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Abstract :
This study aimed to produce bone-like materials by investigating the radiation 

dose rate and mass attenuation coefficients (MACs) of eight metal-organic epoxy 
samples reinforced with different amounts of sodium chloride (NaCl). Gamma rays 
with an intensity of 60, 186, 242, 295, 352, 609, and 662 keV were used. These 
rays came from nuclear sources emitting 241Am, 226Ra, and 137Cs isotopes. A NaI(Tl) 
gamma ray detector was used to perform the measurements. The results showed that 
increasing the amount of the (NaCl) activator slowed the radiation dose rate. On the 
other hand, increasing the power and efficiency of the source significantly increased 
the dose rate. With a difference of less than 3%, the observed (MAC) values ​​were 
very close to the figures reported in ICRU Report No. 44. The results demonstrate 
that the manufactured composite materials can be used in place of conventional ma-
terials for dosimetry tasks, and can also be used in place of conventional materials to 
make tissue phantoms for medical and imaging studies.

Keywords: Radiation dose, Attenuation coefficients, γ- γ-radiation, NaI(Tl) de-
tector, Exposure rate.

التحديد التجريبي لمعدل جرعة الإشعاع في مواد مكافئة لأنسجة العظام
محســن حسن علي

قســم الفيزيــاء ، كليــة التربيــة للعلــوم الصرفــة، جامعــة تكريــت ، تكريت ، العراق.
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مستخلص:

في هــذه الدراســة، حُــدد معــدل جرعــة الإشــعاع ومعامــات التوهــن الكتــي لثــاني عينــات مُــرة مــن مركب 
عضــوي )إيبوكــي( مدعــم بنســب وزنيــة مختلفــة مــن كلوريــد الصوديــوم )NaCl(، بهــدف تطويــر مــواد مُكافئــة 
لأنســجة العظــام. اســتُخدمت طاقــات أشــعة كامــا 60، 186، 242، 295، 352، 609، و662 كيلــو إلكــرون 
ــعة  ــاف أش ــتخدام مطي ــات باس ــت القياس ــن 241Am و 226Ra و 137Cs، وأُجري ــعة م ــادر مش ــن مص ــة م ــت، مُنبعث فول
)Tl(. أشــارت النتائــج إلى أن زيــادة تركيــز كلوريــد الصوديــوم المدعــم أدى إلى انخفــاض معــدل جرعــة  NaI غامــا
ــادة معــدل الجرعــة. كانــت معامــات التوهــن الكتــي  ــه إلى زي ــا أدى ارتفــاع طاقــة المصــدر وكفاءت الإشــعاع، بين
ــر ICRU-44 ، بانحــراف أقــل مــن %3. وتؤكــد هــذه النتائــج أن  ــم الــواردة في تقري ــا مــع القي الُمقاســة مُتوافقــة تمامً
ــة  ــة مــواد بديل ــة المحــرة تعــد مرشــحة واعــدة لتطبيقــات قيــاس الجرعــات ويمكــن أن تكــون بمثاب المــواد المركب

لتصنيــع مجســات الأنســجة في الأبحــاث الطبيــة والإشــعاعية.
الكلــات المفتاحيــة: جرعــة الاشــعاع، معامــات التوهــن، إشــعاع كامــا ، كاشــف ايوديــد الصوديــوم ، معــدل 

التعــرض.
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1. Introduction
For radiation dosimetry and calibra-

tion in medical imaging, it is important 
to study the tissue-equivalent materials 
used to create models. These materi-
als consist of several chemicals that 
work together in a manner similar to 
how human flesh reacts to atomic radi-
ation. The manufactured material must 
have absorption properties as close as 
possible to those of tissues that have 
been similarly irradiated. To create tis-
sue-equivalent materials, it is crucial to 
know the physical properties of these 
materials and how they interact with 
radiation. Currently, various types of 
materials are used to create fake human 
organs and cells so that the harmful 
radiation exposure to patients can be 
measured. Tissue-equivalent materials 
are the name for these types of mate-
rials. They are widely used in medical 
physics, such as therapeutic radiology, 
nuclear medicine, and diagnostic im-
aging [1-5]. 

