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Abstract— In this study, the linear attenuation 
coefficients of NaO2C2H3, Na2CO3, NaF, NaNO3, Na2SO3, 
Na2SO4, NaCl, Mg(NO3)2, MgO, CaSO4, CaF2, CaHPO4, 
CaO6C6H10, FeCl2, FeCl3 and Fe2(SO4)3 compounds of 
some essential major Na, Mg, Ca and Fe elements have 
been measured using EDXRF (Energy Dispersive X-Ray 
Fluorescence Spectrometer). The experimental results 
are compared with theoretical results of WinXCom and 
FFAST.  
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I.  INTRODUCTION  

The attenuation and scattering occurs result of the 
interaction with matter of electromagnetic radiation. 
Therefore, the attenuation, scattering coefficients and 
cross sections are very important. Because, these 
parameters explains the interaction with matter of 
electromagnetic radiation. In this study examined the 
interaction with compounds of some essential major 
elements electromagnetic radiation. Essential 
elements are those that are required by an organism 
to it does maintain normal physiological function. 
Without the essential elements, the organism cannot 
complete its normal life cycle or achieve normal 
healthy growth; many such elements are key 
components of metalloenzymes or are involved in 
crucial biological functions, such as oxygen transport, 
free radical scavenging or hormonal activity. For 
human health purposes, the essential elements can 
be sub-classified according to the concentration (trace 
or major) in which they are found in body fluids and 
tissues [1]. In the literature, a variety of experimental 
data relevant to the linear attenuation coefficients of 
different samples available. Several of the studies in 
the literature are as follows. The linear attenuation 
coefficients and three interaction processes have 
been computed for liver, kidney, muscle, fat and for a 
range of X-ray energies from 1 keV to 150 keV [2]. A 
general formula to quantitatively relate the apparent 
linear attenuation coefficient values in cone-beam 
phase contrast tomography to sample's linear 
attenuation coefficients and refractive indices [3]. The 
linear attenuation coefficient values of regular and 
irregular shaped fly ash materials have been 
measured without knowing the thickness of a sample 
using a new technique namely "two media method" 
[4]. The X-ray linear attenuation coefficient was 
measured for materials containing elements hydrogen 

to calcium [5]. The near K-edge linear attenuation 
coefficients for stoichiometric crystalline and 
amorphous gallium arsenide has been present 
tabulated [6]. Solution technique is developed for the 
measurement of linear and mass attenuation 
coefficients of salts for gamma-rays and from them 
elemental attenuation coefficients are estimated [7].  

According to the literature results, there aren’t 
experimental data of linear attenuation coefficients for 
these compounds at 59.5 keV photon energy. This 
study was formed first experimental data. The aim of 
this work completes this deficiency of the literature 
and other studies create basis. 

II. METHODS 

The experimental geometry in the present study is 
shown in Fig. 1. The 59.5 keV 𝛾-rays were emitted 
from a filtered low-energy photon point source of Am-
241. The intensity of the source is 100 mCi. The 
experimental linear attenuation coefficients of samples 
have been measured by using energy dispersive X-
ray fluorescence spectrometer (EDXRF). The powder 
samples were compressed into pellets for 10 s at 15 
ton by using a manual hydraulic press. Target had a 
diameter of 13 mm.  
 

 
Fig. 1. Experimental arrangement. 
 
Linear attenuation coefficient (µ) is the fraction 
of attenuated incident photons per unit thickness of a 
material. It represents the fraction of photons removed 
from a monoenergetic beam per unit thickness of 
material. Its complement is the transmitted portion of 
the beam. It is expressed numerically in units of 1/cm. 
The linear attenuation coefficient of a material can be 
measured experimentally using the application of 
Beer-Lambert’s law with standard transmission 
method by adopting narrow beam geometry. As seen 
Fig. 1; a parallel beam of monoenergetic photons 
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passing through sample is attenuated due to 
absorption and scattering. Attenuation due to 
absorption follows the Beer-Lambert’s rule 
 

𝜇 = − [
𝑙𝑛( 𝐼 𝐼0⁄ )

𝑡
]                                                                    (1) 

 

where, 𝐼0 and 𝐼 are the unattenuated and attenuated 

photon intensities, respectively, 𝜇 (cm
-1

) is the linear 
attenuation coefficient of the sample 

and   𝑡  thickness of sample. The best linear 
attenuation coefficients to obtain the powder 
samples were prepared for three different mass (g) 
and thickness (cm). lnI-t graphs have been drawn by 
using Origin Pro8. Slope of graphs have been 
obtained linear attenuation coefficients. Sample 
graph for Mg(NO3)2 is shown in Fig 2.  

