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A B S T R A C T

We have computed radiological parameters of some C- H- N- O based amine group bio material in the energy
range 122–1330 keV with the gamma ray count by narrow beam geometry. The NaI(Tl) detector with 8 K
multichannel analyser was used having resolution 6.8% at 663 keV. The energy absorption buildup factor
(EABF) was determined by using Geometric Progression (G-P) fitting method up to penetration depth of 40 mfp
at energy 0.015–15 MeV. The NIST XCOM data were compared with the experimental value and we observed
(3–5%) difference. The comparative study of effective atomic number and effective electron density in the en-
ergy range 122–1330 keV using Gaussian fit for accuracy were performed. The amino acid has the highest EABF
value at 0.1 MeV and the variation in EABF with penetration depth up to 1–40 mean free path (mfp). The
calculated radiological data of biological material are applicable in medical physics and dosimetry.

1. Introduction

Mass attenuation coefficient (µm), effective atomic number (Zeff),
effective electron density (Neff), molar extinction coefficient are basic
parameters to find the penetration and energy deposition of gamma
radiation (Gounhalli et al., 2012; Manjunatha et al., 2016; El-Khayatt
et al., 2014). Gamma radiation is used in diverse fields such as agri-
culture (Pires et al., 2016), industry, medical (Manohara et al., 2007),
radiation dosimetry (Gowda et al., 2004), diagnosis, shielding (Otto
et al., 2012; Biswas et al., 2016), gamma ray fluorescence (Ekinci et al.,
2007), drug delivery (Gounhalli et al., 2012), radiation biophysics,
science and technology (McCullough et al., 1975) etc. The NaI(Tl) de-
tector is a spectrometric system to show the fine spectra at room tem-
perature and its economic device has good efficiency (Medhat et al.,
2014). The ratio of mass energy absorption coefficient and the back
scattered factor for diagnosis for mono-energetics database photon with
lower energy (Benmakhlouf et al., 2011). The mass attenuation coef-
ficient parameter is a chemical composition dependent parameter for
dosimetric and tissue substitute material (El-Khayatt et al., 2014) and
also depends on the physical as well as chemical environment of the
nonessential amino acids (Bursalıoğlu et al., 2014). The uncertainties in
the calculation of the mass attenuation coefficient are dependent on the
process of calculation and the radionuclide of gamma ray spectra
(Andreo et al., 2012). The other parameter atomic, molecular and
electronic effective cross sections are playing an important role in the
distribution of photon flux for any object (Bursalıoğlu et al., 2014).

Average Molar extinction coefficient value of the biological material is
less than the theoretical value (Pace et al., 1995). The atomic number of
composite materials is depending on the energy; a number cannot show
atomic number of the material in entire energy region i.e. effective
atomic number (Gowda et al., 2004, 2005; Hine et al., 1952). The Zeff of
particular energy of body tissue components depends on different in-
teraction processes and atomic number. Degrelle et al. (2016) Ex-
plaining two methods to calculate mass attenuation coefficient using
Monte Carlo simulation and discussed about the self-absorption phe-
nomena are only dependent on the coefficient and not on the density of
the material. Scattering does not affect at large scale on the organs and
the values of Zeff determined by NEPEA are in good agreement with
Compton process (Torikoshi et al., 2007). A new method to calculate
Zeff for the total cross section in Compton scattering process at the
nuclear energy 1464 keV has been developed (Kaliman et al., 2007).
Zeff of amino acids depends on their side chain and the behaviour as Zeff
decreases, the hydrophobicity increases of the unionized amine group
material (Gowda et al., 2005).