For dosimetry studies, tissue-equiv-
alent materials are often used to look 
like human tissue. People exposed to 
ionizing radiation can obtain accurate 

estimates of their radiation doses from 
these materials, which can also be used 
as substitutes for real living cells in ra-
diation studies. Radiation attenuation 
in a material is determined by things 
like linear and mass attenuation coef-
ficients, which describe how likely 
photons are to interact with the mate-
rial per unit length or mass. These are 
extremely important in fields such as 
radiography, dosimetry, and medical 
imaging [6-11].

These things are extremely import-
ant. To prevent healthy organs from 
being overexposed to radiation, it is 
important to fully understand how cells 
in radiotherapy reduce radiation expo-
sure. Radiation overexposure can be 
reduced by using appropriate radiation 
sources and correctly identifying tissue 
type and thickness [12-17]. Getting the 
right attenuation coefficients is import-
ant for better treatment plans, creating 
phantoms, and making medical and in-
dustrial uses safer [18-20]. 

This study aimed to investigate how 
to make bone-like products from sodi-
um chloride (NaCl)-reinforced epoxy 
resins. We used a NaI(Tl) detector to 
verify the radiation dose rate and mass 
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absorption coefficients of samples fab-
ricated at gamma ray energies between 
60 and 662 keV. The test results were 
then compared with those reported in 
ICRU Report No. 44 to determine the 
potential of these materials as bone-
like substitutes.

2. Theoretical
2.1Activity of radionuclides
Radionuclide activity is a measure 

of the intensity of radiation emitted 
during radioactive decay, and is defined 
in the following equation [21, 22]:

/ (1)i i i iA dN dt Nλ= − = 

Where Ai is the activity of a radioac-
tive source isotope, equal to the num-
ber of radioactive decay nuclei dNi at 
a given instant (dt) and proportional to 
the number of radioactive nuclei Ni at 
instant (t), and λi is the decay constant. 
The half-life (t1/2) associated with the 
decay constant is given by the follow-
ing relationship [23]:

1/2 ln 2 / (2)it λ= 

And the solution to the equation (1) 
is given as follows [24]:

0 (3)t
iN N e λ−= 

Where N0 is the number of nuclei at 
instant (t=0) and Ni is the number of 

nuclei at instant (t). The above equa-
tion can be written in terms of radioac-
tivity as follows [24]:

0 (4)t
iA A e λ−= 

Where A0 is initial nucleus activity 
in time (t=0) and  is final nucleus activ-
ity at time (t). The minus sign indicates 
the fact that radioactivity decreases 
with time.

2.2Radiation Dose
When ionizing radiation penetrates 

a substance, such as the human body, 
it deposits energy with it. Absorbed 
energy each unit mass of radiation ex-
posure is called a dose. And the con-
cept of dose may mean (dose absorbed, 
equivalent dose, equivalent effective 
dose). The radioactive forcing occurs 
only when transmitted energy from 
radiation to some material being irra-
diated, and possibly the radioactive ef-
fect is different when a certain amount 
of energy is added to a small mass of 
matter instead of distributing energy 
over a large mass. The change in en-
ergy absorbed (Δ𝐸) per unit mass (m) 
called the absorbed radiation dose is 
measured in (Gray) units, as in the fol-
lowing equation [25]:

/ (5)D E m= ∆ 
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As for the dose-rate, it represents 
the radiation dose per unit time (𝐺𝑟𝑎𝑦/
h𝑟).

As in a given material medium, each 
photon in the beam is either complete-
ly removed from the beam by scatter-
ing or absorption, and this leads to an 
exponential weakening of the beam 
proportional to the thickness of  the 
absorbing medium to the package or 
not interacting with the physical medi-
um at all. The attenuation of a beam of 
gamma rays may be the attenuation of 
its energy or the attenuation of its in-
tensity along the path through the me-
dium [26]. The dose rate for a symmet-
ric point radioactive source is given by 
the following relationship [27]:

'

2

(6)
/ (7)

x

i

D De
D A d

µ−=

= Γ





Where  the fixed dose rate and (d) 
the distance between radiating source 
and the detector, where the factor ( ) 
is called exposure rate.

