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INDIA

ABSTRACT-A study of effective atomic numbers of tissue equivalent compounds has been carried out
in the energy region 1 to 100 MeV for electrons and ions. It is noticed that in general the effective atomic
number for electrons increases slightly with energy, for Helium ions remains more or less the same and

for heavy ions it increases initially and then decreases.

1. INTRODUCTION

A systematic study of the interaction of
photons, electrons and ions with biologi-
cal materials and tissue equivalent com-
pounds is important in the field of Radia-
tion Physics. Accurate data about effec-
tive atomic numbers is required to evalu-
ate the absorbed dose for the high energy
beams produced by accelerators used in
medicine. Reports pn the attenuation co-
efficients and stopping powers of individ-
ual elements and a few compounds, mix-
tures and biological materials have ap-
peared[1],[2]. White[4] performed a
detailed study on the effective atomic
numbers for photons and electrons for
partial processes in biological materials.
However, these studies are restricted to
the Z exponents and their variation with
energy. Investigations on effective atomic
numbers and its variation with energy for
partial as well as total interactions for
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photons are reported [4] in the energy
region 10 to 200 KeV. On the basis of
cross-section per electron, Yang et al[5]
have derived effective atomic numbers
which are less energy dependent in the
low energy region. It appears that, in the
high energy region, no study has been
previously published on the total effective
atomic numbers particularly for charged
particles and ions. The present study is a
comparison of the effective atomic
numbers of tissue equivalent materials
such as polyethylene, polystyrene, Nylon,
Lexon, Plexiglass and Bakelite in the
energy region 1 to 100 MeV for electrons
and ions.

2. EVALUATIONS

The effective atomic numbers for photons
of composite materials can be computed
from the cross-section data of the con-
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stituent elements according to the previ-
ous suggested procedures [5]. The mass
attenuation coefficient of the composite
material is the arithmetic sum of the mass
attenuation coefficients of the constituent
elements in the proportions they exist in
the composite material (additivity law).
The effective atomic number of the com-
posite material can be directly extracted
from a plot of the attenuation coefficient
(expressed per atom) as a function of
atomic number. Similarly, the effective
numbers for the tissue equivalent materi-
als are obtained by using the same proce-
dures by substituting the stopping powers
of electrons and ions in the place of atten-
uation coefficients. The proportions of the
constituent elements of the materials are
obtained from their chemical formulae.
Mass stopping powers of the composite
materials are tabulated in Table 1 and the
derived effective atomic numbers are
listed in Table 2. The error in the derived
effective atomic numbers from the plots is
of the order of 0.2.

3. DISCUSSION

It can be seen from Table 2 that, in gen-
eral, the effective atomic numbers for the
electrons increases slightly with the en-
ergy, for Helium ions it remains more or
less the same and for Carbon and Neon
ions it increases initially and then de-
creases. The effective atomic number at a
particular energy depends on the relative
dominations of the individual partial pro-
cesses and their dependence on Z. The
collisional and radiative processes are

predominant for electrons. The relative
contribution of the radiative process in-
creases with the energy and has a higher Z
dependence than the collisional process.
Hence the effective atomic number for
electrons increases with energy. Colli-
sional loss is the dominant interaction for
ions in the present energy region. Conse-
quently, the effective atomic number for
He ions remains more or less the same.
However, in the case of C and Ne ions,
the observed trends may be due to charge
exchange effects.

In the present study the chemical effects
due to elemental bonding are neglected by
the application of additivity law. This ef-
fect is not well understood for ions and is
not expected to be higher at higher ener-
gies [2]. The usual way for accounting for
chemical effect for electrons is to use the
mean excitation energy of the compound
computed theoretically. The effective
atomic numbers are evaluated for four
materials from the available data [1],[2]
and are listed in Table 3. It is seen that
the chemical bonding on the effective
atomic number is not very significant in
those materials within the range of errors.
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TABLE 1
MASS STOPPING POWERS
ELECTRONS (MeV cm2/gm) C IONS (MeV cm?/gm)
Energy in MeV Energy in MeV
1 5 10 20 50 100 096 480 960 1920 4800 96.00

Polyethylene 1.936 2.071 2255 2.536 3.245 4.345 Polyethylene 6.415 11.166 9.671 6.833 3.649 2.128
Polystyrene  1.790 1911 2.082 2353 3.056 4.174 Polystyrene  5.897 9.671 8413 6.023 3.327 1.954

Nylon 1.849 2010 2210 2517 3.285 4.465 Nylon 5.602 10097 8729 6.195 3.394 1.990
Lexan 1.749 1.892 2078 2371 3.124 4308 Lexan 5393 5393 7916 5679 3.186 1.879
Plexiglass  1.810 1.967 2180 2495 3.286 4.505 Plexiglass 5.358 9.637 8336 5934 3.285 1.932
Bakelite 1753 1.893 2.077 2368 3.115 4.292 Bakelite 5444 9.165 7961 5711 3.119 1.886
He IONS (MeV cm2/gm) Ne IONS (MeV cm?/gm)
Energy in MeV Energy in MeV

1.007 5.008 10.007 20.013 48.031 0996 4998 9.996 19.992 49.980 99.960
Polyethylene 2.684 1.138 0.618 0347 0.173 Polyethylene: 7.101 18280 22.012 18.673 11.708 7.733
Polystyrene 2368 0.555 0.317 0.159 0.996 Polystyrene:  6.549 16.129 18974 16.259 10.515 7.076
Nylon: 2408 1.025 0568 0324 0.162 Nylon: 6.187 16401 19911 16.764 10.767 7.210
Lexan: 2216 0935 0527 0305 0.153 Lexan: 5977 15.096 17.898 15.229 9998 6.789
Plexiglass: 2303 0979 0547 0313 0.158 Plexiglass: 5917 15.687 18.998 15.982 10.336 6.989
Bakelite: 2230 0941 0530 0306 0.154 Bakelite: 6.036 15.193 17.993 15.324 10.046 6.815
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TABLE 2
EFFECTIVE ATOMIC NUMBERS
Energy in MeV*

1 5 10 20 50 100

26 25 25 26 28 3.1
He 30 27 25 26 27 -
C 28 30 28 26 25 25
Ne 28 31 30 27 25 26
e 35 35 36 36 38 40
He 37 36 33 34 35 .
C 32 38 38 35 34 34
Ne 31 37 40 37 33 34
e 33 33 33 35 36 4.0
He 34 32 31 31 32 -
C 30 37 41 32 31 32
Ne 29 35 38 33 32 31
¢ 42 42 43 44 45 46
He 40 41 39 39 40 -
C 34 43 50 40 39 40
Ne 32 40 46 42 39 39
e 36 37 38 40 42 43
He 37 36 34 34 35 .
C 31 38 40 36 34 35
Ne 30 37 42 32 34 35
e 40 41 42 44 45 46
He 40 41 38 39 40 -
C 34 43 49 39 39 39
Ne 32 39 48 42 39 39

*The ion energies are very close to the energies
mentioned.

TABLE 3
EFFECTIVE ATOMIC NUMBERS FOR ELECTRONS

Energy in MeV

1 5 10 20 50 100

Nylon wlo 33 33 33 35 36 40
we 32 32 31 33 34 4.7

Lexan wlo 42 42 43 44 45 46
we 4.1 41 41 42 44 45

Polyethylene wfo 26 25 26 26 28 3.
we 26 25 25 25 27 29

Polystyrene w/o 35 35 36 36 38 4.0
we 35 35 35 36 37 39

w/o - without chemical effect
wc - with chemical effect
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