The gamma-ray buildup factors are most used in the shielding cal-
culation for gamma-ray sources (Singh et al., 2013). Gamma ray
buildup factor is important in the distribution of photon flux for the
calculation of radiation dose of biological molecules. There are two
types of buildup factors: (a) Energy absorption buildup factor (b) ex-
posure buildup factor. Energy absorption buildup factor in which
quantity of interest is the absorbed or deposited energy in the inter-
acting material and the detector response function is that of absorption
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in the interacting material. Different methods were used by various
research groups to compute the buildup factors G. P. fitting method by
Harima et al. (1986), invariant embedding method by Sakamaoto and
Tanaka (1988) and Shimizu (2002), iterative method by Suteau and
Chiron (2005) and Monte Carlo method by Sardari et al. (2009).

The amino acids are a basic building block of living organism. All
living things basic constituents are amino acids. e.g. DNA and RNA
(also made up of amino acids). The human body uses 20 different amino
acids for building peptides and proteins. The amino acids are classified
into two types: essential amino acids and nonessential amino acids.
Amino acids are polar in nature [except Glycine (CH2NH3COOH)].
There are two types one is R/D amino acid and S/L Amino acids. D-
(Dextro) rotatory PPL (Plane polarized light) in a right hand direction
called as clockwise direction and L-(leovo) rotatory PPL in a left hand
direction called as anticlockwise direction. Due to polar nature amino
acid acts as solvent, it solvalize the reaction. It's an organic solvent
naturally occurred. Amino acid having intra hydrogen bonding called
Zwiter ion which is neutral species.

The objective of the present work is to show accurate variation of
the experimentally observed radiological parameters mass attenuation
coefficient (μm), effective atomic number (Zeff), effective electron den-
sity (Neff), atomic cross-section (σt) and electronic cross-section (σe) of
amino acids in the energy range 122–1330 keV for the gamma radiation
using narrow beam geometry. Theoretically energy absorption buildup
factor in the 0.015–15 MeV energy range up to penetration depth 40
mfp of amine group biological material using geometric progression
fitting method. Also studied the effect of the penetration depth on EABF
at different energy. This study gives basic knowledge about calculation
of shielding properties of biological materials. It should be noted that
the necessity of biological materials like amino groups to control the
radiation level for the protection aspects of radiology.

2. Experimental and calculation method

The radioactive sources 57Co, 133Ba, 137Cs, 54Mn, 60Co and 22Na
were used to generate gamma rays for the experiment. The gamma ray
energies emitted by these sources are 122, 360, 511, 662, 840, 1170,
1275 and 1330 keV respectively. The gamma rays emitted by these
radioactive sources were collimated and detected by the NaI(Tl) scin-
tillation detector. The sources are perpendicular to the surface of the
material. The selected gamma ray spectroscopic system was the narrow
beam geometry shown in Fig. 1. As the high Z of iodine in NaI may have
good efficiency (Kaçal et al., 2012). The signals from the detector
(2″×2″) NaI(Tl) crystal having energy resolution of 8.2% at 662 keV -
gamma rays from the decay of Cs137 after suitable amplification (ac-
cording to full width at half maxima FWHM) was recorded in EG &G
ORTEC 13-bit plug-in-card coupled to a PC/AT. The stability and re-
producibility of the arrangement were checked before and after each set
of runs in the usual manner. The system shows fine acquires gamma ray
spectra to provide accurate information at below room temperature
(20 °C to 23 °C). All amine group material (Aspartic acid, Monosodium
salt monohydrates, D-Arginine monohydrochloride, D-Asparagine
Monohydrates, D-Glutamic acid, DL-Arginine, DL-arginine mono-
hydrochloride monohydrates) had good purity (99%). The sample
thickness was selected in order to satisfy the following ideal condition
as far as possible (Creagh et al., 1987). The pellet of amine group
material was prepared by using a KBr press machine (up to pressure
10 t) with 0.13 g/cm2 of uniform thicknesses and confined in a cy-
lindrical plastic container having the same diameter as that of sample
pellets. The diameters of the samples were determined with the help of
a travelling microscope. Weights of pallet were measured by using di-
gital balance having 0.001 mg accuracy. We measured value of Io
(unattenuated photon intensity) with empty plastic container and I
(attenuated photon intensity) with sample at narrow beam geometry set
up. The mass attenuation coefficient μm for all amine group material
were calculated using Eq. (3) and theoretically observed by NIST XCOM
database at selected incident photon energy. Proper adjustment of the
distance between the detector and source (30 cm ≤ d ≤ 50 cm), the
maximum angle of scattering was below 30 min. In the multichannel
analyser used in the present study, there was a built-in provision for
dead time correction.

