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ABSTRACT: A sensitive indicators based on the polyvinyl butyral dyed with leuco-
malachite green and metyl orange were made for use as devices for discriminating and 
monitoring radiation treatment in food irradiation. The sensitivity and stability of the 
indicator have been improved by using several additives such as CCl4 in combination 
with di(nonylphenyl)  isophthalate [dinonyl phthalate –C6H4(COOC9H19)2] 
The dosimeters change their color from orange to greenish when irradiated with gamma 
rays or electrrons to dose just about 2 kGy. The greennish continue to develop to deep-
green upon the increase of dose to 7 kGy. This makes the indicators useful for the dose  
range of food irradiation application, especially in treatment of fronzen meat and sea 
products for elimination of micro-organism. The quality of indicators are also improved 
by adjusting of factors and procedures during preparation of film and dosimeters. The 
indicators were produced in a stick-on label type showing attractive characteristics in 
use. The orange color before irradiation keep well stable for as long as 20 months  
under normal conditions in laboratory. The green after irradiation was maintained upto 
12 months in pratical conditions of products. The indicator can be produced in big 
amount to supply to the irradiation facilities in Vietnam instead of imported devices. 
Keywords: Indicators; irradiation; gamma rays; electron; stability; food irradiation; 
polyvinyl butyral; leuco-malichite green, metyl orange; dose rang.  

 
1. Introduction 
Stick-on label or dose indicator may be used as dose monitoring devices in the control 

of food irradiation. The dose indicator help to discriminate between irradiated and un-irradiated 
products as well as they may serve as evidence of irradiated food during post irradiation storage 
and commerce. There are some kinds of dose indicators have been developed and commercially 
available for use in radiation sterilization of medical supplies (Mclaughlin et al.1978; Ueno, 
1988; Abdel Fahta, 1996; Hoang Hoa Mai et.al.1997). These indicators work well and prove 
their usefulness in high dose range of radiation sterilization of medical supplies with visible 
color change in the range of 20 -30 kGy. Meanwhile, there is very few systems have been 
developed and used for food irradiation range, especially the stick-on lable type for use in 
low dose range of several kGy (Sattar et al.1995, Razem, 1997; Ehlermann,1997). This 
work aims to improved the new kind dose indicators as the stik-on lables for use in dose 
rage of food irradiation in dose range of 3-10 kGy. The indicator  is produced based on 
the polyvinyl butyral dyed with leuco-malachite green and metyl orange.  

2. Experiment 
2.1 Chemicals and preparation of samples  

Poly(vinyl butyral - co-vinyl alcohol co-vinyl acetate) with molecular weight              
M = 90000 – 120000, 2- methoxy ethanol [CH3OCH2CH2OH], 2-ethoxy ethanol 
[C2H5OCH2CH2OH], N,N – dimethyl formamide [HCON(CH3)2], ethanol [C2H5OH], 
chloral hydrate [CCl3CH(OH)2], 2,2,2-trichloro ethanol [CCl3CH2OH], leuco-malachite 
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green [C6H5CH[C6H4N(CH3)2]2 and methyl orange were purchased from the Sigma-
Aldrich Corporation and used without any further purification. 

 The stock gel polymer solution of PVB was prepared by dissolving in a mixture 
solvents incuding 2-ethoxy ethanol and 2-methoxy ethanol in a ratio of  50:50. The 
additives such as N,N-dimethyl formamide and 1-butanol were added in the system to 
control the viscosity of solution as well as the vaporation rate of solvents during drying 
later. 

The mixture solution owns yellow color of orange methyl. The self adhesive 
paper was selected as base sheet for coating and preparation of stick-on label  dose 
indicators. The dose indicators were made by cutting the coated sheet in to round pieces 
of  9mm in diameter.        

 2.2. Irradiation and analysis 
Irradiation of samples was carried out using  gamma  60Co source having 

radioactivity of 6.3 TBq. The absorbed dose rate at irradiation position was measured to 
be 0.72 kGy/h using reference standard Fricke dosimeter. The radiation induced color 
change of the indicators is mostly identified visually, however, the grade or tone of 
color could be estimated by a spectrophotometor or densitometer.       

3. Results and discussion 
Fig.1 shows the samples of indicators made of PVB film coated on the adhesive 

paper,  irradiated at different dose from 0 – 7 kGy. It is seen that, the color change from 
yellow to green occurs early at dose 2 kGy. This means that the sensitivity of indicators 
has been improved by adding a small amount of CCl4.    

 

                                                                                
 
             0 kGy            2 kGy             3 kGy              5 kGy             7 kGy            10 kGy 
  
              Fig. 1: Indicator  changes color at different dose levels  of gamma rays 
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Fig. 2: The dependence of optical absorbance of indicator film upon the dose 

in the effect of sensitizer. 
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Fig 2 shows the effect of sensitizer on the sensitivity of indicator to gamma rays. 

The sample with higher concentration of CCl4 added has higher absorbance at the same 
dose level and becomes saturated earlier than the sample with smaller sensitizer added.     

Fig 3 shows the effect of sensitive additive on the stability of indicator. The 
figure indicates that if the amount of CCl4 exceed 5 ml and without stabilizer added it 
may cause the samples severely unstable. The color of samples may change into green 
under normal conditions in a short time after manufactured. 
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Fig. 3: The effect of sensitizer (CCl4) on the stability of indicators 
     

The unstability of samples may be improved by using several stabilizers 
naamely the antioxidant and UV-cut additives. The authors found that in combibnation 
with di(nonylphenyl)  isophthalate [dinonyl phthalate –C6H4(COOC9H19)2] the stability 
of samples before irradiation has been  much improved.  Fig 4 shows the color change 
of the indicators kept in different conditions of light. It is clear that, the samples kept in 
the dark the yellow color does change for 9 months.  
                   
 
 
 
 
 

a)  9 months in dark       b) 1 month under neon light     c) 3 weeks  under day light 
 

Fig. 4: The appearance of new indicators kept in the different light conditions 
 

The samples kept in the conditions of laboratory  with neon-electric lights the 
yellow color changes to just slight green after three weeks. This indicates that the 
stability of dosimeters have been improved in comparison with the previous one. 



VAEC-AR 07--15 
 

The Annual Report for 2007, VAEC 
 

106

 

IV. Conclusion  

 The indicator based on the polyvinyl butyral dyed with leuco-malachite green 
and metyl orange were was produced  with enhanced sensitivity and stability. The 
indicator has been improved by adding a small amount of additives such as CCl4 in 
combination with di(nonylphenyl) isophthalate [dinonyl phthalate–C6H4(COOC9H19)2 ]. 

 The indicators change their color from orange to greenish when irradiated with 
gamma rays or electrons to dose just start at 2 kGy and continue to develop to deep-
green upon the increase of dose to 7 kGy. This makes the indicators useful for the dose  
range of food irradiation application, especially in treatment food products and 
medicinal herb products for elimination of micro-organism in dose range 3-5 kGy.  

The orange color before irradiation keep well stable for as long as 20 months  
under dark shield conditions in laboratory. The green after irradiation was maintained 
more than 12 months in pratical conditions of products. The indicator can be produced 
in big amount to supply to the irradiation facilities in Vietnam instead of imported 
devices. 
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