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A Monte Carlo code is proposed for determination of mass attenuation coefficients of gamma rays for some
polymer and plastic materials. It is based on simulation of interaction processes of gamma rays with the energy of
59.5, 80.9, 140.5, 279, 356.5, 511, 661.6, 1173.2, 1332.5 keV with matter. The method was tested by comparison of
the simulation results with the literature values (ANSI/ANS-6.4.3 and GRIC toolkit). The compatible behaviour
of mass attenuation coefficients versus incident photon energy for the investigated energy range approves the use of
this code for the extended energy range and several materials. Also, the values of half-value layer were calculated
for assessment of shielding effectiveness of these materials.
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1. Introduction

With the increasing use of gamma radiation in various
applications in industry, medicine, agriculture, nuclear
reactors and particle accelerators, the exposure for longer
duration to these radiations can cause very harmful ef-
fects on human health. Therefore, the usage of shielding
becomes of a paramount importance for using this radia-
tion without a risk [1]. Various researches concerning the
interaction of gamma-rays have been published in litera-
ture [1–7] and such studies are still actual.

The mass attenuation coefficient is an important pa-
rameter for characterization of the penetration and of
interaction of gamma-rays with materials. The probabil-
ity of interaction of gamma-rays per unit of length of a
given absorber characterizes its linear attenuation coef-
ficient. However, linear attenuation coefficient depends
on the material physical state and for this reason it is
usually substituted by the mass attenuation coefficient,
which is the linear attenuation coefficient divided by the
density [7].

When a gamma radiation beam reaches some absorber
material the attenuation occurs in accordance with the
material chemical composition and the photon energy,
resulting in reduction of its intensity. The decrease of
beam intensity results from the combination of photon
absorption and deflection. Therefore, mass attenuation
coefficient depends on the absorber nature, as well as on
the gamma-ray initial energy [7].

In the present work simulations were performed to de-
termine the mass attenuation coefficients for some poly-
mer and plastic materials. The obtained results were
compared with the results in literature, obtained by other
methods. Calculations of the half-value layer parameters
have been carried out for better evaluation of the shield-
ing effectiveness of these materials.
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2. Materials and methods
In the present study, mass attenuation coefficients of

gamma rays for some polymer and plastic materials have
been calculated and the values of half-value layer param-
eter of these materials have been studied to assess their
shielding effectiveness. Elemental compositions and den-
sities of studied materials obtained from the literature
are given in Table I.

The mass attenuation coefficients, µ/ρ (cm2 g−1) were
calculated according to Eq. (1), which is based on the
Lambert-Beer law:

µ

ρ
=

1

ρt
ln

(
I0
I

)
, (1)

where ρ is the density of sample, I0 and I are incident and
transmitted intensities, respectively, and t is the thick-
ness of the sample. The transmitted intensity of photons
was determined by Monte Carlo simulation. Attenuation
of a collimated beam of one million gamma-rays was sim-
ulated for each of samples using the method detailed in

Fig. 1. Plot of ln(I0/I) versus attenuator material
thickness (for sample 1 (S1), at photon energy of
80.9 keV).

our previous studies [9, 10]. In our algorithm, for each
incident photon, the free path length is sampled accord-
ing to an exponential distribution. Therefore, the cross
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sections of attenuator samples are calculated with the
XCOM database, developed by Berger et al. [11]. A fit
relation given in Eq. (2), where x = lnE and p1, p2, p3,
p4 and p5 are parameters of photoelectric absorption and
incoherent scattering obtained separately for each sam-
ple, was obtained for the energy range of 10–2000 keV by
using the cross sections for photoelectric absorption and
incoherent scattering.

µ = exp
(
p1 + p2x+ p3x

2 + p4x
3 + p5x

4
)
. (2)

The photons that reach the detector system are counted.
In this way, the transmitted intensity I of photons is

obtained. By plotting ln(I0/I) versus thickness of target,
as shown in Fig. 1, the slope is calculated and this value
is used in Eq. (1).

Half value-layer (HVL), the thickness of the shielding
materials necessary to reduce the intensity of the gamma-
ray to half of the incident value [12], can be calculated
using the following relation

HVL =
0.693

µ
, (3)

where µ is the linear attenuation coefficient.

TABLE I
Elemental composition and density values of the investigated samples [8].

