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Introduction  

There are three factors which are used to control the amount 

or dose of radiation received from a source. The radiation 

exposure can be managed by a combination of these factors;  

 Time: reducing the time of an exposure leads to reduction of 

the effective doses proportionally.  

 Shielding: refers to a mass of absorbing material placed 

around a reactor or other radioactive source in order to reduce 

the radiation to safe humans [1]-[5]. 

Radiation protection is a very important field and many 

researchers have tried to approach the best methods for 

protection from radiation during the last centuries. The studies 

mostly concentrated on protection against electromagnetic 

radiation due to its serious risk to humans, and then on the 

methods of protection against gamma rays, and it’s scattering 

[6]. 

An electronic dose conversion unit was developed to 

estimate the environmental dose rate directly without using an 

MCA (multichannel analyzer). The experimental test of the new 

system with standard gamma sources showed good agreement 

with the calculated exposure dose rate. Therefore, the developed 

system using a NaI(T1) detector and the electronic dose 

conversion unit can be used to monitor the low-level range of 

environmental radiation accurately and reliably. The 

requirements of high performance shielding material are to 

maximize the number of electrons per unit mass, the nuclear 

reaction cross section per unit mass and the production of 

secondary particles. Thus, the transmitted LET (linear energy 

transmission) spectra of hydrogen showed acceptable universal 

attenuation at low keV/m measurement resulting in good 

attenuation of biological effects independent of biological 

model, which was used. The source used is Cesium-137 for 

0.662 MeV. It is found that the count average of gamma photons 

increases when the scattering material thickness increases [7]. 

The phantom experiment suggests that fetal irradiation 

during maternal chest CT can be reduced substantially with 

barium shielding. Scattered radiation was attenuated at 13% and 

21% with 2% of barium sulfate, and it attenuated to 87% and 

96% with 40% barium sulfate, as calculated in the near and far 

fields respectively. The extrapolated attenuations for 5%–40% 

barium sulfate suspensions indicated that beyond a 30% 

suspension, attenuation increased further only slightly [8]. 

Increased concrete density is obtained by complex use of 

waste products of heavy silicate–lead glasses (brand DF) 

production as dispersed cement filler, disperse superlasticizer 

(SP) carrier, fine and coarse fillers. It was found the optimal 

ratio of solution filling with optical glass additive makes 8% – 

12.5% from cement weight. Increase of glass share up to 20% 

and more leads to decrease the durability of fine sand solution. 

Also, the compression resistance of this concrete is 92 MPa at 

(W/C=0.24) before it collapses when granite filler at water-

cement relation (W/C=0.29) [9].  

Another research measured the doses of x – ray that pass 

through different mixture of the blocks and showed that the 

protection could be improved by increasing the ratios of barium 

sulfate. So, the results indicated that when the ratios of barium 

sulfate increases, the dose of x- ray decreases. High energy (70 

KV) and low energy (47 KV) of x –ray machine was used. The 

ratios of barium sulfate-cement were (0%, 25%, 30%, 35%, 

40%, 45% and 50%) in various thicknesses of the blocks (2, 4, 

6, 8 and 10 mm), so the results for high energy at various 

thicknesses and ratios of barium sulfates were between 388 and 

26.1 µ sv/h and for low energy was between 113 and 0.99 µ 

sv/h. The thickness of the mixture blocks affected on x–ray 

transmission [10]. 
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The reason for studying radiation protection by using 

gamma ray source is that gamma ray has high penetration and 

causes diffuse damage throughout the body, such as radiation 

sickness, and increasing of incidence of cancer rather than burns 

[11]. Gamma ray energy between 3 MeV and 10 MeV causes 

most biological damaging forms.  

The issue of this research is to propose the best radiation 

protection against gamma ray by using BE mixture. The 

measurements of gamma ray transmission through samples were 

performed before and after applying the mixture of BE. This 

research provides high attenuation on gamma ray during its 

transmission through the mixture of BE. Also, this research 

focuses on the scattering of gamma photon from the mixture of 

BE and the affects of these scatterings on environment and 

human safety. The other advantage is to compares the reduction 

of transmission and scattering of gamma ray through barium 

sulfate and other materials. The investigation suggests the best 

mixture ratios of barium sulfate–epoxy to get high protection 

and attenuation of gamma ray by increasing the absorption and 

scattering of gamma photons.  

Methodology 

Barium sulfate and epoxy material were gotten from 

Medical Physics laboratory, School of Physics, Universiti Sains 

Malaysia. Cement blocks with dimensions 5×5 cm and 4 mm 

thickness were prepared. An empty small plate was used to 

weigh barium sulfate and epoxy. During painting of BE mixture 

on cement blocks, the paint should be spread uniformly on 

cement block in order to get correct reading of CPS. The 

samples must be kept carefully after painting till drying to avoid 

any volatile materials.  

