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Abstract— In the present work ayurvedic drug Tamra bhasma (TB) of different brands were procured, the pellets of different 

thickness of TB was prepared, by employing the non destructive technique, X-ray mass attenuation coefficients of Tamra 

bhasma have been measured using the variable energy X-ray source  Am
241

 as a source of  characteristic X-rays of low energy 

(17.781, 22.581, 32.890  and 44.216 keV). These X-rays were used for interaction process with the sample (Tamra bhasma) 

and incident and transmitted photons are collected by a NaI(Tl) scintillation X-ray detector. The mass attenuation coefficients 

values are determined by following all procedure such as counting times, background intensities, error involved in counting 

statistics and good geometry is maintained for the counting of photon beams. The experimentally obtained values are compared 

with the theoretically calculated values, using the WinXcom data program. From obtained results, it reveals that, the variation 

in percentage deviation (PD) of experimental and theoretical calculated values of mass attenuation coefficient corresponds to 

the amount of bioenhancers, incorporated in Tamra bhasma during preparation process. Here variation in percentage deviation 

reflects drugs as the admixture of elements other than the pharmaceutical active ingredients (here in Tamra bhasma Cu is the 

Active Pharmaceutical Ingredient) which focuses on the purity and also change in quality of medicines. 
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I.  INTRODUCTION  

The use of photon interaction has been increased in various 

fields like medical, agriculture, industry, defense, radiation 

shielding etc, hence the knowledge of absorption and 

scattering of X-ray/gamma-ray has become a necessary and 

important field of research [1] The accurate value of 

attenuation coefficient of X-ray or γ-rays in various different 

materials are necessary for many fields, like biological, 

medical, agricultural, environmental and industrial field, etc.,  

the parameter mass attenuation coefficient (symbolically 

indicated as µ/ρ) is important in determining the radiation 

parameters like effective atomic number, mass energy 

absorption coefficient, total electronic cross section, total 

atomic cross-section, molecular cross-section, X-ray 

fluorescence, etc. The knowledge of physical parameter such 

as mass attenuation coefficient (µ/ρ in cm2/g) is useful in 

understanding physical properties of any element and 

material in compound form for characterizing the sample. In 

the literature review there are  number of works are available 

on both experimental and theoretical Mass attenuation 

coefficient (µ/ρ) of X-ray or γ-rays [2-4]. Hubbell (1982) [5] 

has published the data tables of mass attenuation coefficients 

and mass energy-absorption coefficients for photon energy 

ranging from 1keV to 20 MeV for 40 elements,  45 mixtures 

and compounds of  Z=1 to 92. The XCOM program (1987), 

for calculation of theoretical mass attenuation coefficient 

(µ/ρ) developed by Berger and Hubbell [6], was modified as 

WinXcom by the author Gerward [7,8] and now WinXcom 

programme have been used by every researchers for 

theoretical calculation of X-ray attenuation coefficients and 

interaction cross sections in materials [9]. By following 

earlier research work, we have conducted the work on 

analysis of the ayurvedic medicine Tamra bhasma from 

different brands, by measuring the mass attenuation 

coefficient experimentally and calculating the theoretical 

values for comparison and validating the experimental 

values, to get the information on purity of Tamra bhasmas. 

No literature is found on mass attenuation coefficient of 

ayurvedic bhasmas, since for the first time the work is 

carried out by using the low energy X-rays by the help of 

NaI(Tl) scintillation detector.  

II. RELATED WORK  

The experimental method for an accurate measurement of 

mass attenuation coefficient was earlier developed [10] and 
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concluded that the best values of µ/ρ can be obtained by 

thickness which lie in the transmission (T) range 0.5 ≥ T ≥ 

0.25. By measuring the X-ray mass attenuation coefficient at 

different energy,  effective atomic and electron numbers, and 

atomic and electronic cross sections in Ti, Ni, and their 

alloys have been calculated [11]  Mass attenuation 

coefficient for some natural minerals quartz (1101), Quartz 

(1100), Quartz (0001), Orthoclase (010), Orthoclase (100), 

Gypsum, Pyrite, and Pyroxene at 22.1, 25.0, 59.5, and 88.0 

keV Photon energies have been experimentally measured and 

compared theoretically with WinXcom data [12] and shown 

that the µ/ρ can change with variation in atomic number and 

electronic number for different compositions alloys. 

