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ONO SODIUM GLUTAMATE powder and rods (3x 10 

mm) were studied to be a radiation sensitive material for 

ESR dosimetry. Samples were irradiated with 
60

Co
 
γ- rays. The 

developed signal after irradiation increases with the increase of 

the mono sodium glutamate in the rods. The prepared powder 

can be used in the dose range from (10-90) kGy, whereas the 

rods are useful in the range from (10-120) kGy. The obtained 

number of free radicals per 100ev (G value) was found to be 

0.201± 0.01. The g factor is 2.0113± 0.0001. The rods have the 

advantage of negligible humidity effects during irradiation. The 

pre and post irradiation stability was found to be satisfactory. 

Keywords: Mono sodium glutamate, Electron paramagnetic 

resonance, Radiation dosimetry.  

Ionising radiation (gamma rays form 
60

Co and 
137

Cs sources, x-ray and electron 

beam) has been used for a long time in order to sterilize medical devices to 

improve hygienic quality of food (Gancheva et al., 2006) or for sterilization of 

drugs and cosmetics (Regulla and Deffner, 1983 and Talbi et al., 2004). Electron 

paramagnetic resonance (EPR) was proposed as a method to measure radiation 

induced radicals. One of the advantages of EPR dosimetry is that the readout does 

not affect the spin concentration; the sample can be evaluated many times. 

Therefore, the signal to noise ratio (S/N) can be improved by repeated reading of 

the sample (IKeya, 1993). The Application of EPR to radiation dosimetry yields 

several materials such as tissue equivalent alanine, which is convenient for use in 

transfer dosimetry at high and intermediate dose. Efforts to use EPR dosimetry in 

health physics have resulted in a minimum detectable dose of 10mGy (Nakajima, 

1988, Nakajima, 1995 and Nakajima et al 1990). Lithium lactate was used to 

measure the low dose from 0.1 to 10 Gy by applying a modulation field of 0.25 

mT and using a sharp signal of g= 2.0035 (Hassan and Ikeya, 1997). A high 

modulation field of 1 mtT was used to measure intermediate and high dose by 

using the quartet signal of Li-lactate (Hassan et al., 1998).      
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A number of solid materials, including amino acids, in which free radical 

populations are formed by irradiation, have been suggested for high dose 

dosimetry by EPR analysis. A useful method of high dose measured is the use 

of ESR spectroscopy of irradiated amino acids, in particular L-alanin, 

CH3CH(NH2).COOH purified in polycrystalline form (Bermann et al., 1970, 

Beshir et al., 2012, Bradshow et al., 1962 and Regulla and Deffner, 1982). Poly 

(methylmetacrilate)-maghemite (PMMA-gamma-Fe2O3) hybrid material was 

studied by the electron stimulated ion desorption techniques coupled with time-

of-flight mass spectrometry (TOF/MS) and theoretical investigation about its 

fragmentation were carried out (Rocha et al., 2014). The objective of the 

present study is preparation of a new EPR routine dosimeter by simple 

technique in the laboratory by mixing mono sodium glutamate with both vinyl 

acetate co-polymer and paraffin wax. The radiation induced radical in glutamate 

powder and rods were investigated from dosimetric point of view. 

Experimental 

Materials 

Mono sodium glutamate H2o with molecular formula C5H8NNaO4. H2O.   

M. wt 187.13 ,melting point 232
o
C, water solubility ≥ 10g/100 ml at 200

 o
C as 

well as melt stick adhesive based on ethylene vinyl acetate copolymer (Tec-

Bond32/12, Power Adhesives Limited, England) and paraffin wax (congealing 

point 65-71°C, BHD) were selected as binding materials for mono sodium 

glutamate rod preparation. This binder was previously selected in preparation of 

alanine/EPR rods (3x 10mm) for high dose radiation dosimetry in the range     

1-125 kGy (Abdel-Fattah et al., 2004).  

