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Abstract
The gamma-ray shielding ability of different brands of quartz used for cladding the exterior walls of residential and non-
residential buildings has been investigated at 59.6 KeV, and 662 KeV gamma-energies. To this end, linear attenuation 
coefficient (µ), Half-value layer (HVL), and Tenth-value layer (TVL), and of the five Quartz brands were obtained. Based on 
those parameters, QD quartz brand is the highest attenuating brand of the other (2.781 cm-1, and 0.3657 cm-1), the QD 
brands offer these thickness to reduce the intensity by half, HVL (0.249 cm, and 1.896 cm), and TVL (0.8279 cm, and 6.289 
cm) at the two gamma energies 0.596 MeV, and 0.662 MeV respectively.
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Introduction
Early ignorance of the hazards of radiation resulted in 

numerous unexpected injuries to patients, physicians, and 
scientists, and as a result, some researchers took steps to 
publicize the hazards and set limits on exposure to radiation. 
A great deal of research, particularly animal studies, on the 
biological effects of radiation was carried out during and 
immediately after World War II. In 1949 the United States, 
Canada, and Great Britain held a conference at Chalk River, 
Ontario, on permissible doses of radiation. A number 
of new concepts concerning the measurement of dose 
had been developed through animal studies [1-4]. These 
included absorbed dose (measured in rad), dose-equivalent 
(measured in rem), relative biological effectiveness (RBE), 
which relates the rad to the rem for different types of 
radiations, and the absorbed dose as a function of photon 
energy [5]. For many buildings such as schools, churches and 
mosques, constructed in Ethiopia, quartz is used as cladding 
material. High attenuation coefficient materials used in a 
building construction especially for critical buildings such 
like accelerators, power stations and also hospitals, are 
very important for radiation shielding [6]. For the choice of 
shielding materials against radiation the characteristics of 
the material to attenuate gamma of specific energy is an 
important quantity and this has to be known. In choosing a 
material that is most suitable as a directly adhered cladding 
material for exterior walls, the gamma-ray shielding ability 

must be taken into consideration. The magnitude of the 
gamma attenuation depends on the incident photon energy, 
the atomic number and the density (ρ) of the materials [7-9]. 
With the rapid increase in the use and applications of ionizing 
radiation in several fields; such as medicine, agriculture, 
scientific and industrial areas, providing adequate protection 
to the public is becoming an important concern. Recently, 
Ethiopia is in accelerating development in science and 
technologies, such gamma sources have begun to commonly 
use. It is thus, useful to account for the shielding performance 
of the cladding facades against ionizing radiation. Therefore, 
we want to investigate the gamma-shielding property of the 
quartz used as external wall cladding in Ethiopia. Because not 
all building materials are the same quality through over the 
world [10]. In this study, the linear attenuation coefficient 
for some Quartz samples are measured by using a gamma-
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be expressed by the probability that a photon will interact 
with matter per unit length.

The radiation shielding for any material can be determined 
in terms of the linear attenuation coefficients µ (cm-1) [12]. 
The linear attenuation coefficients µ are measured by the 
following equation:

0

xI eI
µ−=               (1)

Where µ (cm-1) is the linear attenuation coefficient, Io 
is the gamma ray intensity at zero absorber thickness, I is 
the gamma-ray intensity transmitted through an absorber 
of thickness x (cm). where, is the attenuation coefficient 
(expressed in cm-1). The ratio (I/Io) in Eq.1 is called the 
gamma ray transmission and the above equation is known as 
the beer-lamberts law. Measurements with different sources 
and absorbers show that the attenuation coefficient (µ) 
depends on the gamma-ray energy and the atomic number 
(Z), thickness of absorber and density (ρ) of the absorber. 
The attenuation coefficient in Equation is called the 6linear 
attenuation coefficient. The relation in Eq. 1 is a straight line 
between in (I/10) and thickness x and the slope of this straight 
line gives µ.

