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Abstract. This work represents the study of mass attenuation coefficient, total atomic cross
section, total electronic cross section, effective atomic number, effective electron density and
half value layer for selected three polymers : Polyacetylene (C;H:n), Polyethelyne (C;Hyn),
Polypyrrole (C4Hsn) seven Saturated fatty Acids : Arachidiec Acids (CyH3,0,), Capric Acid
(CIGHZUOZJ1 Capryllc Acid (CBHHSOJ}, Cerotic Acid (ngl‘[g:Og}, Lauric Acid (Cu[[g_;oj)\
Myristic Acid(C;4H250,), Plamatic Acid(C,¢H;,0,) and Six Unsaturated fatty Acids :
Arachidonic Acid (CagHi20,), Decosahexaaenic Acid (CyH3.0,), Eliadic Acid (CigH305),
Lenoleie Acid (C“;Hj:Og), Erucic Acid (C22H4102), Oleic ALI[](C“;H“O_)) using NIST-XCOM
and Geantd Monte-Carlo simulation at the energy range 122 keV to 1330keV. Successtully
designed narrow beam geometry in Geant4 code for low energy electromagnetic interaction
study. We found the errors within 0.001% in the determined results of mass attenuation
coefficient and showed Geantd isa powerful toolkit for measurement of radiation interaction
parameter with matter. The variation in effective atomic number and effective electron density
with incident photon encrgy were observed due to the prevalence of photon interaction
processes. The Monte-Carlo simulations and theoretical simulation results have been showed
that the polymers have good shielding properties as compared with saturated and unsaturated
fatty acids. From obtained results, it was noticed that Geantd Monte-Carlois in good accord

XCOM database.
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1. Introduction

In the last two decades, 1.4 crore new cancer eases were noted in the world and more than 3 crore
people living with cancer discase reported by International Agency for Research on Cancer (IARC-
WHO)'". The ionising radiation interaction with biomaterial provides valuabledata for preclinical
radiotherapy applications.The amino acid, carbohydrate, protein, fatty acids and oils are the building
blocks of living cells and perform variety of physiological functions’. The advances in radiation
biology introduced the innovation of radiation interaction study of biomaterial such as fatty acids,
amino acid, carbohydrates and other materials provides significant applications in radiation dosimetry,
medical physics, agriculture, industries, radiation diagnosis, drug delivery and shielding purpose™ .
The fatty acids used for the detection of cancerous tumour for biochemical and epidemiological to
development of tumours and the unsaturated fatty acids detect the limit of cancerous tumours in vitro
and vivo'™". Since few decades, the polymers have also been used for drug delivery for high
therapeutic concentration of chemotherapy for applying treatment to the cancer patients'*. The mass
attenuation coefficient (p,,), total atomic cross section, total electronic cross section, cffective atomic
number (Z.q), effective electron density (Ney), and half value layer are fundamental parameter to
finding the penctration and energy deposition of x-ray and gamma radiation” Monte-Carlo
simulation is found to be most effective tool to determine radiation interaction parameters in diverse
kinds oftissue equivalent biomaterial and composites for fundamental ionizing radiation parameter and
shielding properties'”". There are many Monte-Carlo simulation codes are available for the study of
radiation transportation, particle physics, medical physics, Cosmo-physics, radiotherapy, radiation
biology namely MCNP, GEANT4 and FLUKAZ2 The many author investigations study of radiation
interactions with mater with different electromagnetic processes through the Monte Carlo methods
such as oil and soil samples, carbohydrates, glass materials, and nanoparticles®*’,

The present study focused on the validation of Geant4 Monte Carlo code for electromagnetic
interaction process (Compton and Rayleigh scattering, photoelectricabsorption, and pair production)
withsome polymers, saturated and unsaturated fatty acidsverses U. S. Government National institute of
standards and technology (NIST) XCOM database. Construction of Nal (T1) narrow beam geometry
set up was done using Geant4 MonteCarlo method in computer environment. Study the shielding
properties especially selected biomaterials polymers, saturated and unsaturated fatty acids at the
energy region 122 keV to 1330keV. Here we demonstrate the biomaterial (polymers, saturated and
unsaturated fatty acids) having fundamental shielding properties with corresponding ionising radiation
parameter Zeff, Neff and HVL.Comparing results between XCOM and Geant4 Monte Carlo method
verifving with the statistical tool 1 test for significant role.