 

 

     

                                             

 

H2O 

 

Fig.1. Structure formula of monosodium glutamate. 
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Preparation of mono sodium glutamate rods 

An equal weight mixture of paraffin wax and Ethylene Vinyl acetate 

(EVA) co-polymer was melt at 85-95
o
C in a water bath 5, 10, 20 and 40% fine 

powdered mono sodium glutamate was added to the hot mixture solution and 

completely mixed by mechanical stirrer for about 15min at the same 

temperature to obtain homogeneous mixture and then sucked into polypropylene 

tubes (inner diameter 3mm) and was left to solidify by cooling. Mono sodium 

glutamate mixture rod was obtained by removing the poly propylene tube then 

cut into rods (3x 10mm) the average mass of prepared rods was found           

0.08g± 0.002. It was found that, the use of EVA/paraffin as a binder did not show 

any interference or noise in the EPR signal before and after irradiation by our 

investigation. 

Irradiation of the prepared sample 

60
Co irradiation facility was used for Irradiation of the powder and the 

prepared rods. The absorbed dose rate was about 3.0639 kGy/h overall the time 

of the experimental part. Three rods of monosodium glutamate for each dose 

point were irradiated together at the central position of gamma cell using a 

specially designed holder made from polystyrene to ensure electronic 

equilibrium. Samples were irradiated at various absorbed doses from (10-120 

kGy) to establish the response curve. 

EPR measurements 

EPR spectra of unirradiated and irradiated mono sodium glutamate were 

recorded at ambient temperature with a Bruker EMX spectrometer (X-band); 

product of Bruker, Germany the cavity used was the standered Bruker ER 4102 

rectangular cavity. The operating conditions for the EPR spectrometer were as 

follow: microwave frequency: 9070GHz; microwave power 0.796mV; 

modulation frequency 100 kHz; modulation amplitude 5 Gauss; time constant: 

81.92 ms; sweep time: 20.97 s/scan. The bottom of the EPR tube was adjusted 

at a fixed position to ensure reproducible and accurate positioning of the rods in 

the sensing zone of the cavity to obtain higher reproducibility and accuracy of 

the EPR results. The intensity of each irradiated rod dosimeter was recorded at 

two orientations in the EPR cavity (0
o
 and 90

o
) by changing the position of EPR 

tube in the cavity. In addition, all of SH reading was corrected to SH of the 

reference standard material (SHr) of 2, 2- diphenyl-1-picrylhydrazyl (DPPH).  
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The DPPH was measured before and after each series of measurements in 

the same rectangle cavity at the same identical measurement conditions in order 

to correct for change in the spectrophotometer sensitivity. After that, the dose 

response curve was established in terms of (SHs) divided by sample wt corrected 

by (SHr) as a function of absorbed dose, where corrected SH= SHs/ SHrx wt). 

Results and Discussion 

Spectral features 

Fig. 2. shows the EPR spectrum of irradiated mono sodium glutamate 

powder, shows sextet signal with g factor  2.0325± 0.0013 for S1, 2.02188± 

0.0019 for S2, 2.01135± 0.0009f or S3, 2.00533± 0.001 for S4, 1.9932± 0.0022 

for S5 and 1.9847± 0.001 for S6. The spectral line width= 90.7 gauess. S3 with 

the magnetic field 3459.18 gauss was chosen to perform all the work in this 

study due to its high sensitivity. 

 

 

 

 

 

 

 

 

 

 

Fig. 2. EPR spectrum of irradiated mono sodium glutamate powder irradiated at 

90 kGy. 

Power dependence 

Fig. 3. shows the microwave power dependence of the mono sodium 

glutamate signal intensity. The intensity of EPR signals increases in proportion 

to p
1/2

 up to high microwave power. Appropriate setting of power level is 

necessary for the EPR measurements. The signal intensity increases as a 

function of power up to 0.7969 mw without reaching saturation. 
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Fig. 3. Relationship between square root of microwave power (mw ½) and EPR 

signal intensity of gamma irradiated mono sodium glutamate. 

Effect of gamma radiation on mono sodium glutamate powder 

Fig. 4. represents the spectra of unirradiated and irradiated mono sodium 

glutamate. The powder wt is 0.1286 g and irradiated doses are 8, 20, 45, 70, 90 

kGy. From the figure it is clear that the signal intensity increases with the 

increase of irradiation dose without any change in its shape. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 4. ESR spectra of mono sodium glutamate powder at different doses. 
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It can be seen that no signal has detected for the unirradiated mono sodium 

glutamate. As we know, when ionizing radiation passes through a material it 

impart some of its energy to that material. The imparted energy may be high 

enough to cause a break in bonds inside the molecules or between molecules or 

both, in such cases, free radicals are created. Behaviour of radiation induced 

radicals may lead to further understanding of molecular interactions or 

molecular (radicals) dynamics, or may lead to a decision on the preference of a 

material for a specific applied from a dosimetric point of view. Also organic 

radicals are characteristic by large line- width which due to super-hyperfine 

interaction with nearby protons in neighbouring molecules (Lendzian, 2005). 