Since the rate of radiation dose in 
units (𝜇𝑆𝑣/h𝑟) can be calculated using 
the following relationship [28]:

Where (f) is ratio of number of gam-

ma-ray emitted with a specific energy 
of line per (100) decay of the decay of 
the radioactive isotope and Eγ the ener-
gy of incident gamma ray.

When calculating the total radiation 
dose rate (𝐷ˊ𝑡) for a radioactive source 
that contains more than Energy we use 
the following relationship [28]:

2.3Attenuation of Radiation
The (μm) represents the rate of pho-

ton interactions within one mass unit 
per area unit (cm2/g), which is given by 
the following equation [29]:

 
where 𝜌 represents the material’s 

density.

3. Materials and Methods
3.1Samples Preparation
Epoxy resin (Sikadur-52 LP) and so-

dium chloride (NaCl) were used to pre-
pare eight different mixtures with NaCl 
concentrations of 0, 2, 4, 6, 8, 10, 12, 
and 14 wt%. The epoxy components 
were mixed in a 2:1 ratio (base to hard-
ener), after which NaCl was added in 
the desired proportions. The mixtures 



253 مـجـلــة الـدراســـات التربـويـــة والعلـمــيــة - كـلــيــة التـربـيــة - الجــامـعــة العـراقــيــة
الـعدد السابـع والـعـشـرون - الـمجلد التاسع - علوم الفيـزياء - نيـسـان  2026 م

were poured into circular molds with a 
radius of 2.9 cm and a thickness of 0.5 
cm, producing eight samples (labeled 
A–H). These samples were designed to 

simulate bone tissue by approximating 
fundamental atomic and physical prop-
erties such as electron density and mo-
lecular cross-section (Fig. 1a).

3.2Experimental Setup and Mea-
surements

Experimental measurements were 
performed using a computer-based 
gamma-ray spectrometer system con-
nected to a thallium-doped sodium 
iodide (NaI(Tl)) detector. The system 
included a preamplifier, a main am-
plifier, and a multichannel analyzer. A 
lead collimator (20 × 10 × 5 cm³) with 
a 15 mm aperture was used to obtain 
a narrow and well-defined gamma-ray 
beam (Fig. 1b).

Figure 1. (a) Some samples preparation A to H, (b) Set up experimental.

Three sealed radioactive sources 
were used: 241Am (60 keV, 74 kBq, 
half-life = 432 y), 137Cs (662 keV, 400 
kBq, half-life = 30.17 y), and 226Ra 
(186–609 keV, 2 kBq, half-life = 1600 
y). The samples were placed at a fixed 
distance of 15 cm from the detector, and 
the gamma-ray spectra were recorded 
for 900 s using USX PCI spectroscopy 
software. Measurements were repeated 
three times for each sample to improve 
statistical accuracy.
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The gamma-ray attenuation of the 
prepared samples was analyzed using 
the Beer-Lambert law [29]. The mass 
attenuation coefficient (μm) was calcu�-
lated from the ratio of the incident pho-
ton intensity to the transmitted photon 
intensity, with the absorber thickness 
fixed at 0.5 cm.

The radiation dose rate (µSv/h) was 

Figure 2. Background spectrum.

calculated using standard dosimetric 
equations that relate the activity of the 
source, photon emission probability, 
and gamma-ray energy [25–28]. For 
each sample, the dose rate was deter-
mined at different energies, and the 
results were compared with reference 
values reported in ICRU Report 44 
[31], Figures (3-5). 

                      (a)                                                              (b)
Figure 3. The spectrum obtained for γ-ray spectroscopy for 

(a) 241Am (without samples). (b) . 241Am (with samples).
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4.Results and discussion
The radiation dose rates for the pre-

pared samples were calculated using 
Equation (6), and the results are sum-
marized in Table 1. For samples of 
equal thickness, the radiation dose rate 
was found to decrease with increasing 
NaCl concentration. This reduction can 

                      (a)                                                              (b)

                      (a)                                                              (b)

be attributed to enhanced photon atten-
uation due to the higher density of the 
composites as more reinforcing materi-
al was added. Conversely, the dose rate 
increased with increasing gamma-ray 
energy, reflecting the higher photon 
flux and energy deposition associated 
with more energetic sources.

Figure 4. The spectrum obtained for γ-ray spectroscopy for 
(a) 137Cs (without samples). (b) . 137Cs (with samples).

