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ABSTRACT

Vitamins are essential nutrients to the body needs in small amount to work properly. The attenuation coefficient is
an important parameter for characterizing the penetration and diffusion of x-rays and gamma rays in biological
material. The measurement of mass, linear and mean free path of biological samples viz. thiamine, adenine,
pyridoxine and ascorbic acid in the energies 0.122, 0.356, 0.511, 0.662, 0.840, 1.170, 1.275, 1.330 MeV by using
Nal (Tl) scintillation detector. The measured values of mass, linear attenuation coefficient and mean free path
showed good agreement with theoretical values.
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INTRODUCTION

Investigation of radiation effect on biologicallgnportant molecules (Hydrogen, Carbon, Nitrogen @xygen
based compound) find important immense applicatiorthe field of medical physics and radiation bipo
Depending quantity of radiation absorbed by thdogjcal matter, the extent of low doses are sudfitito modify
and inactive the biomolecules. The absorbed dossnismportant radiation quantity is defined as #mergy
absorbed per unit mass of matter with which radieiinteracts, and its accurate measurement is tatahany
application of radiation [1]. The attenuation cogéint () is a basic quantity used in calculation of thagietion
of material by quantum particles or other energgnbe The attenuation coefficient is also calleddincoefficient
or absorption coefficient. It depends only on thetpn energy (E) and atomic number (Z) of an elémBme mass-
attenuation coefficients of elements, molecules @uaterials are widely used in plasma physics, desynspace
physics and many other applications in radiationligts [2,3]. Photons of energy range from 0.1 &MEV are used
in medical and biological application [4]. In reteyear several researcher studies have been perdonm
understand the nature of interaction of attenuatmefficient of biological important molecule [5/68]. Theoretical
values for the mass attenuation coefficients cafobed in the tabulation [3]. A convenient alteimatto manual
calculations using tabulated data is to generaémaation data as needed using a computer. Foptingose Win-
Xcom software for calculating mass attenuation ficehts or photon interaction cross-sections foy alement
compound for a wide range of energies .In this weekmeasured the mass and linear attenuation cieeffiand
mean free path for H, C, N and O based vitaminsh&n energy range 122 keV to 1330 keV compared these
experimentally evaluated parameters with theorggi$Vin-Xcom program [9].

The theoretical and practical valuegugf pand mfp obtained are found to be in good agreemihttheory.
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Theory:

In this section we summarize the theoretical refatirelated to mass attenuation coefficients ahdrgtarameters
dependent on it. If in the path of a beam of gamaakations a matter is placed, then the intendithe beam will
be attenuated according to the Beer-Lambert thevattenuation of gamma rays in a medium is expkby

| =1, e *! (1)

Where, } and | are the initial and final intensities ofdrdcting photons respectively. is linear attenuation
coefficient of the sample decreases exponentialt) tais the thickness of a material. From equaibnthe linear
attenuation coefficienyd) is given by

1, (lo
ﬂ—;'n(l—j 2)

Where, In(}/1) is the absorbance depends on the concentratidiength of the sample. By introducing density of
the material in above Equation (2) the mass att@naoefficientq/p (cnf g*) for a sample is given by

U = E (cngm‘l) = %In(ll—oj ®)

Where, the density, is calculated for material and express in the fofrfg/cn?).

The mean free path is the average distance a gaayrteavels in the absorber before interacting. fdogprocal of
the attenuation coefficient has units of length enoften called mean free path.

- 1
mean free path X =—Cm ()
U

Experiment Setup:

In this experiment to measure the incident andstratied photon energies were done with the helpeofical
narrow beam geometry set up. Fig.1 gives the sctiemigw of the experimental set up. The author soeed
linear attenuation coefficient of vitamin samplé®|B,, Bs;, Bg¢ and C at different photon energies 122, 356, 511,
662, 840, 1170, 1275 and 1330 keV by using Nalgtintillation detector. The diameter of the colltorais
1.18cm.The vitamin samples of required thicknessevwpeepared in the form of 1cm diameter cylindrjpellets by
pressing the weighed quantity of the finely groymavder in a hand operated hydraulic press. Eactpleapellet
was weighed in a sensitive digital balance haviogueacy 0.001 mg. The weighing was repeated setiara to
obtain consistent value of the mass. The meani®ktt of values was taken to be the mass of timplsa By using
the diameter of the pellet and mean value of thesnud the pellet, the mass per unit area was detedrin each
case. The sample thicknesses were selected in trdatisfy the following ideal condition as far @sssible [11].
Thickness of absorber was increased by placingetsetbne by one between the source and the detddier.
diameters of the samples were determined with &t &f a traveling microscope. The pellets of umifahickness
placed below the source at a distance of 12.3cm @@dm above the detector. The sodium iodide datect
connected to PC based 8k-MCA. We measured massuatien coefficient for vitamin samples at eighiofun
energies by using six standard gamma sourcd 8d*® N&?, Cs*’, Mn®*and C&°. The measured mass and linear
attenuation coefficients have been compared withvilues calculated based data [10].
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Fig. 1 The schematic view of the experimental set up

