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ABSTRACT

The total attenuation coefficients,ppdf some biologically important vitamins containiHg C,

N and O have been studied as a function of weigdttibn of constituent elements. A
considerable change in puis seen only in low energy region whereas no chasgobserved
with the increasing percentage of constituent etgménydrogen, carbon, oxygen and nitrogen)
in high energy region up to 1500 keV.
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INTRODUCTION

Data on thdransmission and absorption of x-rays and gamma irapiological, shielding and
dosimetric materials assume great significanceitiyier of their diverse applications in the field
of medical physics and radiation biology.Hydrogearbon, nitrogen and oxygen are major
constituent elements of the building blocks of céwjmirates, proteins, lipids, enzymes, vitamins
and harmones. Photons of energy from 1500keV dovabbout SkeV are widely used in medical
and biological applications [Therefore, a thorough knowledge of the nature tdraction of
biologically important complex molecules such asbohydrates, proteins, lipids, enzymes,
vitamins and harmones is desirable over the enexgipn 5-1500 keV. In recent years, several
investigators have studied the nature of interaatifosuch biologically important molecules with
photons in this energy regirfiz8].

The penetration and diffusion of radiation in bocgn be characterized by the study of a

parameter namely photon attenuation coefficient.lafge number of photon attenuation
measurements and calculations have been made fferedt materials and the attenuation
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coefficient has been studied as a function of cifié parameters. The attenuation coefficient
measurement studies have to give more attentiom&terials of biologically interest in the
energy range 5-1500keV.

This work gives variation of attenuation coeffidiestata as a function of weight fraction of

different constituents of biologically and medigalinportant compounds like vitamins. Similar

work on other H, C, O and N based biologically impnt compounds have been reported by
several workers earlier [2-8] .To our knowledgereports have been found on vitamins with H,
C, O and N as their constituent elements. In audito this objective it is necessary to

understand the nature of interactionyafays with these vitamins with the photons of egerg

1500keV down to 5keV which are used in medical impfibn.

Among the various biological materials viz aminadag fatty acids, proteins carbohydrates etc,
the vitamins perform important roles in various giblogical functions in the human body.
Vitamins are compounds which are vital to our hHeahd longevity. Our body needs these
vitamins for growth, function, energy, tissues iepad waste removal.

The work reported here is an attempt to incorpaitaephysics of photon-atom interactions in to
a parametrization for the energy and compositialeglendence of-ray attenuation coefficient
and this would assist in identifying the link toetiphysical parameters that characterize a
material (e.g., atomic density and effective atomimber).

This paper presents the results of the theoratalallations of the total attenuation coefficients,
of some vitamins as a function of weight fractiohconstituent elements, and variation of
effective atomic number with energy E.(hydrogemboa, oxygen and nitrogen).

THEORY

Gamma radiation is the electromagnetic radiatiofittechin nuclear transitions and its energy
lies in the range from a few keV to several MeVrays are emitted in electronic transitions in
atoms. Gamma radiations interact with matter predantly by photoelectric effect, the
Compton scattering and pair production processl{fthe photoelectric effect, the photon is
absorbed by a bound electron which is ejected buhe atom .When a photon of energy E
interacts with the K shell electron whose bindintergy is R, the electron is emitted with
energy B = E, - Bx. Such a process is known as the K shell phota&teetfect. The K shell
photoelectric effect is proportional to“/ZEf’, where Z is the atomic number of the target; it is
significant for high —Z elements and for low enepiotons.

In the Compton scattering, a gamma photon intemsittsa free electron and transfers part of its
energy to the struck electron which is ejectedasuhe atom. The energy of a scattered photon
depends on the angle of scattering. The probalfdityCompton scattering depends on electron
density in the target which is proportional to Zi#here A is the mass number of the target.

In the pair production process the gamma phota@racts with the Coulomb field of the nucleus
and produces an electron—positron pair. The mininemergy required to produce an electron-
positron pair is 1.02 MeV, because the sum of mesds energies of the electron and the positron
is 1.02 MeV.If gamma photon energy is greater th&@l2 MeV the excess energy is shared
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between the electron and the positron in the fofrkietic energy. As the probability of this
interaction is proportional to the square of thenat number of the target, it is predominant in
high-Z material.