0.24 0.26 0.28 0.30 0.32 0.34 0.36

13.710

13.715

13.720

13.725

13.730

13.735

13.740

13.745

13.750

(l
n

I)

t (cm)

Equation y = a + b*x

Adj. R-Square 0.96968

Value Standard Error

B Intercept 13.81802 0.01083
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Fig. 2. Sample a graph for Mg(NO3)2. 

The intensities of 𝛾 -rays were measured using a 
high-resolution Si(Li) detector (FWHM of 160 eV at 
5.96 keV) and the data were collected into 4096 
channels of a multichannel analyzer. The spectra were 
collected for a period of 1000 s. The net counts without 
absorber (𝐼0) and with absorber (𝐼) were obtained at 
the same and experimental conditions. A typical 
spectrum of 59.5 keV 𝛾-rays passed through MgO is 
shown Fig. 3. Theoretical values of linear attenuation 
coefficients for NaO2C2H3, Na2CO3, NaF, NaNO3, 

Na2SO3, Na2SO4, NaCl, Mg(NO3)2, MgO, CaSO4, CaF2, 
CaHPO4, CaO6C6H10, FeCl2, FeCl3 ve Fe2(SO4)3, have 
been obtained using WinXCom [8] and FFAST [9].  

In this study; effort has been made to be reduced 
error sources in transmission measurements. In an 
ideal transmission experiment, all photons must be 
sent on absorber sample with a paralel beam. But, in 
experimental studies, there is systematic, operational 
etc., errors every state. The errors in the present 
measurements are mainly due to counting statistics, 
nonuniformity of the absorber, impurity content of the 
samples and scattered photons reaching the detector. 
These errors are attributed to the deviation from the 
average value in the I and I0 (<1.3%), sample 
thickness (<0.7%), the mass of sample (<0.2%), 
systematic errors (<0.8%). 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Representative spectrum of 59.5 keV  𝛾-rays 
passed through MgO. 

III. RESULTS AND DISCUSSION 

 

In the present study, the linear attenuation coefficients 
for compounds of some essential major elements 
have been measured using EDXRF. The experimental 
results are compared with theoretical results of 
WinXCom and FFAST. WinXCom program base on 
mixture rule which gives the attenuation coefficients of 
any substance as the sum of the appropriately 
weighted contributions from individual atoms. The 
mixture rule can be interrogated because this rules 
negligible effects with each other of atoms in 
compound.The values in the FFAST data set are 
calculated by different methods than the WinXCom 
data set and may produce different results. WinXCom 
(1 keV to 100 GeV) databases were developed for 
radiological physics and dosimetry and are based on 
the same theoretical calculations, which will be 
referred to as the WinXCom data set. The FFAST 
database was produced for x-ray diffraction, 
interferometry, crystallography, and related areas and 
covers energies from 1-10 eV to 0.4-1.0 MeV.  
The experimental and theoretical linear attenuation 
coefficients for compounds of some essential major 
elements are gives Table 1. The experimental 
effective atomic numbers (Zeff) are listed Table 1 [10]. 
Also, the relative deviations (RD) between the 
experimental and theoretical values (the values of 
WinXCom and FFAST) are presented in the last two 

columns in Table 1 at ±𝜎 , ( 𝜎  is the standard 
deviation). They have been calculated using the 
following equation: 
 

𝑅𝐷 =
[𝜇𝑡ℎ𝑒𝑜 − 𝜇𝑒𝑥𝑝]

±𝜎
                                             (2) 

The maximum errors in linear attenuation coefficient 
were determined from errors in intensities without (I0) 
and with (I) sample and thickness (t) using the 
following propagation of error formula: 
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Samples Zeff (Exp) [10] μExp (cm
-1

