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Application of Gamma-Ray Attenuation in Studying Soil Properties

ABSTRACT

The objective of this work is focused imalculate the total mass attenuation
coefficients, effective atomic numbers and electdemsities in some soil samples for
total and partialphoton interactions in the wide energy rarigiekeV—100 GeV).The
values of these parameters have been foamed with composition of soil and energy
while their trend has been found to be with all rgres The variations of these
parametersaccording to energy are shown for alpossible photon interactions.
WinXCOM codewas used to calculate soil mass attenuation ciexftis. There is good
agreement between experimental and theoreticaltsesthe obtaineddata should be
importantfor comparing radiation sensitivity and radiatidetection ofsoil. The results
of thiswork can be used for research in otseils with differentextiles

Kew words: Soil; Mass attenuation coefficients; Effectiverato number; Effective
electron number; WinXCOM
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INTRODUCTION

Soil is important for supporting and helping grovathagricultural crops. The soil's
natural cycles go a long way in ensuring that thie€ can provide an adequate physical,
chemical and biological medium for crop growth.I$ais very much attractive for future
not only due to its potential applications in theld of agriculture but also in other
applications in constructions, electronics and gyeifficient savers. So, it issefulto get
accurate information abouwl possible interactions in the soil sampléke attenuation
interaction parameters e.gnass attenuation coefficients, effective atomianhbaer,
effective electron density, aresedto study all possible photon interactidmscause they
depend onthe energy of incidenphoton andthe composition typeof the absorbing
material.

Studying photon attenuation with matter for difffreompound materials have been
discussing by severalorkersin different categories such as compounds, allgiass,
minerals, andiology and so on [1-15]. The objective of this study iscédculate mass
attenuation, effective atomic numbers and electdemsities of some selected soil

samples.

METHOD OF COMPUTATION AND THEORETICAL BASIS

When a material of thickness x is placed in thd pdita beam of monoenergetigay
or X-ray radiations, the intensity of the beam \éd attenuated according to the Beer—
Lambert’s law,
[ =Ije ™ (@D
where b and | are the incident and attenuated photon sitierrespectively, and (cm™)

is the linear attenuation coefficient of the matkriMass attenuation coefficient is a

2
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density-independent and more accurately charactgra given material. Mathematical
rearrangement of Eqg. (1) yields the following equatfor the mass attenuation

coefficient (cni.g)[11-14]:

s=min(?) @

px
wherep (g.cni®) is the measured density of the material. Thd totss attenuation for a
material composed ohanyelementsan be calculateds the sunof the (1/p); values of

each element by the followirfgrmulg11-14]::

(¢) =2 (}) ©

wherec; and (/)i are thefraction weightand the mass attenuation coefficient of ititie

element in the materialvith that rule:

i =1 (4)
For a chemical compound the weight fraction is gilsg:
_ M4
= Sona; (5)

The average atomic cross-sect@mytan be obtained as follojg1-14]::

1
04 = O'mﬂ (2)

Similarly, the average electronic cross-sectignan be obtained as follow:

oo =5 L2 () (3)

Zi \p i
where f; =n;/Y;n; and Z are fractional abundance and atomic numbetlefents
respectively. nis the number of atoms of the constituent elenfept,; = n is thecan be

obtained as follovj11-14]::

Zeff :U_e (4)
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The number of electrons per unit mass (effectieetedbn number), Nof the materiatan

be obtained as follow

Ng = @ = (Zei) NyXimy )

O¢ M

RESULTSAND DISCUSSION

The soil samples used in this study was taken freendifferent physical agricultural
zones in Egypt with different fractions of sandaxse silt, fine silt, coarse clay and fine
clay. Concentration of chemical compounds in theestigated soil samples was
determined by using set of chemical reactions am/entional methodsWWinXCOM
program was applied for calculatinbe mass attenuation coefficients of soil samples
(Gerward et al.,, 2004). The software can generatssesections and attenuation
coefficients for elements, compounds or mixtureghaenergy range between 1 keV and
100 GeV, in the form of total cross-sections andratation coefficients as well as partial
cross-sections of the following processes: incafteseattering, coherent scattering,
photoelectric absorption and pair production infie&l of the atomic nucleus and in the
field of the atomic electrons. The program possesseomprehensive database for all
elements over a wide range of energies, construtheough the combination of
photoelectric absorption, incoherent, coherenttagag, and pair production (nuclear
and electric field) cross-sections. The partial &otdl mass interaction coefficients are
also tabulated in the database.

The photon attenuation coefficient§/p), Ze and Ny of all soil samples were

calculated. The result of total mass attenuatiogffmdents of soil sampleis shown in
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Fig.1. The variation of(p) is due to chemical composition of soil and the deait
photon energy.