2.1. Mass attenuation coefficient

The measurement of mass attenuation coefficient of the amino acids
was performed for homogeneous medium by using Lambert Beer ex-
ponential attenuation law,

=I I e x
0

μ (1)

where I0 and I are the unattenuated and attenuated photon intensity
respectively, μ is the linear attenuation coefficient; X is the thickness of
the sample. The ratio of linear attenuation coefficients and density of
material called as mass attenuation coefficients (??/??).

2.2. Molar extinction coefficient

The material or solvent absorb light per unit mass density called as

Fig. 1. The schematic view of narrow beam geometry of NaI(Tl) Detector.

Table 1
The mean atomic numbers calculated from the chemical formula for the investigated amino acids.

Sr. No. Amino acids Chemical formula Mean atomic number Molar mass (g/mole) Aeff

1 Aspartic acid monosodium salt monohydrates(A) C4H8NNaO5 4.74 173.1 9.11
2 D-Arginine monohydrochloride(B) C6H15N4O2Cl 4.00 210.67 7.52
3 D-Asparagine monohydrate(C) C4H10N2O4 4.00 150.13 7.51
4 D-Glutamic Acid(D) C5H9NO4 4.11 147.13 7.74
5 DL-Arginine(E) C6H14N4O2 3.62 174.2 6.70
6 DL-Arginine monohydrochloride monohydrate(F) C6H17ClN4O3 3.94 228.68 7.38
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molar extinction coefficient or molar absorptivity shown below,

= 0 4343 N σƐ . A t (2)

NA is the Avogadro constant and σt is the total attenuation cross
section

2.3. Total atomic cross section

Firstly, we calculate the total attenuation cross section:

∑=σ
N

f A1 (µ )t
A

i i m (3)

NA is the Avogadro constant, μm is the mass attenuation coefficient
and Ai is the molar mass of the sample. ∑fi = 1 (fi is the mole fraction)
(More et al., 2016)

=
∑

σ σ
na
t

i (4)

∑ni is the total number of the ith constituent

2.4. Electronic cross section

∑= =
∑

σ
N

f A
Z

σ
Z

1 (µ )e
A i

i i

i
m i

t

eff (5)

Electronic cross section is the ratio of total attenuation cross section
and effective atomic number shows in above written formula.

2.5. The effective atomic number (Zeff)

Compton scattering interaction process of the composite material
depends on effective atomic number (Gowda et al., 2005), which is
discussed by Manohara et al. (2008).

=Z σ
σeff

t

e (6)

2.6. Effective electron density

Effective electron density shows that the number of electron per unit
mass

⎜ ⎟= ⎛
⎝

⎞
⎠

N N
A

Z*eff
A

eff
eff

(7)

Aeff is effective atomic mass also known as the ratio of atomic
weight and total number of atom

3. The computation of energy absorption buildup factor

The computation of EABF using G-P Fitting method and equivalence
atomic number of selected amino acids. There are three steps

1) Calculate equivalence atomic number (Zeq).
2) Computation of geometric progression (G-P) parameters.
3) Calculating the energy absorption buildup factor.

1) Calculate equivalence atomic number (Zeq):

Table 2
Mass attenuation coefficient (cm2/g) for the investigated amino acids.