2. Materials and Methods

In the present study, we determined the mass attenuation cocfficient, total atomic cross section, total
clectronic cross section, effective atomic number, cffective electron density and half value layer for
selected three polymers such as Polyacetylene (C,Hon), Polyethelyne (CaHyn), Polypyrrole (CyHsn)
and seven Saturated falty Acids such as Arachidiec Acids (CayH320,), Capric Acid (CyH,,0,),
Caprylic Acid (CyH,,0,), Cerotic Acid (CsH;5,05), Lauric Acid (C1aH540,), Myristic Acid(C,Hy05),
Plamatic  Acid(C\411;,0,) and Six Unsaturated fatty Acids Arachidonic  Acid (CaHn05),
Decosahexaaenic Acid (Cy2H30y), Eliadic Acid (C4l3,0,), Lenoleic Acid (Ci3H»0s),Erucic Acid
(C::H4,0,) and Oleje Acid(CxH350,)in the energy range 122 to 1330keV. The XCOM database shows
none zero values for all the process at selected energy region there Compton (Coherent and incoherent
sections) and pair production (In Nuclear field and In Blectron field).

2.1. Geantr4

Geantd Monte Carlo simulation method is an object oriented toolkit depending on C++ programming

language, i‘,i‘c‘ used for measurement of radiation interaction with matter at wide energy range 250 ¢V
to 100 TeV**, The study of electromagnetic radiation in the Geantd environment is available for low
EM Test package; we study the EM Test 13, 15 and18 for low clectromagnetic interaction. The
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Geant4 method for clectromagnetic package was especially applied for narrow beam geometry. The
study carried out in the UNIX operating system Geant4 version 9.06.p01for all gamma sources. We
were calculated attenuation coefficient using computer cnvironment and Geantd4 applications
G4RunManager for low energy physics the observed Electromagnetic  Standard
GA4PhotoElectricEffect, G4ComptonScattering, G4GammaConversion (pair production). We have to
know the primary information to construction of detector geomelry of electromagnetic package for
Geant4 simulation. There are three stages First stage construction, narrow beam geometry set up of
monochromatic source expose the radiation selected gamma energy to material and detector and set
unique distance between source-sample-detector. Second stage set the energy, here we select the
energy region 122, 356, 511, 662, 1170, 1275 and 1330 keV and chemical composition, density,
clemental weight fraction and thicknesses of the selected polymers saturated and unsaturated fatty
acids, set physical process photoelectric, Compton (Coherent and incoherent)and pair production
corresponding to photon energy. Third stage measured simulation value by using GMcalculator after
10° times hits of gamma radiation on selected biomaterial at particular thickness.

2.2. NISTXCOM
The XCOM data provided by the National Institute of standards and technology through US

government. The XCOM provides X-ray, gamma ray and bremsstrahlung to photon cross section and
total attenuation coefficient of element, mixture and compoundsat the energy range 1 keV to 100 GeV
for the applications of medical radiation physics® Mass attenuation coefficient is the probability
between the incident photon energy (hv) and sample per mass unit area. Mass attenuation coefficient
and mass energy absorption coefficient were described by Hubbell and Seltzer™ for the application of

radiotherapy and dosimetric interest.
The theoretical investigation of mass attenuation coefficient is depends on Lambert Beers law a

parallel ray of X-ray or Gamma ray photons passing through matter is attenuated due to
electromagnetic region (absorption and scattering)Fig.ure 1 described the narrow beam setup and
mathematically written as
I =Ioexp(—pm ) (1)
Where, I, and I are the Incident and transmitted photon intensities of gamma radiations, p, is mass
attenuation coefficient of the selected biomaterials and t is the thickness of sample.Then mixture rule

applied for compound or mixture of element,
H H
5)= 2. () ®
P P/
From above formulation we observed the probability of interaction between X-ray, gamma photon
and matter of mass per unit area called mass attenuation coefficient.

