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ABSTRACT

The total attenuation cross section of biologically important compounds (Vitamins) containing H, C, N and O in the
energy range 5-1500 keV have been obtained. Effective atomic numbers (Zss) and electron densities (Ng) for
vitamins have been calculated for different energies. The effective atomic cross sections are the total attenuation
cross sections divided by the total number of atoms of all types present in a particular sample. Further, the effective
atomic weight is defined as the ratio of the molecular weight of a sample to the total number of atoms of all typesin
it. The variation of the effective atomic number has been systematically studied with respect to the effective atomic
weight. The significant variation of Zg and N is due to the variations in the dominance of different interaction
processes in this energy region. The variation of the Z values with Ay is studied at all energies of interest. The Zy
values obtained in the energy region of present interest are related to their respective effective atomic weight. It is
found that the ratio Zg; / Ag was 0.533 for vitamins containing H, C, N and O elementsin the energy region studied.

Keywords: Attenuation coefficient, Electron density, Effetiatomic number, Biomolecules, Vitamins, Atomic
Cross sections.

INTRODUCTION

Investigation of radiation effects on biologicalipportant molecules find immense applications ia freld of

medical physics and radiation biology. The bioladjic important molecules perform a variety of ployspical

functions inside living systems and assist to poedand store energy. These molecules are compaoaiedyraf H,

C, N and O elements. Depending upon the quantithefadiation absorbed by the biological mattee, éxtent of
radiation damage is observed .In biological mak®ifproteins, nucleic acids, cells and multi-celjanisms) very
low doses are sufficient to modify and inactivdte bio molecules.

The various applications gfradiation therefore require quantitative and aataiknowledge of the processes by
which the photons interact with the atoms of theéemal and get absorbed. Gamma radiations intevidbt matter
predominantly by photoelectric effect, coherentléiRgn) and incoherent (Compton) scattering, andhaphoton
energy region above 1MeV, pair production proc@®tons of energy from 1500 keV down to about Skes
generally used in medical and biological applicatio The photons of energies 1454 keV,
279.2keV,514keV,661.6keV,1115.5keV,1173.2 keV an@3211 keV emitted from radioactive sources
141Ce 2%Hg B°Sr P'Cszn and®CO are widely used in radiation biology in variapplications particularly during
diagnostics and therapy[1]. This has prompted udetermine the total attenuation cross sectionwedsas the
composition dependent quantities such as effeabenic numbers & and effective electron densities, Nf
molecules of biological interest in the energy oegiof medical interest at selected energies. lithisrefore,
desirable to have a complete knowledge of the raifimteraction of biological molecules over thigergy region.
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Hence, in recent years, several experimental amaoirétical investigations have been carried outndeustand the
nature of interaction of different biological moldes [2-9].

Among the various biological materials viz aminddag fatty acids, proteins carbohydrates etc, thamins
perform important roles in various physiologicahdtions in the human body. Vitamins are compounti&hvare
vital to our health and longevity. Our body neelsse vitamins for growth, function, energy, tissugsair and
waste removal. There are two categories of vitamirder-soluble and fat —soluble. All these vitamir®
composed of H, C, N and O as their constituent efém To our knowledge there are no experimenttienretical
results /reports on the gamma ray interaction studf these vitamins.

The intensity of the incidentradiation is attenuated due to its interactionthwatomic species which occur during
the passage through the material. This attenu#igaverned according to the exponential absorpéan

(1) =olexp [-(ub) 1] (1)

wherep/p is the mass attenuation coefficientamd I(t) are the intensities of incident (unatteedaand transmitted
(attenuatedy-ray photons and t is the mass per unit area ofitherial. This equation can be used to objéin
from measuredy) | and t data. The mass attenuation coefficierdsaaneasure of the average number of interactions
that occur between the incident photons and masemearea. These interactions are related t@atbhmic number

of an element and the photon energy for a singteneht. The three major gamma ray interaction peEeyiz
Photoelectric, Compton and coherent scattering Raid production can be expressed as a functiophofon
energy IY and atomic number Z of the element. At a giventphe@nergy [7, 10-12] the interaction is proporébn

to Z" where n is between 4 and 5 for Photoelectric &ffefor Compton effect and 2 for Pair productiomthe case

of heterogeneous material, consisting of numbel@hents in varying proportions, it is possiblelescribe it with

the help of a parameter called effective atomic IneinZey.