Amino acids A B C D E F

energy Exp Theo Exp Theo Exp Theo Exp Theo Exp Theo Exp Theo

122 0.1501 0.1471 0.1692 0.1655 0.1506 0.1535 0.1157 0.1102 0.1584 0.1550 0.1645 0.1603
356 0.1062 0.1034 0.1094 0.1066 0.1067 0.1052 0.1081 0.1059 0.1047 0.1071 0.1092 0.1063
511 0.0921 0.0904 0.0941 0.0914 0.089 0.0920 0.0968 0.0926 0.0964 0.0938 0.0957 0.0928
662 0.0962 0.081 0.0975 0.0818 0.0901 0.0853 0.0987 0.0838 0.0905 0.0859 0.0796 0.0841
840 0.0752 0.0724 0.0773 0.0721 0.0807 0.075 0.0701 0.0742 0.0784 0.0751 0.0694 0.0743
1170 0.0634 0.0602 0.0642 0.0609 0.064 0.0625 0.0598 0.0627 0.0669 0.0636 0.0675 0.0639
1275 0.0599 0.0586 0.0561 0.0589 0.0535 0.0596 0.0548 0.0598 0.0622 0.0607 0.0582 0.0560
1330 0.0589 0.0573 0.0591 0.0579 0.0609 0.05614 0.0577 0.0584 0.0527 0.0525 0.0614 0.0577

Fig. 2. Variation of µm vs energy for DL-Arginine.

Table 3
Total attenuation cross-sections, σt 1023(barn/atom) of the amino acids.

Amino acids A B C D E F

energy Exp Theo Exp Theo Exp Theo Exp Theo Exp Theo Exp Theo

122 4.3100 4.2263 5.9164 5.7870 3.7527 3.8250 2.8255 2.6911 4.5799 4.4816 6.2438 6.0844
356 3.0495 2.9708 3.8254 3.7275 2.6588 2.6214 2.6399 2.5861 3.0272 3.0966 4.1448 4.0347
511 2.6446 2.5973 3.2904 3.1960 2.2177 2.2925 2.3639 2.2613 2.7873 2.7121 3.6324 3.5223
662 2.7623 2.3272 3.4093 2.8603 2.2451 2.1255 2.4103 2.0464 2.6167 2.4837 3.0213 3.1921
840 2.1593 2.0801 2.7029 2.5211 2.0109 1.8689 1.7119 1.8120 2.2668 2.1714 2.6342 2.8201
1170 1.8205 1.7296 2.2449 2.1295 1.5948 1.5574 1.4603 1.5312 1.9343 1.8389 2.5620 2.4254
1275 1.7200 1.6836 1.9616 2.0595 1.3331 1.4851 1.3382 1.4603 1.7984 1.7551 2.2090 2.1255
1330 1.6913 1.6463 2.0665 2.0246 1.5175 1.3989 1.4091 1.4262 1.5237 1.5180 2.3305 2.1901
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The Zeq depends on the chemical composition of materials. The
different energy shows the different interaction processes such as
photoelectric, Compton or pair production. The Zeq defined by
Kurudirek and Özdemir (2011) for computation of equivalent
atomic number, the ratio of Compton partial attenuation coefficient
(μm)comp and total attenuation coefficient (μm)total interacting ma-
terial have been interpolated within the corresponding ratios
(μComp/μtotal) database of the elements at the same energy
(0.015–15 MeV). The total mass attenuation coefficient (μm)comp

and partial Compton attenuation coefficient (μm) total were calcu-
lated by using NIST- XCOM data base.

=
− + −

−
Z

Z logR logR Z logR logR
logR logR

( ) ( )
eq

1 2 2 1

2 1 (8)

Where R is the ratio of selected biological materials at given energy.
The Z1 and Z2 are the elemental atomic number corresponding to the
ratio R1 and R2 respectively.