2.3. The total atomic and electronic cross section
The total atomic cross section can be written mathematically by the following equation;

_1' (Hm) 3)

' Na  Ziwi/A
. Where N, is the Avogadro’s number and A, is the atomic number of i constituent element of

biomaterials. With the help of principle of photon interaction total cross section were written as

Ora = Ope + Ocop + Oincon + Opair + Otrip + Ophan

The total electronic cross section is mathematically as,

=1
1 f:A;
Otet = E E %(“m)i (4)
~ < 1
i

thre fiis the number fraction of atoms in element of i™ constituent relative to ferrites and Z; is the
atomic number.

Ota =

2.4. The effective atomic number (Zeff)
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The effective atomic number can be estimated using equation;

Tt.at (5}

Ot el

Zer =

2.5. Effective electron density (N

Some text. Neff = (AN):f) X Zeff (6)

Where, Aeff is effective atomic mass also acknowledged as the ratio of atomic weight and total
number of atoms.

2.6. Half value layer (HVL)

The half value layer is mathematically expressed as;
In2 _ 069

HVL=—=—-(7)
m 1

Here, p is the linear attenuation coefficient. The p is computed from narrow beam geometry setup
of Geant4.

3. Results and discussion

Table | shows the chemical composition, chemical formula, density, molar mass of the polymers,
saturated and unsaturated fatty acids. In the present theoretical investigations we observed radiation
interaction study of biomaterials with thehelpof Geant4 Monte Carlo method and XCOM web
datasheet. The mass attenuation coefficient of selected polymers, saturated and unsaturated fatty acids
successfully measured with help of Geantd Monte Carlo and compared XCOM database for total
attenuation cross section for without coherent and with coherentat encrgy region 122 keV to 1330
keV. Table 2 shows variation of mass attenuation coefficient with selected energy region.lt is noticed
that the mass attenuation coefficient decreases with increasing photon energy for the all seclected
biomaterials. The mass attenuation coefficients values determined by using Geant4 Monte Carlo
method were slightly lower than XCOM database values at low energy. Fig. 2shows XCOM and
Geantdmass attenuation coefficient values against photon energy of polymers, saturated and
unsaturated fatty. [t is clearly seen that the XCOM and Geant4results are in the excellent accord to
each other. It is reflected that we were successfully constructed detector geometry in Geant4 and the
comparative results having 0.001 % errors. Also the mass attenuation coefficient result verification
with the statistical tool ¢ test for of theoretically XCOM and Geantd MonteCarlo method. Fig.3 shows
the total atomic cross section of the selected biomaterials. It is clear from Fig.3 that the total atomic
cross section decreases with increasing photon energy. Rajamanickam et al., reported the importance
of total atomic cross section of high Z materials in the macroscopic study for the development
algorithm for the clinical treatments (it gives preclinical treatment planning)® Similarly we
determined electronic cross section depicted in Fig. 4.1t is seen from that results of electronic cross
section decrease with increasing incident photon energy and graphically. The effective atomic number
Is important parameter for study the cffect of gamma radiation for constituent element or elemental
compositions of materials. The cffective atomic number varies with photon energy i.c. Z. decreases
with increasing photon energy”. Figs.5(a) Polymers, (b) saturated fatty acids,(c) Unsaturated fatty
acids show that there is no change in Z.qat selected energy region (122 keV to 1330 keV). Fig. 4 (a)
shows the Z verses incident photon energy of polymers. It is seen that the Polyacetylene have the
highest effective atomic number as compared to the Polyethelyne and Polypyrrole. Fig. 4 (b) shows
tl‘?c Zey verses incident photon energy of saturated fatty acids.lt is seen that the capric acid having
highest and Cerotic acid having lowest Z as compared to other saturated fatty acids. Fig. 5(c) shows
thg Zegr verses incident photon energy of unsaturated fatty acids. It is observed that the Arachidonic
acid possesses highest and Erucic acid have lowest Zy as compared to other saturated fatty acids, The
graphically representation of effective electron density of the materials shown in Fig. 6(a) Polymers,
(b)saturated fatty acids, (¢) Unsaturated fatty acids. It is scen that there is no variation with energy as
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particular selected energy region. The number of clectron density obeys the 10* shows with Eq. 6 is
dependent on the cffective atomic number. The result reflects there is no change in Nyy and Zyy
indicates photon absorbed by the malerial persist longer time due lo the elastic scattering wherethe
electron at sclected energy region recoiled. The half value layer study investigation under present
study for the shicldingpurpose of the biomaterials and polymers. Earlier many authors suggested that
the shielding properties of polymers, one of the authors reported the shielding properties of polymcr
nanocompositefor the purpose of rfl.dmlher'tpy for decreasing unexpected dose to living tissue". We
determined the half value layer using Geantd Monte Carlo method for narrow beam geometry set up
with monochromatic sources at selected energy region 122 keV to 1330 keV. The HVL represent
graphically in the Fig. 7. It is observedthat HVL increases with increasing incident photon cnergy. It is
also noticed that the HVL values of polymers vary drasticallywith photon energy as compared to the
saturated and unsaturated fatty acids.