The idea of effective atomic number is to assuna éhcompound can for special purposes be regasidabing
built up of one kind of species with atomic numBgy.In materials like biological molecules and othempounds,
for photon interaction a single atomic number canrapresent the atomic number uniquely acrosgfities energy
region because of the effective atomic number beghated to the density and atomic number of ametsd. It is,
therefore, necessary to characterize the interagiocesses a single effective atomic numbeg) (@@ the energy
region of interest for biologically important compal. The values of &4 for human tissues and other biological
materials have been measured or calculated byalemgestigators [1, 13-15].

The value of 4 finds its use in the computation of other usefudmtities like the absorbed dose and built up facto
The number &; varies with energy; on the other hand, the deperelef Z; on photon attenuation coefficient has
been utilized in many applications of radiationdé&s. The precise knowledge of effective atomic benis used in
radiation dosimetry and medical imaging, when thesg sectional anatomy is generated by computeodoaphy
(CT) scan. Thus a precise knowledge of effectieenid number and electron density of the biologicathportant
compounds is necessary in the energy range of mlemiterest. To our knowledge there are no reporntghe
gamma ray interaction studies of vitamins. The afrthe present work is to determinag, interaction cross section,
effective atomic number and electron density féamwins which have H, C, N and O as their constiteé&gments in
their different weight proportions in the energynge 5keV-1500keV .The photons in this energy rediane
immense application in radiation biology a espégidliring diagnostic and therapy. In the presentkyware report
the effective atomic number.Zand electron density JNvalues of some H, C, N and O based samples such as
vitamins at seven photon energies of 145.4keV, 2%@V, 514 keV, 661.6 keV, 1115.5 keV, 1173.2 keVan
1332.1 keV. The effective atomic number And the effective electron density, Nave been calculated for
vitamins for photon interaction in the energy rarfgem 5-1500 keV using an accurate database ofgpkot
interaction cross section and the WinXCOM progrdhA quantity Ay called the effective atomic weight was
calculated as the ratio of the molecular weighthef sample to the total number of all types of aqresent in it.
The variation of the & values with Az was studied at all energies of interest.

2 Theory

A narrow beam of monoenergetic photons is attewutdantensity | from incident intensity,laccording to the
exponential absorption law (eq.1).The exponenttahaation law (eq.1) can be rewritten as
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/=t [1o/ 1 (1)] (2)

where p is the linear attenuation coefficient in“amd p is the density of the absorber in gm&nFor a
heterogeneous compound composed of various eleptbptsotal attenuation coefficient ()4 is related to
values of constituents by mixture rule [1].

The atomic cross sections are proportional to tlodgbility of photon interactions, and are additiVédne total
photon interaction cross sectiog; can be written as

ot = 2 Mi A (W) | 3
AN

where N, is the Avogadro’s number;As the atomic mass of th& element and (jp); is the mass attenuation
coefficient of {"element present in the molecule.

The total cross sectiosy,; can be expressed in terms of effective cross@egter atomg, and an effective cross
section per electros, as

Otot = NOa= N Zy G (4)

where Zy is the effective atomic number and 3/ is the total number of atoms present in a moleddége it is
assumed that the atoms of the molecule can bedegdo have identical atomic number called effectitomic
number. The effective atomic numbeggf)Zof the compound is related to glby the following relation [12].

i A (Up);
&= )
i A (Wp);

i
where Z is the atomic number of th& element present in a molecule. Other expressionshe effective atomic
numbers are found in [16-18] Using the values gf Zhe effective electron density,Ns calculated using the
expression

N: NA Zeﬂ / Aeff (6)

where N is the Avogadro’s number ,.A=A/n; is the effective atomic weight ,is the ratio o thnolecular weight
of the sample divided by the total number of traret of all types present in the compound.