2) Computation of geometric progression (G-P) parameters
The buildup factor data for 23 elements, one compound, two mix-
tures (air and water) and concrete at energies in the range
0.015–15 MeV up to penetration depths of 40 mfp using the G-P
Method Provided by American National Standards (ANSI/ANS-
6.4.3, 1991). Using the interpolation formula, five G.P. fitting
parameters (b, c, a, Xk and d) for selected samples were computed at
the different incident photon energies using equivalent atomic
number (Zeq), in the chosen energy range (0.015.15.0 MeV) up to
penetration depth of 40 mfp. The formula used for the purpose of
interpolation is

=
− + −

−
C

C logZ logZ C logZ logZ
logZ logZ

( ) ( )eq eq1 2 2 1

2 1 (9)

where C1and C2 are the values of the coefficients of G-P fitting

Table 4
Molar extinction coefficients, ε (cm2/mole) of the investigated amino acids.

Amino acids A B C D E F

energy Exp. The. Exp. The. Exp. The. Exp. The. Exp. The. Exp. The.

122 112.8226 110.5675 154.7823 151.3975 98.1772 100.0678 73.9184 70.4046 119.8179 117.2461 163.3475 159.1770
356 79.8251 77.7205 100.0779 97.5165 69.5585 68.5807 69.0629 67.6574 79.1978 81.0132 108.4349 105.5552
511 69.2269 67.9491 86.0816 83.6116 58.0197 59.9753 61.8436 59.1604 72.9194 70.9527 95.0295 92.1497
662 72.3086 60.8836 89.1919 74.8296 58.7368 55.6076 63.0575 53.5382 68.4565 64.9769 79.0423 83.5107
840 56.524 54.4193 70.7132 65.9564 52.6089 48.893 44.7855 47.4049 59.3038 56.8076 68.9137 73.7795
1170 47.6545 45.2492 58.7294 55.7105 41.722 40.7441 38.2050 40.0576 55.6059 48.1086 67.0270 63.4522
1275 45.0238 44.0465 51.3196 53.8809 34.877 38.8537 35.0106 38.2049 47.0497 45.9150 57.7922 55.6076
1330 44.2721 43.0694 54.0640 52.9663 39.7011 36.598 36.8634 37.3107 39.8636 39.7123 60.9658 57.2958

Table 5
Total atomic cross-sections, σa 1024(barn/atom) of the amino acids.

Amino acids A B C D E F

energy Exp Theo Exp Theo Exp Theo Exp Theo Exp Theo Exp Theo

122 2.2684 2.2244 2.1130 2.0668 1.8764 1.9125 1.4871 1.4164 1.7615 1.7237 2.0813 2.0281
356 1.6050 1.5636 1.3662 1.3312 1.3294 1.3107 1.3894 1.3611 1.1643 1.1910 1.3816 1.3449
511 1.3919 1.3670 1.1751 1.1414 1.1089 1.1462 1.2442 1.1902 1.0720 1.0431 1.2108 1.1741
662 1.4539 1.2248 1.2176 1.0215 1.1226 1.0628 1.2686 1.0771 1.0064 0.9553 1.0071 1.0640
840 1.1365 1.0948 0.9653 0.9004 1.0055 0.9344 0.9010 0.9537 0.8719 0.8352 0.8781 0.9400
1170 0.9582 0.9103 0.8017 0.7605 0.7974 0.7787 0.7686 0.8059 0.7440 0.7073 0.8540 0.8085
1275 0.9053 0.8861 0.7006 0.7356 0.6666 0.7426 0.7043 0.7686 0.6917 0.6750 0.7363 0.7085
1330 0.8901 0.8665 0.7380 0.7231 0.7588 0.6995 0.7416 0.7506 0.5861 0.5838 0.7768 0.7300

Table 6
Electronic cross-sections, σe 1025(barn/atom) of the investigated amino acids.