When a monoenergetic beam of gamma photons isentidn a target, some photons are
removed from the beam due to the process mentiabede. Thus the transmitted beam is
attenuated. The extent of attenuation dependsthirgiven elemental target, on the photon
energy. If a beam of monoenergetic gamma photonigtehsity b is incident on a target of
thickness t, the transmitted intensitgécreases exponentially as [10]

i/ 1o =" =Pl =g | (1)

where u (cm' ) is the linear attenuation coefficientu/p(cn? g?) is the mass attenuation
coefficient, t (cm) is the thickness of the target(g cmi?) is the mass thicknesss(cnt) is the
atomic cross section and N is the number of atoencpf of the target. The linear attenuation
coefficientp is the probability per unit length that an incidlgamma photon interacts with the
target material, the mass attenuation coefficigptis the probability per unit areal density that
an incident gamma photon interacts with the tangetierial, and is the cross section offered by
an atom for interaction with the incident gammatphoBy determining experimentallyand b
for a given target thickness t, one can determipeising relation:

wl/p=rttin (o 1y). 2)
The total atomic cross sectiog; is related tau/p by
Stot (CNP/G) =wp (cn/g) X U (g) X A, 3)

where u (g) is the atomic mass unit which is (1h2)f the mass of the carbon atom (1.6605402
x 10%* g) and A is the atomic weight of the target elem&he total atomic cross sectiog;is

the sum over the cross sections for the photo@éeetfect, the Compton scattering and pair
production processes.

In this work an attempt has been made to studetfeet of H, C, N, and O weight fractions on
the mass attenuation coefficiepip,of biological materials such as vitamins evhare listed
in table 1.

The mass attenuation coefficienigp, of biological materials such as vitamins havenbee
computed in the energy range 10 keV to 1500keVguaisoftware program [11].
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Table 1. Effectiveatomic number Zg and changein weight fraction of H, C, O and N of vitamins.

Material Effective atomiamber Zat Change in weight fraction of

6.4keV 13.95 keV 17.74keV  24.14keV 81 keV H% C% 0% N%
Vitamin B; 1.73 1.63 1.30 0.86 .0D 35.71 8.8 14.23 7.14
CeHsNO,
Vitamin By 1.27 1.18 0.89 0.54 0.01 37.25 .2 11.76 13.73
ClQH19N7OG
Vitamin C 1.97 2.8 1.52 1.01 0.04 40.00 30.00 30.00
CZOHBOO
Vitamin B, 1.29 1.22 0.92 0.55 0.01 42.55 36.1 12.77 8.51
C17H20N4Og
VitaminB,; 1.64 1.57 1.22 0.74 0.01 43.59 0. 10.27 12.82
CioHiNsAS
Vitamin P 1.17 9.0 0.81 0.48 0.01 44.16 36.36 19.48
CugH34015
Vitamin K 2.69 2.77 2.36 1.70 0.10 48.48 39.39 3.03 3.03
C13H150|NO
Vitamin Bg 1.56 1.42 1.08 0.73 0.01 50.00 .3 8.33 8.33
CgH11NO3
Vitamin Bs 1.84 1.79 1.42 0.91 0.01 53.13 2.1 15.63 3.13
C1gH3CaN,04
Vitamin A 1.16 1.09 0.83 0.51 0.01 58.82 39.22 1.96 -
CaoH300
Vitamin D 1.06 0.99 0.74 0.44 0.01 61.11 37.50 1.39 -
C28H44O
Vitamin E 1.04 0.97 0.73 0.43 0.01 61.73 35.80 2.47 -
CZQHSOOZ
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Fig.1 Plot of p/p (cm?g) vs. hydrogen weight fraction at some energies for vitamins Bs, B9, B2, B1, B6 andBs
having increasing H% weight fraction.

a -

ppicm
u

—B—13.95KeV 17.74KeV 24 14KeV  —F—81KeV

Fig.2 Plot of p/p (cm?g) vs. carbon weight fraction at some energies for vitamins Bs, B1, B6, B2, B9 andB;
having increasing C % weight fraction.
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Fig.3 Plot of p/p (cm?g) vs. oxygen weight fraction at some energiesfor vitamins Bg,B1,Be,B,,B; andBs having
increasing O % weight fraction.
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Fig.4 Plot of p/p (cm?g) vs. nitrogen weight fraction at some energiesfor vitamins Bs, B3, B6, B2, B1 and By
having increasing N % weight fraction.
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RESULTSAND DISCUSSION

The mass attenuation coefficienigp, of biological materials such as vitamins were cotagun

the energy range 5 to 1500 keV. The total intepactross section of the chosen biological
materials were computed with the help of a convearéad state -of -the—art computer program
[11] named XCOM: ‘Photon cross sections on a Pails@omputer’, in the energy range 5to
1500keV.The variation of the computed valuesuff due to weight fractions of different
constituent elements is shown graphically (Fig.¥et)the energy range 13.95keV-81 keV as
there is no considerable changeaciy values above 81 keV. Table 1 gives effective atomic
numbers (4x) and change in weight fraction of H, C, O and Nvibdémins. The values of ¢
have been calculated in the present energy rafjdeigdobserved that the value ofsdecreases
with increase in energy.