Fig. 5. represents the response curve of mono sodium glutamate powder in 

terms of peak to peak amplitude normalized to dosimeter mass (peak high/ 

mass) versus the absorbed dose. It can be seen that the radiation sensitivity of 

the mono sodium glutamate increases with the increase of the absorbed dose. 

This attributed to the increase in number of free radicals induced by radiation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Response curve of mono sodium glutamate powder at different doses. 

Short term decay of mono sodium glutamate powder 

0.0813 g of mono sodium glutamate powder was irradiated to a dose of 5 

kGy and fixed in cavity centre and measure for 5 h. Fig. 6. shows the obtained 

fading behaviour of the EPR signal. It can be seen that the free radicals 
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undergoes random orientation during the first 30min then tend to be stable after 

losing their extra energy until the end of the storage period. 

 

 

 

 

 

 

 

Fig. 6. Decay of EPR line of irradiated mono sodium glutamate powder at a dose 5 kGy. 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Post-irradiation stability of mono sodium glutamate powder to 25 kGy. 

Post irradiation stability of mono sodium glutamate powder 

0.1287g mono sodium glutamate was irradiated to a dose of 25kGy and 

measures the signal intensity at different time intervals of 60 days as in Fig. 7. 

The peak intensity value shows slight increase in the first 10 days and then 

tends to be stable to the end of the storage period.   
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Radiation sensitivity 

The efficiency of a dosimeter is expressed by a G-value i.e., the number of 

radicals or ions produced by the absorbed radiation per 100ev. The radical 

formation efficiency was determined by double integration of the first derivative 

spectra of DPPH and compared with those of irradiated materials. The absolute 

spin concentration was estimated according to Hassan et al. (2000) and Ikeya 

(1985) by using the following equation:- 

n=  =   6.25x10
13

. G(Gy
-1

g
-1

)   

where, Asample, Astrong pitch πstrong pich and m are the areas of integrated signals of 

sample and strong pich, number of spin in strong  pitch, number of spin in 

strong pitch and the mass of  sample, respectively. The G-value of the whole 

area was found to be 0.2019± 0.01.      

Effect of gamma radiation on mono sodium glutamate rods 

Four different concentrations of mono sodium glutamate namely 5, 10, 20, 

40% irradiated to a dose of 40kGy were shown in Fig. 8. from which it could be 

concluded that the peak intensity increases with the increase of mono sodium 

glutamate in the rods.  

 

 

 

 

 

 

  

 
 

 

 

Fig. 8. EPR spectra recorded for mono sodium glutamate rods of different 

concentrations irradiated to a dose of 40kGy.   
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Fig. 9. EPR spectra of mono sodium glutamate (20%) irradiated to 10, 20, 40, 60, 

80, 100 and 120 kGy.  

Fig.9. represents the EPR spectra of unirradiated and irradiated mono 

sodium glutamate rods (20%) were recorded at a series of absorbed doses 10, 

20, 40, 60, 80, 100, 120 kGy. From the Fig. 9. it can be seen that the EPR signal 

begins to develop upon irradiation and its amplitude increases with increasing 

absorbed dose of gamma ray photons without any change in its shape. 

Dose Response of Rods with different concentration of mono sodium glutamate 

Fig. 10. represents the response curves of 4 sets  of mono sodium 

glutamate (5, 10, 20,40%) to different  absorbed dose range from 5-120 kGy.  

 

 

 

 

 

 

 

Fig. 10. Dose response curve of irradiated different concentration of mono sodium 

glutamate rods. 
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The response curves obtained for the irradiated sample in terms of average 

peak to peak amplitude normalized to dosimeter mass (peak high/ mass) versus 

the absorbed dose. It can be seen that the radiation sensitivity increases with the 

increase of mono sodium glutamate in the rods. This increase is attributed to the 

increase of the free radicals induced by radiation.  

Post-irradiation stability at different storage conditions 

The EPR signal stability has been studied for three sets of mono sodium 

glutamate rods (20%) stored at different conditions (dark, light, and at 40
 o

C
 
). 