Amino acids A B C D E F

energy Exp Theo Exp Theo Exp Theo Exp Theo Exp Theo Exp Theo

122 5.1339 5.0313 5.2825 5.1670 4.6909 4.7812 3.6224 3.4502 4.8722 4.7677 5.4770 5.3372
356 3.6324 3.5366 3.4155 3.3281 3.3235 3.2768 3.3844 3.3156 3.2205 3.2943 3.6358 3.5392
511 3.1501 3.0920 2.9378 2.8535 2.7722 2.8656 3.0306 2.8991 2.9652 2.8852 3.1863 3.0898
662 3.2904 2.7705 3.0440 2.5538 2.8064 2.6569 3.0901 2.6236 2.7837 2.6422 2.6503 2.8001
840 2.5721 2.4763 2.4133 2.2510 2.5136 2.3361 2.1947 2.3231 2.4115 2.3100 2.3107 2.4738
1170 2.1685 2.0591 2.0043 1.9013 1.9935 1.9468 1.8722 1.9630 2.0578 1.9563 2.2474 2.1275
1275 2.0488 2.0043 1.7515 1.8389 1.6664 1.8564 1.7157 1.8722 1.9132 1.8671 1.9378 1.8645
1330 2.0146 1.9599 1.8451 1.8077 1.8969 1.7487 1.8065 1.8284 1.6210 1.6149 2.0443 1.9211

Fig. 3. Variation of σt vs energy for DL-Arginine.
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parameters corresponding to the atomic numbers Z1 and Z2, re-
spectively at a given energy and Zeq is the equivalent atomic number
of the given material.

4. Computation of energy absorption buildup factor

Firstly, computed G. P. fitting parameters were then used to com-
pute the energy absorption and exposure buildup factors for the se-
lected samples at some standard incident photon energies up to a pe-
netration depth of 40 mean free paths of shielding thickness as given by
following equations, with the help of G.P. fitting formula,

= + −
−

− ≠B E X 1 b 1
K 1

K 1 At K 1( , ) ( )x (10)

= + − =B E X b At K1 1( , ) ( ) 1 (11)

= +
− − −

− −
( )

K E x cx d
tanh 2 tanh 2

1 tanh 2
( , )

( )

( )
a

x
Xk

(12)

Where parameters b and K are corresponding to a buildup factor at
1 mfp and a multiplication factor of dose through 1 mfp photon pene-
tration, respectively. Parameter K is obtained by for X using parameters
b, c, a, d and Xk.

5. Result and discussion

The photon interaction parameters like mass attenuation coefficient,
total atomic cross section, molar extinction coefficient, total electronic
cross section, effective atomic number, effective electron density of the
some amine group biological material such as Aspartic acid,
Monosodium salt monohydrates (A), D-Arginine monohydrochloride
(B), D-Asparagine mono Hydrates (C), D-Glutamic acid(D), DL-Arginine
(E), DL-arginine monohydrochloride monohydrates(F) were calculated
in the energy region 122–1330 keV. The application of selected energy
region is in the medical diagnosis. Table 1 shows the chemical and
physical parameter of the sample calculated by standard formulae.
Table 2 shows that the mass attenuation coefficient of the biological
material shows the variation as compared to the theoretical value.
Theoretical data represented by the NIST XCOM program and experi-
mental data with narrow beam photon interaction with the material
have slight variation. The variation in the theoretical and experimental
value of the mass attenuation coefficient is dependent on chemical
composition and thickness of the sample. Fig. 2 shows for a single se-
lected amino acid for checking the behaviour of the mass attenuation
coefficient with energy. This shows that the energy is increasing, the
mass attenuation coefficient of the sample is decreasing. The CT scan-
ning is related to the interaction process coherent (Rayleigh-Jeans
scattering), photoelectric and incoherent scattering (Compton scat-
tering). The Compton scattering is dominated for biological materials
by E. c. McCullough similarly our result shows the same. The Tables 3, 5
and 6 shows the total attenuation cross section, total atomic cross
section, and electronic cross section. The earlier studies by (Bursalıoğlu

Fig. 4. Variation of σa vs energy for DL-Arginine.

Fig. 5. Variation of ε vs energy for DL-Arginine.

Fig. 6. Variation σe vs energy for DL-Arginine.

Table 7
Effective atomic number, Zeff of the investigated amino acids.