In the present work, we have generated mass attenuznefficients and photon-interaction cross isest in the
energy range from 5keV -1500keV using WinXCOM. Tipisogram uses the same underlying cross-sectional
database as the well-known tabulation of [19]. W@©OM makes it possible to export the cross-sectidiash to a
predefined MS Excel template, a feature that gydatilitates the subsequent graphical and numledita analysis.
The values of effective atomic numbey; Biave been calculated using the expression givdB]by

Z =0.28 Af‘f (1.329 - 0.0471 In EE 0.092 (7)

e —VU. .

RESULTS AND DISCUSSION

The chemical compositions of the vitamins studiethie present work are given in tablel.The vitantisted C, B,
Bi, B2, B9 and P have the same behavior since thagistoof hydrogen, carbon and oxygen in about Hraes

proportions. This is also evident from the facttttieey all have a mean atomic number,<Z>, of ablbdtd(Table
1).The same arguments also hold for vitamigsEdand A where <Z> is about 3.51.
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Tablel.Vitamins studied in the present work. < Z > is thamean atomic number calculated from the chemical fanula

Vitamins Z> Vitamins Z>
VitaminC (GH,;O03) 4.6 | VitaminK (G3HgCINO) | 5.09
VltamlnB3 (CGH5N02) 4.57 VltammE (C17H20N406) 4.21
VitaminBg (CgH1,N,0,) 3.75| Vitamin D (G;H40) 2.97
VitaminBs (CoH17NOs) 3.69| Vitamin E (GHs00,) 2.96
Vitamin A (C20H3QO) 3.1 Vltamlnﬁ (ClgH19N706) 451
VitaminB; (C1,H1;NsO,S) | 4.41| Vitamin P (§H34015) 4.18

Thetotal attenuation cross sections of the vitaminsioled from an accurate database of photon —irtteracross
section are listed in table 2.

Table 2. Total attenuation cross sections (in barmolecule) of vitamins

Compound Formula A 1454 | 279.2 514 661.6 | 11155 | 1173.2 | 1332.1
(keV) (keV) (keV) (keV) (keV) (keV) (keV)
VitaminC GH.0s 88.06 22.79 17.2 13.23 11.87 9.4 9.28 8.78
VitaminBs | GCeHsNO, | 123.11 | 31.87 24.04 18.49 16.54 13.2b 12.97 12.28
VitaminBs | CgHpoN,O, | 168.2 43.54 32.85 25.27 22.61 1811 17.12 16.18
VitaminBs | CoHi7NOs | 219.24 | 56.75 42.82 32.93 29.58 23.4 23.1 21.87
Vitamin A | CyHaO 286.46 | 74.15 55.94 40.03 38.6 30.80 30.18 28.57
VitaminB, | CoHNsO,S | 327.36 | 84.73 63.93 49.17 44.12 35.24 34.48 32.65
VitaminK | C;sH:cCINO | 341.19 | 88.31 66.63 51.25 45.9¢ 36.783 3594 034
VitaminB, | CiHaN.Os | 376.37 | 97.42 73.5 56.54 50.72 40.5p 39.65 37.54
VitaminD | GCyHaO 384.64 | 99.56 75.2 57.78 51.83 41.41 40.52 38.36
Vitamin E | GeHsO, | 430.71 | 111.35| 84.11 64.7 58.04 46.3 4537 42.96
VitaminBs | CiHiN;Os | 441.4 | 114.25 86.2 66.3 59.48 47.52 46.5 44.03
Vitamin P | GgHsOs | 61056 | 158.04| 119.24  91.71 82.28 65.73 64.32 60/9

The linear nature of the plots of total attenuativoss sections as a function of molecular weighas shown in

Figure 1.
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It is observed that the same value of total attBonaross sections for all the compounds of theesanolecular
weight but different chemical structure at a givemergy within the experimental errof20-23] and the total
attenuation cross sectioris linearly related to the molecular weight A @hd energy E.

Plots of Z« values of the samples with respect to their effecatomic weights & at energies 145.4, 279.2 and
1173.2keV are shown in Figures 2-5. The plots iewed to be linear at each energy of interest E.

