approximately 0.4 mT. The peak-
to-peak heights of the first derivative ESR spectra of irradiated bones were measured at room 
temperature. The ESR amplitude was normalized by the bone weight and the spectrometer gain. After 
deriving the ESR spectra of the samples on the day of irradiation, they were placed in closed glass 
bottles and maintained at a storage temperature of 4°C for 7, 14 and 21 days. Spectra were derived 
after each storage period and analyzed as described above. 

      The reproducibility of the ESR measurements at 2kGy was measured 50 times. The results indicate 
a measurement uncertainty of 3.2 % (2σ). When the samples was left in the ESR cavity between 
measurements (50 times) the uncertainty was found to be 1.1 % (2σ). 

RESULTS AND DISCUSSION 

ESR signal 

      The ESR spectra of chicken bone were recorded before and after irradiation as shown in Fig. 1a, b. 
It can be seen that unirradiated and irradiated bone has an ESR signal at g-values of 2.002 ± 0.001, this 
signal is attributed to trapped radicals in hydroxyapetite. The intensity of this signal is enhanced by 
irradiation. Prior to this study, care was taken with the use of microwave power to avoid power 
saturation. By measuring the peak-to-peak amplitude of the first derivative ESR signal as a function of 
the microwave power in the range 0.05-12.7 mW the optimize microwave power found to be at 4 mW.  

 
 
 
 
 
 
 
 
 
 

 
 

 
 

Fig. 1.ESR spectra of checken bone: a) unirradiated and, b) irradiated to 5 kGy 
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Calibration curve 

      Fig. 2 show the relationship between absorbed dose and relative signal intensity measured on 
different period times. The signal intensity increases gradually with the increase of the absorbed dose 
and reaches saturation at about 10.0 kGy. Accordingly discrimination between irradiated and non-
irradiated samples seems possible after irradiation. These calibration curves were performed by 
irradiating 50 bones to different doses in the range from 1 to 10 kGy (5 bones for each dose) at a 
temperature of 4°C. The signal amplitude of all bones was measured on the day of irradiation and 7, 
14, 21 days after irradiation. All the data were plotted in terms of normalized signal amplitude as a 
function of dose, as show in Fig.2. It can be observed that almost similar response values were 
obtained after 14 days of irradiation. The type A uncertainty arising during calibration of bone was 
calculated according to ASTM, 1994 (9). Table 1 presented the overall percentage uncertainty (2 σ) 
associated with the measurement of dose response of bone at different doses over the range 1-10 kGy 
(50 replicates, 5 bones at each dose). As seen in this table, the overall uncertainty of bone response 
made immediately after irradiation was found to be 12.46%. 
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Fig. 2: Response curve of ESR signal height as a function of absorbed dose measured 

immediately after irradiation, 7, 14 and 21 days after irradiation of refrigerated chicken bone. 
 

Table 1: Uncertainty of measurement of bone response made immediately after irradiation. 
 

Absorbed Dose, kGy Ave. (S.H.) Si-1 S2
i-1/(S.H.2i) 

1 111.3  13.2 0.014066 
2 2008  18.0 0.008036 
3 301.2  24.6 0.006671 
4 404.5  29.8 0.005427 
5 490.8  35.5 0.005232 
6 562.9  38.3 0.004630 
7 645.2  66.8 0.010719 
8 741.3  98.6 0.017692 
9 855.9  114.6 0.017928 
10 926.1 129.3 0.019493 

CV% = 6.23 %    Uncertainty at 95% confidence level = 12.46 % 
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Post-irradiation stability of free radicals: 
 In this phase of study, 30 bone fragments were irradiated to eight doses (three bones for each 
dose) and the ESR signal amplitudes of irradiated bones were monitored over a period of 21 days. 
During the storage period, the temperature was kept constant at 4°C. Fig. 3 shows the time-dependent 
change in normalized signal amplitude for bones expressed as percent change in the signal measured 
immediately after irradiation. It can be observed that the signal amplitude showed a fast decrease in 
the first 10 days after irradiation and then reached a stability. The percent decrease in signal, within 21 
days of storage, is ranging between 12 to 25% among different doses, which indicates that the rate of 
signal decay of ESR signal is slightly dependent on the dose. According to our literature survey, no 
significant work appears to have been done on dose-dependence on the signal decay in chicken bone, 
but this behavior was observed in perivious work done on eggshell by Desrosiers et al., 1993 (10). 
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Fig. 3: Post-Irradiation stability of irradiated chicken bone at different irradiation doses. 

 
Evaluation of the accuracy of the assessment of the absorbed dose: 
      The accuracy of the calibration curve method to assess the initial dose for irradiated bones during 
storage was tested as a function of the post-irradiation time evaluation. Bone fragments were irradiated 
to the doses in the range from 1 to 10 kGy at 4°C (3 bones for each dose) and stored at same 
temperature. The signal amplitude of all bones were measured after 7, 14 and 21 days of irradiation. 
The signal amplitudes of all bones were normalized by weight and spectrometer gain. The estimated 
doses in irradiated bones were calculated from the calibration curve made immediately after 
irradiation. Fig. 4 shows the division of estimated doses in irradiated bones from actual dose. It can be 
observed that the estimated doses at different storage periods are too much lower than the actual doses.  
 
      The results indicate that the decay of free radicals in bone have a marked influence on dose 
assessment and lead to an underestimation of the dose. This conclusion is on agreement with the 
results of previous work (3).  The division of estimated doses in Fig.4 were corrected for decay by 
applying the correction factors derived from Fig. 2. In this case much better estimates were obtained as 
seen in Fig. 4 whatever the measurements occurred at 7, 14 and 21 days after irradiation. 
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      In view of the fact that the operator dose not know the date of initial irradiation and consequently 
cannot apply any correction factor for decay, in such cases (3), suggested the use of correction factor 
for long-term decay by measuring the ESR signal amplitude of irradiated bone after it reached stability 
(7days)
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Fig. 4: % Division of estimated dose assessment of irradiated chicken bone 7, 14 and 21 day after 

irradiation; calculated from applied calibration curves: immediately after irradiation, after 
irradiation and corrected for decay, calibration curves of 7, 14 and 21 day after irradiation 

 
       In the present investigation estimated doses for bones stored for different periods (7, 14, 21 days) 
were calculated from different calibration curves made after 7, 14, 21 days of irradiation. The division 
of estimated doses, as percent deviation from actual dose are presented in Fig 4. On the basis of the 
results, it can be concluded that the estimated doses are of the same order of magnitude as the ones 
presented before, which clearly indicate that corrections for decay are not essentially needed as long as 
the ESR measurements of irradiated bones and the bones used to construct the calibration curves are 
performed after bone signal reaches stability. 

 
CONCLUSIONS 

 
      The main conclusions can be observed from this study:  
# The calibration curve method can be used for reliable evaluation of the absorbed dose in chicken 

bone. 
# Correction for decay of the radiation induced radical has a marked influence on dose assessment and 

leads to avoid underestimation of the dose. 
# One can estimate the actual absorbed dose in irradiated bone without applying correction factors to 

the ESR signal intensities By using a calibration curves at stability of the signal specially the one 
after 7 day of irradiation.  
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