Amino Acids A B C D E F

energy Exp Theo Exp Theo Exp Theo Exp Theo Exp Theo Exp Theo

122 4.4249 4.9796 3.9962 4.0303 4.0085 4.0244 4.116 4.1605 3.6139 3.5485 3.7974 3.9476
356 4.4077 4.9157 4.0058 4.0172 4.006 4.0116 4.1124 4.141 3.6024 3.5576 3.794 3.9386
511 4.4126 4.8943 4.0136 4.0128 4.8899 4.0073 4.0924 4.1344 3.6026 3.5607 3.7931 3.9355
662 4.4072 4.879 4.0131 4.0097 3.9858 4.0042 4.11 4.1298 3.633 3.563 3.8 3.9333
840 4.4357 4.865 4.0041 4.0068 4.0239 4.0014 4.1142 4.1254 3.6182 3.565 3.8011 3.9313
1170 4.4147 4.8456 4.01 4.0028 4.005 3.9975 4.1123 4.1194 3.6116 3.5679 3.7956 3.9285
1275 4.4146 4.8406 4.0057 4.0018 4.4042 3.9965 4.093 4.1179 3.623 3.5686 3.7956 3.9278
1330 4.4278 4.8382 3.9892 4.0012 3.8056 3.996 4.0994 4.1171 3.6172 3.569 3.808 3.9275
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et al., 2014) for this parameter, comparably both shows equal beha-
viour of result and the value of amino acid decreases with increasing
photon energy graphically shown in Figs. 3, 4 and 6. Molar extinction
coefficients were tabulated in Table 4 and graphically represented in
Fig. 5. Many researchers work on the effective atomic number and ef-
fective electron density of the C H N O based biological material. The
data on the effective atomic number for selected amino acid tabulated
in the Table 7 which shows variations in theoretical and experimental
calculated value. Systematic behaviour is shown graphically in Fig. 7.
This data compare with Kumar and Reddy (1997), theoretically we
gave the same explanation. We represent the linearly fitting for finding
the accurate pick point of the material with energy using the ORIGIN
2016 professional software and it has observed that the value of Zeff is
independent shows no effect of photons at selected region. Manohara
et al., studied the value of Zeff decreases with increasing energy of three
dominant interaction process (photoelectric, Compton and pair pro-
duction). The result displays no change or variation of Zeff with selected
energy region because of the multiple scattering, this shows Compton
scattering is dominating and the higher energy value of Zeff is linearly
decreases. Similarly, Table 8 show no change in effective electron
density (Neff) with entire selected energy region. Effective electron
density (Neff) measuring the probability distribution of electron, we use
the gauss fitting method to find the accuracy of peak point for showing
the nature of experimentally measured and XCOM value shown in
Fig. 8. The value of Neff slightly decreasing then the energy increase had
no change. Kumar and Reddy (1997) showed that the Zeff does not
change in the energy range 400–1400 keV. The present results are in
good agreement with literature, i.e. the effective atomic number and
effective electron density are related to each other (More et al., 2016).
Also Fig. 9 shows the experimental value of the Zeff and Neff as a
function of energy explain no effect of energy on the material. We agree
the given information comparing with the NIST XCOM available data,

but having little bit error in the analysis. The systematic errors occur-
ring from narrow beam geometry. The intensity fitted in the Gaussian
curve to analysis narrow field (Torikoshi et al., 2007). The studies of
electron density in the entire energy range show the electron to have
Gaussian distribution in the energy region (Petwal et al., 2010). This
data is useful for measure the radial dose of the material.

6. Effect of incident photon energy and penetration depth on EABF

Using G-P fitting method we observed that the significant variation
in value of the EABF in the energy range 0.015–15 MeV up to pene-
tration depth 40 mfp shown in Fig. 10 (a–d). The intermediate value of
EABF is higher in respect with intermediate energy. The energy beha-
viour like Epe< Ecomp< Epp shows the photoelectric effect is dom-
inating at low energy. The intermediate value is higher upto 40 mfp in
this medium the Compton scattering is main interaction processes be-
cause of multiple scattering slowly remove the photon this occur higher

Fig. 7. Variation of Zeff energy for DL-Arginine.