Table 1. Mass attenuation coefficient wp (cm? g) of vitamins

. Thiamine Adenine Pyridoxine Ascor bic acid
Sr-No. | Source | Energyin kev Expt. | Theo. | Expt. | Theo. | Expt. | Theo. | Expt. | Theo.
1 Co”’ 122 0.161] 0.164d 0.15p 0.190 0.155 0.154 0.154 20|15
2 Bd* 356 0.104] 0.109 0.102 0.143 0.1p8 0.106 0.105 4010
3 Net? 511 0.090/ 0.091 0.091 0.090 0.0p0 0.089 0.p88 70|08
4 [ 662 0.083] 0.081 0.082 0.0§1 0.0B0 0.079 0.079 80|07
5 M 840 0.077/ 0.074 0.078 0.072 0.0f5 0.073 0.p77 50/07
6 Cd° 1170 0.061| 0.064 0.06p 0.061 0.0f1 0.070 0.p71 690|0
7 Na* 127¢ 0.06( | 0.05¢ | 0.05¢ | 0.05¢ | 0.06€ | 0.06¢ | 0.06¢ | 0.06:
8 CJ° 1330 0.057| 0.054 0.058 0.047 0.060 0.058 0.p56 550|0
Table 2. Linear attenuation coefficient p(cm™) of vitamins
. Thiamine Adenine Pyridoxine Ascorbic acid
Sr-No. | Source | Energyin kev Expt. | Theo. | Expt. | Theo. | Expt. | Theo. | Expt. | Theo.
1 Co’ 122 0.230/ 0.229 0.2483 0.240 0.2010 0.208 0.801 70/29
2 Bad™ 356 0.149] 0.150 0.168 0.165 0.146 0.143 0005 30J20
3 Ne“ 511 0.129] 0.13d 0.146 0.144 0.1p2 0.120 0.172 00[17
4 [ 662 0.119] 0.114 0.131 0.129 0.1p8 0.107 0.154 2015
5 Mn** 840 0.110/ 0.109 0.11f 0.115 0.1p1 0.099 0.150 70|14
6 [ 1170 0.087| 0.084 0.09p 0.098 0.0p6 0.095 0.139 350|1
7 Nt 1275 0.086] 0.084 0.094 0.093 0.0B9 0.087 0.125 210}1
8 CJ° 1330 0.082| 0.083 0.098 0.091 0.0B1 0.078 0.109 070|1
Table 3. Mean free path of 1/u (cm) of vitamins
. , _ Thiamine Adenine Pyridoxine Ascorbic acid
Sr-No. | Source|  Energy in ke Expt. Theo. Expt. Theo. Expt. Theq. Expt. Theo.
1 Cc”’ 127 434¢| 4371 4.11:| 4167 | 4.76¢| 4.79¢ | 3.32¢ | 3.367
2 Ba™ 356 6.725| 6.663 6.12f 6.088 6.844 6.973 4.874 14]92
3 Ne 511 7770 7.68§ 6.868 6944 8.212 8.304 5816 25|88
4 Ccs¥ 662 8.432| 8.63§ 7.622 7.798 9.2B9 9.356 6.478 16|56
5 Mn** 840 9.083] 9.20§ 856p 8711 9.855 10.125 6.546 246|8
6 Cd° 1170 11.468/ 11.287 10.081 10.2p4 10.410 10.559 087/27.417
7 Na* 127¢ 11.65¢ | 11.86: | 10.59: | 10.77¢ | 11.19¢ | 11.54¢ | 7.99¢ | 8.25¢
8 Cd° 1330 12.270| 12.063 10.776 10.95 12.318 12.743 399/19.305
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Fig. 2 Plot of mass attenuation coefficient (um) ver ses photon energy for Adenine
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Fig. 3 Plot of mean free path (cm) ver ses photon energy for Adenine

RESULTSAND DISCUSSION

In the interaction of photons with matigf values are dependent on the physical and chemiw@oaments of the
samples. The mass attenuation coefficignt(cn/g) for the vitamins like thiamine, adenine, pynite and
ascorbic acid at 122, 356, 511, 662, 840, 11705 W 1330keV photon energies have been calculdtednass
attenuation coefficientu(,) values were found to decrease with increasinggshenergy given in table 1 and
variation given in fig. 2. The mean free path irees with increases in the energy of photons aockdses with
increasing the atomic number given in table 3 aadation given in fig 3. Theoretical and experinantalues of
Hm, pand 1firespectively and are found to be in good agreemihttheory.
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