Figure 5. for γ-ray spectroscopy for 
(a) 226Ra (without samples).  (b) . 226Ra (with samples).
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The variation of the mass attenua-
tion coefficient (μm) with NaCl concen-
tration is presented in Figure 6a. The 
results demonstrate a clear trend of 
increasing (μm) with higher reinforce-
ment levels for all photon energies. 
This indicates that NaCl acts as an ef-
fective attenuating component, en-
hancing photon scattering and absorp-
tion. These findings confirm that epoxy 
alone is not suitable as a tissue-equiv-
alent substitute; however, its combina-
tion with NaCl produces composites 
with properties that closely resemble 
bone tissue.

The dependence of (μm) on photon 
energy is illustrated in Figure 6b. As ex-

pected, (μm) decreases with increasing 
photon energy. This behavior reflects 
the dominance of different interaction 
mechanisms across the studied energy 
range. At low energies (≤ 100 keV), the 
photoelectric effect dominates, leading 
to higher attenuation. In the intermedi-
ate energy region, Compton scattering 
is the primary interaction, resulting in 
a gradual decline in (μm). At higher en-
ergies (> 500 keV), pair production be-
comes more significant, and (μm) tends 
to stabilize.

Table 1. radiation dose rate (𝜇𝑆𝑣/ℎ𝑟) of sample.

Sample E( keV)
59.5 186 242 295 352 609 662

A 4.2068 5.4223 7.0828 8.6678 10.385 18.09 64.616

B 4.1617 5.3982 7.0521 8.6359 10.351 18.042 64.435

C 4.1134 5.3681 7.0214 8.6007 10.312 17.957 64.239

D 4.062 5.344 6.9908 8.5623 10.27 17.927 64.029

E 4.0119 5.3139 6.954 8.5272 10.232 17.867 63.822

F 3.9612 5.2899 6.9233 8.4888 10.188 17.806 63.611

G 3.9073 5.2598 6.8865 8.4472 10.145 17.74 63.385

H 3.8551 5.2297 6.8497 8.4089 10.101 17.679 63.163
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(b)

(c)

Figure 6. μm with 
(a) wt%, (b) Energy, (c) comparative of mass attenuation coefficients.

(a)
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The micrometer test values ​​for the 
specimen that achieved the best result 
(E) are shown in Figure 6c, next to the 
reference values ​​from ICRU Report 
No. 44. With differences of less than 
3%, the two data sets are very close. 
This accuracy demonstrates that the 
experiment was performed correctly 
and proves that the composites were 
fabricated to be tissue-equivalent.

Overall, the results demonstrate that 
the fabricated epoxy-sodium chloride 
composites successfully mimic the re-
sorption properties of bone tissue. By 
carefully varying the sodium chloride 
content, the density and resorption 
properties of the material can be made 
to closely match those of living tissue.
Such materials are valuable in dosimet-
ric studies, radiation shielding, and the 
fabrication of phantoms for medical 
imaging and radiotherapy applications.

5. Conclusion
This work investigated the radia-

tion dose rate and mass absorption co-
efficients of resin and sodium chloride 
mixtures with different amounts of so-
dium chloride. The results showed that 
the radiation dose rate decreased with 

increasing sodium chloride concen-
tration, while the dose increased with 
increasing photon energy. Between 
60 and 662 keV, the mass absorption 
values ​​found were very close to those 
reported in ICRU Report 44, with a dif-
ference of only 3%.

The characteristic composition (E) 
was the most similar to the natural val-
ues ​​for all samples studied. This means 
it could be used as a solid, bone-like 
material. The results demonstrate that 
sodium chloride-reinforced plastic 
could be used instead of real flesh in 
tests to determine the amount of radi-
ation a person is exposed to, to exam-
ine radiation protection, and to create 
phantoms for nuclear medicine and 
therapeutics.

The results of this study demonstrate 
that composition, density, and photon 
energy all play a significant role in how 
radiation exchanges are slowed. By 
varying the number of supporting parts 
used, hybrid materials can be created 
with properties very similar to human 
flesh. This could improve the accura-
cy and safety of medical and research 
tasks that require harmful radiation.
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