Table 1 Chemical composition of all selected polymers, saturated and unsaturated fatty acids

. Sr. No. Materials Chemical Formula Molar mass Densily (g/cm3)
1 Polyacetylene C,H;n 40.04 0.400
2 Polyethelyne Cy,Hyn 42.06 0.960
3 Polypyrrole CyHsn 67.09 1.050
4 Arachidiec Acid CyH1 04 304.46 0.922
5 Capric Acid CyH20; 172.26 0.893
6 Capryhic Acid CiH 60, 144.21 0910
7 Cerotic Acid CgﬁngOg 396.69 0.820
8 Lauric Acid C:H.0, 200.31 0.880
9 Myristic Acid CH»0, 228.37 0.862
10 Plamatic Acid CsH:,0, 356.43 0.853
11 Arachidonic Acid CyH3:05 304.46 0.922
12 Decosahexaaenic Acid C»H;0, 248.22 0.943
13 Eliadic Acid C1sH30; 282.46 0.873
14 Erucic Acid CzH3 0, 238.57 0.860
15 Lenoleic Acid CaaHnOn 280.44 0.900
16 QOleic Acid C[gH_’uGg 282.47 0.895
Table 2 Investigations of Mass Attenuation Coefficients of selected materials
& Encrey (V) | 122 356 sl 662 1170 1275 1330
Samples XCOM|Geant4| X COM|Geantd| X COM|Geantd XCOM Geantd X COMGeantd[XCOM|Geant4| X COM|Geant4|

Polyacetylene  |0.1514]0.1507]0.1073 [0.1072|0.09280.0932]0.0830{0.0835]0.0633[0.06360.06060.0608[0.0593[0.0595
| Polyethelyne  [0.1607]0.1534]0.1138]0.1044]0.098410.0907]0.08800.08 12/0.0672[0.06 19[0.06430.0592[0.0629 [0.0579
" Polypymole  0.1539]0.1504]0.1090/0.1070/0.0943|0.0930]0.0843 [0.0832[0.0643]0.0636/0.06 16{0.0606]0.0602 [0.0594
| Arachidice Acid  0.1580]0.1587]0.1123]0.1123[0.0976[0.0972]0.08740.0869]0.0666[0.06630.0637|0.0635]0.0623 [0.0621
Capric Acid__0.1563]0.1571{0.1111]0.1112]0.0966[0.0962]0.0865 |0.0860]0.0659 [0.0656]0.0631 [0.0628[0.0617 [0.0615
Caprylic Acid__ [0.1556]0.1564]0.1106|0.1107]0.09610.0957[0.0861 [0.0856]0.0656 [0.0653]0.0628[0.0625]0.0614 [0.0612
Cerotic Acid  ]0.1584]0.2710]0.1126 0.1916{0.09790.1657{0.0877 [0.1481]0.0668 [0.1130/0.0639[0. 108 1]0.0625 0. 1058
 Launic Acid  |0.1569]0.1576/0.1115 J0.1115]0.0969]0.0965|0.0868[0,0863]0.0662 [0.0659[0.0633[0.0630]0.0619[0.0617
 Myustic Acd [0.1572[0.1580[0.1178 0.1 118]0.0971 |0.0967]0.0870 0.0863]0.0663 [0.0660]0.0634[0.0632|0. 0634 [0.06 18