Table 8
Effective electron densities, Neff (1023 electrons/g) for the investigated amino acids.

Amino acids A B C D E F

energy Exp Theo Exp Theo Exp Theo Exp Theo Exp Theo Exp Theo

122 2.9264 3.2932 3.2017 3.229 3.2158 3.2286 3.2039 3.2386 3.2497 3.2514 3.243 3.2227
356 2.915 3.2510 3.2094 3.2185 3.2138 3.2183 3.2011 3.2234 3.2394 3.2481 3.24 3.2154
511 2.9183 3.2368 3.2156 3.215 3.9229 3.2148 3.1856 3.2182 3.2396 3.254 3.2393 3.2129
662 2.9147 3.2267 3.2152 3.2125 3.1976 3.2123 3.1993 3.2147 3.2399 3.2529 3.2452 3.2111
840 2.9335 3.2174 3.2080 3.2102 3.2282 3.2101 3.2025 3.2112 3.2446 3.2505 3.2461 3.2094
1170 2.9196 3.2046 3.2127 3.207 3.213 3.207 3.201 3.2066 3.2387 3.2526 3.2414 3.2071
1275 2.9196 3.2013 3.2093 3.2062 3.5332 3.2062 3.186 3.2054 3.2393 3.2549 3.2414 3.2066
1330 2.9283 3.1997 3.1961 3.2057 3.053 3.2058 3.191 3.2048 3.2436 3.2526 3.252 3.2063

Fig. 8. Variation of Neff vs energy for DL-Arginine.

Fig. 9. Variation of Zeff and Neff energy for DL-Arginine.
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build up factor at intermediate section similarly up to 0.1 MeV energy is
increasing buildup factor is decreasing this shows fast removal the
photon. The photoelectric and pair production value of energy ab-
sorption buildup factor is lower this shows that in this process fast re-
moval the photon occurred. Fig. 11 shows gamma ray EABF value of
DL-Arginine was lowest at 1 mfp and highest at 40 mfp. The fig shows
that the increasing penetration depth also increases the EABF due to
increasing the value of Zeq and scattered photon. This sample reflects
that the penetration depth was higher in the three interaction process
the Compton scattering reveal that linearly increasing EABF.

7. Conclusion

We have reported that the mass attenuation coefficient, molar ex-
tinction coefficient, total cross section, total atomic cross section elec-
tronic cross section, Zeff, Neff of the selected six amine group biological
materials in the energy region 122–1330 keV. The given data have good
agreement with comparing NIST XCOM database and EABF of DL
Arginine at 0.015–15 MeV. The study of photon interaction studies with
biological material at specific energy. This study shows that the at-
tenuation parameter is depending on the thickness and chemical com-
position of the biological material in the given energy region. The im-
portant part of this study is experimentally measured value of effective
atomic number and effective electron density cannot show the variation
at energy region 122–1330 keV with using Gaussian fitting for accu-
racy. The value Zeq increases EABF also increases, hence EABF is de-
pend on the chemical composition of material. The highest value of
energy absorption buildup factor observes in the middle portion be-
cause of multiple scattering (Compton scattering) and lowest values in

another two absorption process (photoelectric and pair production).
This study gives better understanding of photon build up control in
amino acids as well as proteins. We gave the primary data which are
useful in medical physics, medical diagnosis, medical dosimetry and
researcher working in this field.

Fig. 10. Variation of the energy absorption buildup factor with photon energy for selected amino acids (A–E) in the energy region 0.015–15 MeV at (a) 1 mfp, (b) 10 mfp, (c) 20 mfp and
(d) 40 mfp.

Fig. 11. The energy absorption buildup factor for DL-Arginine up to 40 mfp at
0.05–15 MeV.
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