Fig.1depicts the plot qf/p (cnf/g) vs. hydrogen weight fraction for different egies. From this
graph, it is seen that at low energy there is gelaalue ofi/p and as energy increases there is a
decrease in the value of,. For photon with energy 6.4 keV thép is 13.47 cryg where as for
1330 keV photons the/p value is 0.06 cfig. The variation ofu/p with weight fraction is
observed for all energies; tid values decrease for 35 to 40% hydrogen weigltifna and
then increase for 40 to 44% hydrogen weight fraxcaad after this it goes on decreasing up to
50% hydrogen weight fraction and after this it eases. This is for low energy region (6.4-
24.14keV) and for high energy region (81-1330 kaXp)values are remains nearly constant.

The plot of wp (cnf/g) vs. carbon weight fraction at some energieshiswvn in Fig. 2 In this
case at low energies i.e. up to 24.14keV there lerge value ofi/p and as energy increases
there is a decrease in the valuauwyf. For photon with energy 6.4 keV thé is 33.9 where as
for 1330 keV photons th@p value is 0.052. The variation afp with carbon weight fraction is
observed for all energies (6.4-1330keV); for lovemrgy region (6.4 -24.14keV) thep value
decreases from 28 to 34% and then increases uB%ocarbon weight fraction. For energies
from 81keV to 1330keV th@/p values are nearly remain constant from 28 to 48&¥bon
weight fraction.

Fig.3 represents a plot afp (cnf/g) vs. oxygen weight fraction at some energieseHm the

low energy region, there is a large valuaupf and as energy increases there is a decrease in the
value of wp. For photon with energy 6.4 keV thép is 13.33crig where as for 1330 keV
photons thevp value is 0.058 chig. The variation ofi/p with weight fraction is observed for all
energies (6.4-1330 keV); ); for low energy regiod(64.14keV) thelp values increase from

8 to 10 % oxygen weight fraction then decrease®ul2% oxygen weight fraction then after
this it goes on increasing up to 16 % oxygen wefgduttion .For higher energies 81-1330keV
theu/p values are nearly remain constant from 8 to 16 Ygew weight fraction.

Fig. 4 is a plot ofup (cnf/g) vs. nitrogen weight fraction at some energidslow energies up

to 24.14keV there is a large valueidp and as energy increases there is a decrease valtre

of w/p . For photon with energy 6.4 keV thép is 33.9 cng where as for 1330 keV photons the
wp value is 0.05 chtg. The variation ofw/p with nitrogen weight fraction is observed for all
energies (6.4-1330keV); for low energy region (24.14keV) thep/p values decrease from 3
to 9% nitrogen weight fraction then after thigaes on increasing up to 13 % nitrogen weight
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fraction and then decreases up tol4 %. For highergies 81-1330keV thép values nearly
remains constant for 3 to 14% nitrogen weighttfoan.

In the low energy region, compounds containing HNGind O behave as incoherent scatterers
and that as a consequence of this fact, it is plesgd represent the interaction of photons in the
low energy region by a single average atomic nur{ibgi.In the region below 145 keV down to
5keV, all the three partial interaction processemnely, photoeffect, coherent scattering and
incoherent scattering contribute not too insigaifity to the total interaction. Since these
processes exhibit energy dependence charactdtistiddferent from one another, their
contribution to the total interaction also varieghwenergy. As a result, the;Zvalues are also
expected to show energy dependence unlike in the abenergies above 145keV as observed in
the present work. The negligible variationgifp in the high energy region may be due to very
small variation in 4 values above 81keV.

CONCLUSION

The results of this work predict that in low energgion, the total attenuation coefficieptp is
having higher value and as energy increagesalue goes on decreasing. It is also observed that
for low energy region there is a variation in tb&at attenuation coefficients values but for high
energy region the values of total attenuation cciefits remain constant.
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