Sample
code

Sample
Density
[g cm−3]

Elemental composition [% by weight]

S1 Bone-equivalent plastic (B-100) 1.45 H(6.55), C(53.7), N(2.16), O(3.21), F(16.75), Ca(17.66)
S2 Polyvinyl chloride (PVC) 1.41 H(4.84), C(38.44), Cl(56.73)
S3 Air-equivalent plastic (C-552) 1.76 H(2.47), C(50.17), O(0.46), F(46.53), Si(0.40)
S4 Radio chromic dye film (nylon base) 1.08 H(10.20), C(65.44), N(9.89), O(14.47)
S5 Polyethylene terephthalate (mylar) 1.38 H(4.20), C(62.51), O(33.31)
S6 Polymethyl methacrylate (PMMA) 1.19 H(8.06), C(59.99), O(31.97)

M1 Concrete (NBS) 2.25 H(0.0056), O(0.4983), Na(0.0171), Mg(0.0024), Al(0.0456),
Si(0.3158), S(0.0012), K(0.0192), Ca(0.0826)

M2 Water 1.0 H(0.1119), O(0.8881)

3. Results and discussion

Firstly, the proficiency of the written Monte Carlo code
for simulation of the gamma-ray attenuation has been
validated. This validation has been made by compar-
ing the simulation results with values from the literature
(Table II). Table II shows that simulation results are in
accord with the results of other researchers. Based on
this accordance, mass attenuation coefficients for the en-
ergies, especially those used in experiments, which are
not available in the literature, have been calculated and
the results are presented in Table III. Data presented
in Table III may provide useful knowledge for the ex-
perimental researchers, by providing a superior shielding
material for a given radioactive source.

Below 100 keV, the highest value of mass attenuation
coefficient is obtained for PVC. It shows better attenua-
tion than concrete for low energies and this finding is also
supported by the results of Mann et al. [8]. For the val-
ues above 100 keV, S4 has a better shielding effectiveness
for gamma-rays.

Another way for assessment of shielding effectiveness
of the investigated materials is to calculate the half-value
layer thicknesses. The variance of HVL of the selected
materials with incident photon energy is shown in Fig. 2.
It was observed that the HVL values for all of the stud-
ied materials increase sharply up to energy of 100 keV,

TABLE II

Comparison of Monte Carlo results with literature values
for the validation of the written code.

Mass attenuation coefficient [cm2 g−1]
Energy
[keV]

ANS 6.4.3,
1991 [8, 13]

GRIC-toolkit
[8]

Monte Carlo
(This study)

Water Concrete Water Concrete Water Concrete
100 0.167 0.170 0.165 0.167 0.163 0.170
300 0.118 0.107 0.118 0.107 0.118 0.107
500 0.097 0.087 0.097 0.087 0.096 0.086
800 0.079 0.071 0.079 0.071 0.078 0.071
1000 0.071 0.064 0.071 0.064 0.070 0.064

similar to results of Singh et al. [12]. From Fig. 2 it
is clear that PVC and radio chromic dye film (nylon
base) require larger thickness whereas air-equivalent plas-
tic (C-552) requires the lowest thickness for shielding of
gamma-rays.

4. Conclusions

Two of the gamma-ray interaction parameters, mass
attenuation coefficients and half-value layer values have
been studied using a Monte Carlo code. The code
provides quick calculations of gamma-ray interaction pa-
rameters of the sample for the selected energy grid.
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TABLE III

Calculated values of mass attenuation coefficient of inves-
tigated materials.

Mass attenuation coefficient [cm2 g−1]

Energy S1 S2 S3 S4 S5 S6 Water
Con-
crete

59.5 0.257 0.295 0.166 0.176 0.176 0.174 0.186 0.294
80.9 0.195 0.204 0.151 0.169 0.157 0.166 0.172 0.199
140.5 0.143 0.142 0.126 0.143 0.134 0.141 0.151 0.142
279 0.112 0.111 0.105 0.122 0.113 0.117 0.122 0.108
356.5 0.104 0.101 0.095 0.109 0.100 0.107 0.113 0.101
511 0.090 0.088 0.086 0.094 0.089 0.091 0.094 0.085
661.6 0.081 0.078 0.079 0.084 0.079 0.082 0.085 0.078
1173.2 0.061 0.060 0.057 0.067 0.060 0.063 0.065 0.064
1332.5 0.058 0.055 0.054 0.061 0.058 0.059 0.062 0.055

Fig. 2. The variation of half-value layer of the investi-
gated materials with incident photon energy.

Results for investigated parameters are in good agree-
ment with the results from other works in the literature.
Finally, a comparison of shielding property of the selected
materials leads to conclusion that radio chromic dye film
(nylon base) has a better shielding effectiveness than con-
crete for gamma-rays above 100 keV.
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