There three different regions for the distributminmass attenuation against energy.
The first region which is defined as the photoelectric absorptiogiore where mass
attenuation coefficients have the highestximumvalues proportional to atomic number
Z*® The second regignwhich is defined as théntermediate energy region, the
incoherent scattering is the most effectiVee third regionwhich is defined as thisigh
energy region, mass attenuation coefficients irsgeavhere the pair production is
maximum effecand mass attenuation is proportionailte square of atomic number

The behavior of & for photontotal interaction reflectsow it is importanthe partial
photon interaction with thesoil samples The photon interaction processgsay a
significant role in thisfield, since the interactionsoccur at low energies, where
photoelectric absorption is the most importantrextBon process.

The changeof Zgsand N,ywith photon energy are shown in Figs. 2 anth3ll soil
samplesthe interaction ophotonsis related tceffective atomic numbevalues and the
energy of photong/hich it can be negligible at high energies. From Figt & clear Zsi
increasedn the investigatedoils and thendecreasedip to 10 MeV. Above 100 MeV,
Zes Will be constant. Thisbecausehe effect of pair production in theegion of high
energy. TheZe of all soil samples ikigher due to thexits of some high Z elements.

The behavior of & for total photoninteractionindicatesthe importance of the partial
photon interactiomehavior At lower energy(E < 0.01 MeV), the maximum value of:Z
is exist At middle (0.05 MeV < E < 5 MeV), where Compton scatterisgthe main

response of photon interaction procesg; i& nearly equal tothe mean of the atomic



122 number which can be calculated according to theniite, < Z >= %Zini Z;. The third

123 region is high energie¢E > 100 MeV), 4 is still constant but smaller than in the low-
124  energy range. This is due to th#ect of pair productionprocessand the cross section
125  which has Z dependence. It is seen from Table 1, theeelistteragreement in Compton
126  scattering through thmain photon interaction process.

127  The variations of i with photon energy for total interaction procesgég.3) are the
128 same aZes and can be explained Biye same wayit can benoticedthat the value of N
129 is found toextendwithin (2.94-3.07x18electron.g) as shown in Table 2. This can be
130 explained on thesimilar way based omas for Zg. The calculation values of atomic
131  numbers and electronic densities are showfig.4 and 5. Both ahemare decreased to
132 10 MeV and then it is increased witie energies of photons

133

134  CONCLUSION

135 This study has beeappliedto study the effect of photons in soil by studymass
136  attenuation coefficientsphoton interactions parameteeffective atomic numbers and
137  electron density for different soil samples. Theults camappliedfor otherextendedsoll

138 samples. In the interaction of photons with tha&l, mass attenuationvalues are
139  depending orthe chemical structuresf the samples. The obtaineesultsof (/) are
140 varied with photon energy the main threeegions (photoelectric absorption, Compton
141  scattering and pair productioroth of electron density and effective atomic number are
142  closely related to each othand theyare depending on energVhe dependence on the

143 atomic number indicates that soil having higfective atomic numberabsorb strongly
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the incoming photons. The minimum value is found he intermediate region, where
Compton scattering isxistand Z¢ is approximately equal to the mean atomic number o
the soil. Thenighestvalue of Zi is foundat the low energyegion where photoelectric

absorption iexist
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211 Table 1. Effective atomic numberf of investigated soils at different energy (M@ total

212 photon interaction.
(El\qg%y Soil 1 Soil 2 Soil 3 Soil 4 Soil 5
10° 11.20 10.57 9.96 10.49 10.59
102 10.67 10.11 9.49 10.06 10.11
10? 11.15 10.43 9.85 10.32 10.45
10° 11.38 10.50 10.18 10.39 10.54
10t 11.28 10.47 10.07 10.36 10.50
107 11.14 10.14 9.94 10.31 10.44
10° 11.14 10.40 9.93 10.30 10.34
10* 11.13 10.40 9.93 10.30 10.34
10° 11.13 10.40 9.93 10.30 10.34
213
214 Table 2. Effectiveelectron numbegN, x 10°° electrons/g) of investigated soil at different
215 energy (MeV)for total photon interaction.
(EM”g%y Soil 1 Soil 2 Soil 3 Soil 4 Soil 5
10° 2.94 3.08 2.94 3.09 3.07
102 2.80 2.94 2.80 2.97 2.93
10? 2.93 3.03 2.91 3.04 3.03
10° 2.99 3.06 3.00 3.06 3.05
10* 2.96 3.05 2.97 3.05 3.04
107 2.92 3.03 2.93 3.04 3.02
10° 2.92 3.03 2.93 3.04 3.02
10* 2.92 3.03 2.93 3.04 3.02
10° 2.92 3.03 2.93 3.04 3.02

216

10
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219  Fig. 1.Variation of photon mass attenuation coedfic of some soil samples with photon
220 energy for total photon interaction.
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Fig. 3.Variation of Nwith photon energy of the soil samples for totabgeim interaction
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