Diagnostic point of view by  the mass attenuation coefficient, 

effective atomic number and electron density of dosimetric 

material had been calculated [13]. We have reported earlier 

mass attenuation coefficient of mono and disaccharides for 

photons in the energy range of 5-15 keV  [14]  and also for 

ten different mono (Glucose, fructose, mannose) and 

disaccharides (Sucrose, lactose and maltose) in the energy 

range from  8 to 32 keV incident photon energy  [15]  using 

NaI(Tl) scintillation detector also measured the mass 

attenuation coefficients in medicinal plants in low energy 

range 8-32 keV revealing that the method used helps in 

determining the uniformity of elemental content of samples 

from different regions [16,17].  The extensive study on an 

effective atomic number in composite materials of a known 

composition such as bronze, brass, Perspex, soldering 

material, Bakelite and rare earth samples as lead-tin alloys by 

various researchers were reported, using mass attenuation 

coefficient as primary data [18,19]. In biological and 

geological samples mass attenuation coefficient have been 

determined experimentally and reported the difference in 

attenuation properties of samples, a difference of 47% for 

plants samples and 22% of a difference in animal tissues, in 

the 7-12 keV energy range [20]. X-rays mass attenuation 

coefficient for different barite concrete used in radiation 

protection as shielding against ionizing radiation was 

measured, and reflected the light on the difference in the 

experimental and theoretical values of mass attenuation 

coefficients, due to the variations in the chemical 

composition of the samples and the trait of the mixing rule 

[21]. Experimentally, the radiation parameter such as mass 

attenuation coefficient, total attenuation cross section, total 

electronic cross section, mass energy absorption coefficient 

and CT number are evaluated at 81, 122, 356 and 511 keV, 

gamma photon energy for studying the energy dependence of 

radiation interaction parameters of some organic compounds 

[22]. One of the author said that we should have the 

knowledge of X-ray production cross section, in order to get 

the exact quantity of element[23]  

In the literature, no experimental data is available on the 

study of herbo-mineral compounds or Ayurvedic bhasmas 

medicines/drugs materials. Further, also the quality test of 

the medicinal drug is usually carried out by destructive 

testing method but as such, no literature data is available for 

test the quality of the drug by non-destructing methods.  The 

purpose of the present study is to determine the X-ray mass 

attenuation coefficient of „Tamra bhasma(TB)‟ an Ayurvedic 

drug in the low energy region 17.781, 22.581, 32.890 and 

44.216 keV using transmission method and compared data 

theoretically through the program WinXcom. Hence, the 

present work describes experimental determination of Mass 

attenuation coefficient of X-rays, using NaI(Tl) Scintillation 

detector following the procedures set by Creagh and Hubbell 

[22] by selecting ayurvedic medicine Tamra Bhasma (TB) of 

four brands, as attenuating  material. Tamra bhasma is a 

preparation of Copper (Cu) and some herbal ingredient 

resulting a smooth and fine powder.  By using the 

determined mass attenuation coefficient values the quality of 

the drug is tested and analyzed for the implication values. 

        The selected Tamra Bhasma is useful in treatment of 

various diseases; it is used in the treatment of Anemia, loss 

of appetite, acidity as per the Baidyanth brand manufacture 

(BTB). And in the treatment of Abdominal disorders, ascites, 

edema and respiratory disorders as per Patanjali manufacture 

(PTB) and by the Vyas brand product (VTB) it is consumed 

in case of having problem with Hichki (Hiccups), Aamatisar 

(Diarrhoea), Yakratvikar (Liver disorder), Visham jwar 

(Chronic fever), Aamlapitt (Hyperacidity) and lastly 

Dhootapapeshwar brand (DTB) product has mentioned as per 

direction of physician on Tamra bhasma pack/box.  

       To get information of mass attenuation coefficient values 

of Ayurvedic drug sample Tamra bhasma(TB), at low photon 

energy, and for comparative analysis of the purity of TB,s the 

present work has been carried out 

III. MATERIALS AND METHODS 

Experimental Details 

When X-rays or photons interact with matter its intensity 

progressively decreases, due to absorption and scattering of 

primary photon in the material media. When a beam of 

mono-energetic photons intensity Io interacts or penetrates 

through an absorbing material of thickness „x‟ and density 

„ρ‟ respectively, than reduces the intensity as „I‟. The process 

can be mathematically expressed by Beer-Lambert‟s law as 

below 
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The equation is rewritten as 

                            












oI

I

x
ln

1



                       (2)                    
  
                                        

Where, I/Io give the transmission fraction of intensity for the 

applied incident photon energy, (µ/ρ) is the mass attenuation 

coefficient for element under consideration.  For any 

compound or homogeneous mixture the X-ray mass 

attenuation coefficient (µ/ρ) is estimated by Bragg‟s 
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additivity law or it is also known as mixture rule, is 

mathematically written as           
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                                  (3)                                              

        (µ/ρ)i  is the mass attenuation coefficient of the i
th

 

element  in unit of cm
2
/gm and ωi is the fraction by weight of 

the i
th

 element in mg. 