Results and Discussion
The intensity of the two gamma energies was recorded 

without (Io) and with ceramics (I). During the experiment, 
gamma spectrums were saved and the intensity of each peak 
was determined using measure computerized software. The 
spectra obtained during the experiment with different brands 
of quartz were shown in Figure 2 and Figure 3.

Experimental Linear Attenuation Coefficient 
of Quartz Brands

The linear attenuation coefficient of ceramic brands per 
each energy was obtained using the slope of in (I/10) versus 
thickness (x) curves. The curves were drawn by data plotting 
software called origin software.

ray spectrometer and gamma sources 241 Am and 137 Cs. 
Measurements are carried out in Jimma University, Physics 
Department. The use of this research is to develop a shielding 
of local and identify different brands of quartz samples used 
as best gamma attenuator.

Materials and Methods
Five different quartz brand products were purchased 

from Addis Ababa construction materials shop prioritizing 
Ethiopian origin. From the five different brands of quartz 
purchased; quartz capsules were coded as QD, QN, QRo, 
and QRy. The samples characterized by measuring thickness 
by using the micrometer gauge. The characteristics of each 
sample after labeling were saved in a computer and the 
information was used during data analysis. Quartz samples 
were arranged and placed between radioactive sources and 
detector. The distance between source and detector was 12 
cm; the experiment was repeated three times to minimize 
uncertainty and taken the average intensity for that particular 
peak. The data was saved in a computer and the sources 241 
Am (59.6 keV) and 137 Cs (662 keV) were used as a radioactive 
source. The measurements were performed using gamma-ray 
spectrometer system containing sodium iodide with thallium 
activated crystal (NaI (Tl)) detector, multichannel analyzer 
(MCA), measure, and origin computerized software program, 
and high voltage power supply, and the experimental setup as 
shown in Figure 1. The method of the experimental procedure 
is known as the narrow beam gamma technique which is 
used to examine the ability of the materials against gamma 
radiation and used to determine attenuation coefficient of 
materials [11].

The Measurement of Linear Attenuation 
Coefficients

Attenuation of gamma radiation is an important 
component of radiation safety programs aiming to reduce 
personnel exposure to ionizing radiation. This process can be 
described by the linear attenuation coefficient, µ which can 

         

Figure 1: Schematic Diagram of Experimental set up.
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Figure 2: Gamma ray spectrum of 241 Am (with QD Quartz).

         

Figure 3: Gamma ray spectrum of 137 Cs (with QN Quartz).

shown in the Table 1. When the gamma energy increases 
the gamma attenuation coefficient of the quartz brands 
decreases. From Table 1, QD quartz brand, as an example has 
a linear attenuation coefficient of 2.7811 cm−1 for Eγ = 0.0596 

The graphs for in (Io/I) versus thickness (x) curves per 
each energy of their slopes were shown in Figure 4. The 
experimentally determined gamma attenuation coefficient of 
quartz samples depends on gamma energy and quartz brands 
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Figure 4: Variation of ln (Io/I) versus thickness of Quartz brands for 0.0596 MeV.

Table 1: µExp and HVL of Quartz brands at the two gamma energies.

Eγ (MeV) Quartz brand µ (cm-1) HVL (cm)

0.0596

QD 2.781 0.2492

QN 2.319 0.29887

QRo 2.2909 0.3025

QK 2.0505 0.3380

QRy 1.9317 0.3588

0.662

 

 

 

 

QD 0.3656 1.8955

QN 0.3260 2.1257

QRo 0.2554 2.7139

QK 0.1991 3.4807

QRy 0.1538 4.5059

Conclusion
From the result, we concluded that the linear attenuation 

coefficient depends on the nature of absorbing materials 
and the energy of incident photons. From the experimental 
results, QD quartz brand is the most gamma attenuator of 
all the four other brands and QRy quartz brand is the least 
gamma attenuator from the other four quartz brands at 59.6 
keV, and 662 keV gamma energies.
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