) μWinXCom (cm
-1

) μFFAST (cm
-1

) RDWinXCom RDFFAST

NaO2C2H3 5.808 0.318±0.008 0.309 0.318 -1.208 -0.031

NaNO3 8.086 0.427±0.025 0.452 - 1.000 -

Na2CO3 9.450 0.554±0.038 0.521 0.537 -0.871 -0.450

NaF 9.897 0.584±0.111 0.592 0.611 0.074 0.245

Na2SO4 11.648 0.635±0.062 0.678 0.699 0.695 1.036

Na2SO3 12.364 0.755±0.053 0.686 0.707 -1.308 -0.909

NaCl 14.230 0.744±0.056 0.783 0.805 0.686 1.076

Mg(NO3)2 7.921 0.279±0.007 0.293 0.301 1.937 3.033

MgO 10.042 0.816±0.111 0.834 0.844 0.160 0.250

C6H10CaO6 6.474 0.398±0.010 0.419 0.428 2.030 2.893

CaHPO4 12.290 1.037±0.097 1.087 1.111 0.515 0.763

CaF2 14.569 1.275±0.162 1.393 1.423 0.726 0.913

CaSO4 15.698 1.270±0.104 1.137 1.164 -1.286 -1.019

Ca 19.317 1.003±0.017 1.040 1.056 2.185 3.121

Fe2(SO4)3 15.661 1.499±0.173 1.653 1.696 0.892 1.139

FeCl3 20.537 1.998±0.070 2.079 2.131 1.167 1.912

FeCl2 22.126 2.481±0.136 2.503 2.566 0.165 0.628

Fe 26.839 9.982±1.769 9.668 9.903 -0.178 -0.045

∆(𝜇) =
1

𝑡
√(

∆𝐼0

𝐼0
)

2

+ (
∆𝐼

𝐼
)

2

+ (ln
𝐼0

𝐼
)

2

(
∆𝑡

𝑡
)

2

                 (3)   

The maximum errors for experimental linear 
attenuation coefficient added ±  next of values. The 
maximum errors are presented in the third column in 
Table 1. 

Table 1. The experimental and theoretical linear 
attenuation coefficients for compounds of some 
essential major elements 

 
Our experimental results agree with, generally, both 
the WinXCom and FFAST, there tends to be an 
overall better agreement with the WinXCom. Such 
results have been observed by earlier investigators 
[10, 11–13]. In composite materials like alloys, soil, 
plastic, biological material etc., for photon interactions, 
the atomic number cannot be represented uniquely 
across the entire energy region, as in the case of 
elements, by a single number. This number in 
composite materials is called “effective atomic 
number”, and it varies with energy [14]. As seen Table 
1, the linear attenuation coefficients increase as the 
effective atomic number is increase for compounds of 
Fe and Mg elements. But, these results haven’t 
observed for compounds of Na and Ca. The 
experimental and theoretical linear attenuation 
coefficients versus the experimental effective atomic 
number for compounds are graphically presented in 

Fig. 4. As examined in Fig. 4. there is an overall 
better agreement between experimental and 
theoretical values.  

 

 

 

 

 

 

 

Fig. 4. Linear attenuation coefficients versus 
experimental effective atomic numbers of compounds. 

 

IV. CONCLUSIONS AND RECOMMENDATIONS 

 

In this study, the linear attenuation coefficients for 
compounds of some essential major elements have 
been measured more sensitive with narrow-beam 
geometry. Also, the best linear attenuation coefficients 
(better agreement for theoretical) obtained more 
sensitive using ln I-t graph. These measurements can 
repeated for different energies, elements, compounds 
and methods. The experimental values can compared 
in other theoretical values except of WinXCom and 
FFAST. Although the linear absorption coefficient 
depend on thickness, varies from substance to 
substance and provides information about the nature 
of the substance. The big linear attenuation 
coefficients consider for samples have large 
absorption. Contrary to it, the small linear attenuation 
coefficients consider for samples have transmission. 
Generally, attenuation coefficients recall roentgen 
logic. So especially medicine mainly used in many 
areas. It provides us to have an idea about the 
structure of the material.      
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