Further, it was worth noting from the values tabediin table 3 in the energy region of presentrégtthat the &
values of the H, C, N and O samples used in theeptework were related to their respective effectiwomic
weight through the relation

Z = 0.533 Aq. ®)

The Zg values were used to calculate the electron dessitighese samples. The values gf and N of these
samples so obtained are tabulated in tables 3&urth quantity Ay called the effective atomic weight was
calculated as the molecular weight divided by ttalthnumber of atoms of all types present in thaa. Plots of
Zi values of the samples with respect to their effecitomic weights 4 at energies 145.4, 279.2 and 1173.2keV
are shown in Figures 2-5. The plots were foundettiriear at each energy of interest E.

Table 3. Effective atomic number Zg and electron density N(10%* electrons @) of vitamins

Vitamins A 143 4keV 279 2kev 314 keV 661.6keV 1113 5keV 1173 2keV 1332.1keV

T Ne T M. For M. o N Fom M. o Ne For M.

VitaminC 8806 479 0328 476 0326 473 0324 471 0522 469 0321 468 0320 468 0320
VitammnB; 12311 478 0328 473 0326 472 0324 470 0322 468 0321 467 0321 466 0319

3 0321 373 0311 373 0321 373 0321 3.

VitaminE; 16820

[¥%)

VitaminB; 21924 364 035320 364 0320 364 0320 363 0321 363 0321 365 0321 363 0521
Vitamin A 28646 293 0314 295 0316 297 0318 298 0319 299 0321 299 0321 300 0322
VitaminB; 32736 434 035326 432 0324 450 0323 449 0322 447 0321 447 035321 446 0320
Vitamm K 341.19 371 0333 364 0329 3538 0323 333 0324 3530 0321 349 0520 348 0319
VitaminB, 37637 431 0323 430 0323 428 0322 427 0321 426 0321 426 0321 423 0320
Vitamm D 38464 277 0313 279 0313 282 031% 283 0319 283 0321 285 0321 283 0321
Vitamin E 43071 276 0312 278 03515 280 0318 281 0319 283 0321 283 0321 284 0322
VitammmB: 44140 470 0327 467 0323 464 0323 463 0522 461 0321 460 0321 439 0320

Vitamin P 610536 427 0324 423 0323 424 0322 423 0321 422 0320 422 0320 421 0320

63



Govind K. Bichile et al J. Chem. Pharm. Res., 2012, 4(1):59-66

A& E=1454keV Vitamins

=31
1

Effective atomic number
wn
1

Effective atomic weight

Figure 2. Effective atomic numbers of Vitamins as &unction of Aeff at 145.4 keV
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Figure 3. Effective atomic numbers of Vitamins as function of Aeff at 279.2 keV
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Figure 4. Effective atomic numbers of Vitamins as &unction of Aeff at 1173.2 keV
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Figure 5. Effective atomic numbers of Vitamins as &unction of Aeff at 145.4, 279.2keV and1173.2 keV

The present calculations are based on atomic phistiemaction cross sections. Thereforgz &and N) have the
same value for compounds having the same chemicaiufa. In the present approximationgsZand N are
independent of any effects due to chemical bondfkgnuch larger and higher-dimensional database dviel
required to accommodate molecular and other mamixironments of the target atom [1].Careful experits
would be required to study any possible effect émical bonding on photon-interaction cross sestiand
effective atomic numbers of bio-molecules. Suchdists should, however, stimulate further theoretical
developments.

CONCLUSION

(1) The effective atomic number Zand the corresponding effective electron densigyofNsome vitamins have
been calculated in the energy region from 5-1500keiWig WinXCom [1], and its underlying databaseatifmic
photon-interaction cross sectiofi®].

(2) The ratio 4z / Ae was 0.533 for vitamins containing H, C, N and @neénts in the energy region 5-1500 keV
then the value of effective atomic number of thengles containing H, C, N and O is almost a constarthe
energy region 5-1500 keV.

(3) It has been observed that the same value af attenuation cross sections for all the compowidfe same
molecular weight but different chemical structur@ @iven energy.

(4) The conclusion of this work also confirms tlesults of our studies on other H, C, N and O b&éewholecular
system [24-26].
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