'!_ Plamane Acid—[0.1575]0.1583]0.1120{0.1120]0.0973]0.0969]0.0872 [0.0866]0.066- [0.0661| 00636 [0.0633[0.0622 0,06 19

| AuLIudu:m Aud | ll.IS"n 0 ]‘!4? 011 |0 JIUU . {J‘H’ 0.0V36[0.085] t;.'lﬁri') 0.0650{0.0653 (L0622 U.l.ih’-i U 0609100611

'IJunsahﬂ uucluLAud (15591015370 110410 1Ii‘Ji El{J‘)ﬁ 0.0950,0.0854{0.0851]0.06320.06480. 0624 ll.Lk\'Ell 0.0610[0.0607

Elhiadic Acid 0. Iﬁh 0. I‘it‘:‘) ll 1 Ih O 1115 [l_(}')l.‘:'i U.0Y6Y] 00563 [0.0869]10 06591006621 0. {'IhiLl 00633 0.061 700619

Erucic Acid l} Iﬁi-l IJ 1574[0.11 I‘J 01T 19{0.0969 10.0973) 0.0866 | lll!h?] 0.0661 (J 0664{0.0632]0.0635[0.0619[0.0621

Lenoleie Acid 0.1567 IJ.ISMJ 0.1l 100, Ill}‘) {l [)‘}ht} 0. Il‘)f;l 0.0858 |0.086 1100655 IJ 0658[0.0627{0.0630[0.0613 (00616

Oleic Acid (.1585 Uv_!ﬁ(}‘) 0. Il""’. 0.11 iﬁ 0, l}lHI 0. U\J{;‘J ll.UH{sH 0.0869]0). UN:_ lli}hh” (1.06.3 4 0.0633]0.062010.0619
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materials
Variable 1 Variable 2
Mean 0.156766 0.162954
Variance 4 44E-06 0.000837
Observations 16 16
Pearson Correlation 0.256078
Hypothesized Mean Difference 0
df 15
t Stat -0.86983
P(T<=t) one-tail 0.19905
t Critical one-tail 1.75305
P(T<=t) two-tail 0.3981
t Critical two-tail 2.13145
t
L @ D
Gamma Source Detector

Sample

Fig. 1 Schematic View of Narrow Beam Geometry Setup
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Fig.2 The variation of Vs incident Photon energy
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Fig. 7 Variation of HVL Vs incident Photon energy.

4. Conclusions . .
The Geant4 method and NIST XCOM were used to determine the mass attenuation coefficient,

total attenuation coefficient, total electronic cross section, Zem, Neg and HVL for the selected three
polymers, seven saturated and six unsaturated fatty acids at the energy region 122 keV to 1330 keV
incident photon energy. The results of the massattenuation cocfficient, total attenuation coefficient,
total electronic cross section, Z.m, Ner Values were decreased with the increment of incident photon
encrgy attributed to the Compton scattering photon interaction process. From the results of Z. and
N,q, It is found that polymer has lowest Z.q values than the saturated fatty acid (Capric Acid). The
HVL of the selected polymer were observedhigher thanthe fatty acids. Thus it is worth noting that
polymers are agonized to radiation damage than fatty acids for the selected energies. The study
examine the validation of Geant4 Monte Carlo method compares with XCOM datasheet i.e. both the
. results having good agreement with each other. Besides, the result obtained from statistical tool T-test
of two groups. It is observed that the Geantd code is powerful toolkit for measuring radiation
interaction parameter and applicable for medical physics, radiation biology, dosimetry and

radiotherapy.
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