The stability was investigated as a relative to that value immediately after 

irradiation as shown in Fig. 11. The signal intensity decreases at the beginning 

of storage time then tends to be stable at the end.
 

Fig. 11. Relative peak to peak signal light as a function of storage time at different 

storage conditions (concentration 20%, dose 25 kGy). 

Humidity during irradiation 

The effect of relative humidity during irradiation on the response of mono  

sodium glutamate of 20% concentration was investigated by the irradiation of 

the rods to 25 kGy at different humidity values(0-95%). To establish the RH 

levels, the rods were suspended over various saturated salt solutions in tightly 

closed vials (Wexler and Hasegawa, 1954). The rods were stored before 
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irradiation at room temperature for a period of 72 h to maintain equilibrium 

moisture content in the rod during irradiation. Fig. 12. shows the variation of 

the EPR intensity as a function of relative humidity during irradiation relative to 

the response value at 33% relative humidity. It can be concluding that mono 

sodium glutamate rods have negligible humidity effect not exceed 5% in the 

range of humidity from0-100% 
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Fig. 12. Variation of the EPR response of mono sodium glutamate rods (conc. 

20%) as the function of relative humidity during irradiation (Absorb 

dose=25kGy). 

Conclusion 

From the presented data of the study, the following conclusion can be drawn: 

Mono sodium glutamate powder is a suitable dosimeter to a dose range 0-90 

kGy while mono sodium glutamate rods are 5-120 kGy. The dosimetric 

characteristic of rods containing different concentrations of mono sodium 

glutamate was recorded. The rods have significant EPR signal which develops 

upon irradiation and intensity of the signal increases upon the increase in 

irradiation dose. These rod dosimeters have insignificant dependence on the 

change of relative humidity during irradiation. It is recommended to calibrate 

these dosimeters at conditions of use of humidity value less than 60%. The 

properties of the prepared mono sodium glutamate rods suggest their useful 

application for food irradiation, medical and industrial application. This 
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dosimeters are fairly stable before and after irradiation and show little fading 

between5-10 % over 60 days storage period. 
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صةاستتتام الصاديتتتجلوجلصاتجكمنتتتملصجهعهتتتمعصدت   تتتوصا  تتت م ه

صبمسام الصاد نهنصادهغنمطهسىصادهغزدى

صسه هص ه صوصسهفصاد ونصاب اىهمصوص يهمءصصبحى

قسن الْقاية  ّ الرشاةاا اعاةياا،  ل الوشاةض ال ةْهو لوتةْو ّجيٌْلْش،ةا اعاةيا  

 هذيٌ  ًصش ل هصش. 92ص. ب : 

جن فٔ ُزا الوتث دساس  استخذام هادة الصْديْم شلْجاهاا الةٔ اةي  

سةةةةنا اوةةةةادة راا لساسةةةة،َ للةةةةشً،ي 3x01هسةةةةتْ  طّ ق وةةةةاى ق شُةةةةا  

ّ قةذ جوة،ي طى اةذة  01الوغٌاط،سٔ. جن جشي،ع ُزٍ الي،ٌاا بْاس   اليْبلة  

الوْشةةاا جضيةةذ بضيةةادة الرشاةةَ الووتصةةَ هةةي ااةةي  شاهةةا ّ جوةة،ي طى الوةةذٓ 

ا،لةْ شةشآ  21-01شلْجاهةاا يتةشاّم هةي لوستْ  الصْديْم الااياأ 

ا،لْ شةشآ  091-01ب،ٌوا ااً  ال ضواى لِا لساس،َ فٔ الوذٓ الااياأ 

ص ثن طيضا لساب الٌاجج الااياأ ّ الزٓ يئٌ اذد الشة ْ  التةشٍ الٌاجرةَ 

. بالاضةافَ الةٔ رشةشا   1س910اليتةشّى فْلة  ّ ّشةذ طى ق،وتِةا  011اي

لثواج،َ لِزٍ الوادٍ ّ التٔ جو،ي هٌِةا اًِةا لا جتة ثش بالشطْبةَ خة   اختواساا ا

    .التشي،ع  ّ طيضا جتوتع بثواج،َ اال،َ قو  ّ بيذ التشي،ع

                                 

              

 