 

        In the present study, four different brands Tamra 

Bhasam were purchased and their details are mentioned in 

table 1.  

        The x-ray spectrometer i.e., NaI(Tl) detector was 

calibrated using the variable energy X-ray source and 

standardization method is adopted as described [10]  to 

determine the mass attenuation coefficient (μ/ρ) of X-rays. 

The good geometry experimental setup used here is shown in 

figure 1 and is similar to the one described by us earlier in 

the literature [24].  

The experiment for determining mass attenuation coefficient 

is carried out by using variable energy X-Ray (VEX) source 

Am
241

 (10 mCi) as the main source of excitation radiation 

with four different targets (Mo, Ag, Ba, and Tb) for 

producing the fluorescent X-Rays with characteristic 

energies 17.781, 22.581, 32.890 and 44.216 keV 

respectively. The Block diagram of the experimental setup is 

shown in Figure 1. Photons from variable energy X-Ray 

source (S), passed through the Collimator (C1) and were 

incident on the specimen (A) under examination kept normal 

to incident photon beam, then the beam transmits through the 

second collimator (C2) and reaches the NaI(Tl) X-ray 

detector (D).  A bicron-made integrated assembly of 25mm 

dia x 4 mm thick NaI(Tl) scintillation detector is mounted on 

a photomultiplier tube (PMT) served as the x-ray detector. 

Oxford model PCAP plus PC plug-in single PCI card, had on 

board high voltage supply, pre-amplifier, amplifier, and 1k 

ADC.  The detectors parameters were set through the PC 

control mechanism.  The transmitted photon spectrum was 

recorded with the help of a PC based Multi-channel analyzer 

(MCA) using the OXWIN MCA software. Collimator C1 

and C2 collimate the incident and transmitted beams 

respectively. The spectrum recorded by Multichannel 

Analyzer (MCA) consist transmitted X-Rays and because of 

the poor energy resolution of the detector, the weighted 

average energy of Kα and Kβ  is estimated and compared with 

measured X-ray mass attenuation coefficients.  The mass 

attenuation coefficient is measured by selecting the photon 

intensity area under the peak i.e., FWHM is taken as 

transmitted photo peak since it is the average weighted 

energy of Kα and Kβ energies.  The spectrometer is 

standardized for the standard elements like Magnesium (Mg), 

Aluminium (Al), Copper(Cu) and lead (Pb) element. After 

the standardization of spectrometer study samples tamra 

bhasma were used and obtained experimental results of  mass 

attenuation coefficient of samples (Tamra Bhasma) are 

presented in Table 2.   

IV. RESULTS AND DISCUSSION 

The mass attenuation coefficient values for the pure elements 

were measured experimentally and theoretically and 

presented in the Table 1 which shows a good agreement 

between the theoretical values and experimental values.  The 

method adopted for the measurement of attenuation 

coefficients, for photon intensity, is selected under the 

FWHM of the photo peak and Shapiro(1948) counting 

statistics is maintained [25], the sample is kept mid way 

between the detector and source, the conditions of Creagh 

and Hubbell (1987) [26] and also M Nagabhushan [24] 

conditions are adopted.  Hence the results are agreeing within 

2% with the theoretical values taken from WINXCOM 

values, which shows the method adopted is accurate and 

gives good results and can be adopted for any materials for 

the determination of mass attenuation coefficient values.  So, 

this method is applied to determine the mass attenuation 

coefficients of Ayurvedic Drugs.  The experimental values of 

„µ/ρ‟ were obtained by obeying the Beer-Lambert‟s law 

using the transmitted intensity of incident photon, and the 

slope or inclination of the plot of neperian logarithm (ln) of 

transmitted intensity (I/Io) as a function of Photon energy, 

gives mass attenuation coefficient (µ/ρ) of X-rays [20] thus 

the attenuation coefficients were calculated by the method of 

least squares fit. 

 Experimentally determined mass attenuation 

coefficient values for four brand Tamra bhasma (TB), viz., 

Baidyanth Tamra bhasma (BTB), Dhootapapeshwar Tamra 

bhasma (DTB), Patanjali Tamra bhasma (PTB) and Vyas 

Tamra bhasma (VTB), presented in Table 2. In Table 2 first 

column represents sample code or brand name of Tamra 

bhasma, second column represents the X-ray/photon energy 

range used in experiment, third column indicates the 

experimental mass attenuation coefficient (µ/ρ) values with 

error obtained as experimental results under study, fourth 

column indicates the theoretical values of mass attenuation 

coefficient calculated by WinXcom program for comparison 

of the experimental results. The fifth column represents the 

Percentage Deviation (PD) between theoretical and 

experimental (µ/ρ) values.  The PD varies from 18 to 86 % 

which gives the information about the experimental values 

have deviated from the theoretical values 

             For good agreement between experimental and 

theoretical values about 4% of PD is acceptable, such as, 

about 1-2% of uncertainty involves in theoretical values, 

since the reproducibility of experimental values is within 2% 

and about 2% of error is due to contribution from the 

counting statistics, aerial density, thickness measurements 

are taken in account, but above 4% of PD should be 

considered as disagreement between theoretical and 

experimental values. From Table 2, PD is varying from 33-
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83% in low energy region, and 49-86% in high energy 

region, in the present work PD occurred  is more than 4%,  

here µ/ρ values by WinXCom program are due to outcome of 

active drug component ie., it is copper (Cu)  in TB, which is 

known as active pharmaceutical ingredient (API), whereas 

the experimental (µ/ρ) values are resultant of overall 

constituents  in the drug Tamra bhasma (TB), i.e., in 

Ayurveda pharmacopeia, bioenhancers are the substances 

commonly included in the drug formulations in order to 

enhance the bioavailability of drugs [27]. Drug or nutrient in 

combination with a bioenhancers substance provides more 

availability of drug thereby reducing the amount of active 

molecule that is required by drug [28].  

 

In present work from our experimental results, values in 

Table 2, reveals the least value of PD corresponds to less 

amount of bioenhancers/enhancers incorporated in 

drug/bhasma (means in Tamra bhasma along with 

copper/Tamra other elements are incorporated) preparation 

or Small PD indicates the drug is having Active 

Pharmaceutical Ingredient in significant amount and very 

less quantity of inactive pharmaceutical ingredient or 

bioenhancers. And highest value of PD indicates the higher 

amount of bioenhancers added in drug/bhasma preparation. 

So from present study, it reveals that the Dhootapapeshwar 

Tamra bhasma (DTB) has the lesser bioenhancers with the 

active pharmaceutical ingredient or drug/nutrient (Cu). And 

the Patanjali Tamra bhasma (PTB) has the highest value of 

bioenhancers with drug/nutrient (Cu). Therefore the variation 

in experimental mass attenuation coefficient can be because 

of the bioenhancers present in Tamra bhasma in all brands, 

which affects on the change in the quality of drug/bhasma 

from one manufacturer to other manufacture, thus it impacts 

on the purity and quality of bhasma or medicine. Thus 

Ayurvedic drugs or bhasmas of any element such as Cu, Fe, 

and Sn are made of admixtures of herbs and minerals in 

varying proportions.  They incorporates with some low z 

elements such as H, C, O, and N as drug (as inactive 

ingredient components) and acts as an accelerator for 

ingestion of the medicine. Hence PD is found to be different 

in Tamra Bhasma prepared by different manufacturers.  The 

present work tells that the quality and purity of the drug can 

be checked by knowing the mass attenuation coefficient 

values of the bhasmas by comparing different brand samples. 

 

V. CONCLUSION AND FUTURE SCOPE  

It has been noticed that the experimental mass attenuation 

coefficient of ayurvedic Tamra bhasma measured at low 

photon energies are smaller than the theoretical values for all 

the four brand Tamra bhasma. The present work has been 

undertaken, to get the information about the purity of the drug 

tamra bhasma from different manufacturer, through the 

obtained percentage deviation values, one can predict the 

purity of any sample, a non destructive method adopted here 

to measure the µ/ρ is very efficient technique to measure the 

µ/ρ value accurately. Present work point out that, the non-

destructive technique is effective tool in drug analysis. To our 

best knowledge the experimental µ/ρ values for herbo                                                                                                                                                                                                                      

-mineral formulations/ Ayurvedic medicines are not available 

in the literature. This work points out here about the extent 

purity of elemental content of the ayurvedic medicines,  

further work is needed in order to know, the complete 

characterization of the Ayurvedic/Herbo-mineral bhasma. It 

is worthy to emphasize here that by using the adopted method 

one can accurately measure µ/ρ for any material even with a 

low-resolution detector and can predict the purity of 

compounds or samples. 
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