Since barium sulfate is not radioactive material, it is easy to 

be used. Barium sulfate was gotten from a physics lab in a 

container which is enough for this work. Also, epoxy material 

was gotten from the same lab in a container. Empty small plate 

used (which its weight has measured by electronic balance) in 

order to put barium sulfate and epoxy in it to weight barium 

sulfate and epoxy weight. Also, this plate can be used to mix 

barium sulfate with epoxy in order to get BE mixture. However, 

the ratios of barium sulfate to epoxy in BE mixture were 10%, 

20%, 30%, 40% and 50%.  

The ratios of barium sulfate were five ratios because they 

were enough to show the difference of the records of the 

detector that are shown by gamma equipment.  When combining 

the mixture on the plate, it must be well mixed to make sure that 

barium sulfate is mixed equally with epoxy resin. During 

painting BE mixture on cement blocks, the paint should be 

spread equally on cement block in order to get correct records of 

CPS. 

The practical studies proved that the scintillated detector 

responds to the temperature, and the main change which was 

seen in response function is by changing the location of the peak 

toward less value when the temperature is increased. When the 

curve of calibration line of the detector NaI(TI) decreased, the 

temperature increased especially between 20–50 °C. So, the 

researcher must be eager to keep temperature constant between 

20–25 °C in order to get correct readings of the detector at the 

same temperature. Therefore, the counts were performed at the 

times when the air conditioner of the lab was working, and the 

setting of the air conditioner at the same temperature was 

performed.      

Gamma ray equipment is important in physics labs because 

it provides short wavelength radiation with modern software 

programs that could be used to measure the number of gamma 

photons which reach to the detector. This equipment of gamma 

ray consists of setting up of gamma ray equipment followed the 

lab regulations as shown in Figure 1. Am-241 is used to produce 

gamma ray by beta particles decays. Am-241 is a synthetic 

element and its atomic number is 95, and its half life is 432.2 

years.

 
 

Figure 1. The Connection of Gamma Ray Equipment 

NaI(TI) detector is used to measure the number of gamma 

photons which transmit through the sample toward the detector. 

Sodium iodide detector NaI(TI) presents a great efficiency for 

gamma photons and x-ray detection. This detector consists of 

two parts. These two parts are flickering material and optical 

multiplier. The scintillated material produces photons when it 

absorbs the nuclear radiation, but the optical multiplier which is 

in front of the crystal consists of optical cathode and a group of 

dynodes. 

It is possible to control amplifier and high voltage power 

supplier by amplifier and high voltage supplier instrument which 

has small lights to evaluate the voltage.    

The computer which was used in this work is necessary 

because it has two important pieces of software. They are 

Mestro-32 software model A65-B32 powerful MCA emulation 

software and multi channel analyzer (MCA-3) model FADC and 

version 3.07 which is an advanced multi channel analyzer with a 

built-in ultra-fast ADC with 500 ns conversion time and 8 k 

conversion range. It is important to insulate the detector and the 

source using the lead or iron shielding to prevent gamma rays.  

The time of a sample exposure to gamma ray must be 

selected for each sample. Setting up of the time was done via 

MCA-3 software that shows the live time which means the time 

of activity of the detector. Also, MCA-3 shows real time which 

is the time that does not depend on the detector activity. The 

time that was used for measurements of gamma ray transmission 

was 600 seconds (10 minutes) and the position of the source at 

the angle 0° to the detector. This time was enough for 0° angle 

to get clear peaks in Maestro software which refers to number of 

gamma photons received by the detector. However, setting up of 

the time was 3000 seconds for the samples that were put at 

20°and 30
o
 angles, 3500, 4000 and 5000 seconds for 45°, 70° 

and 90° respectively.  

The calibration of MCA-3 software has been set up in order 

to calibrate the channel and energy of the peak by Maestro 

software. 

The voltage at high voltage power supply (3102D) is set up 

to be used as an operating voltage, in order to get the value of 

the voltage which is suitable to do the experiment. The range of 

the voltage of high voltage power supplier 3102D was 0–2000 

V. The relation between the CPS with voltage is shown in Fig. 2. 

It can be seen that voltages between 400–1000 V lead to semi-

stability of the curve which is stability area for the detector. 

Therefore, selection of any of these voltages was possible to use 

in this experiment. The voltage used was 900 V which was used 

for all counting of this work. 
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Figure 2. Cps for Various Volts of HV Supplier 

The source was put at 0° angle without absorber (sample) as 

shown in Figure 1. Then, the detector was warmed for 10 

minutes; the time set up at 600 s, and was set up for the 

calibration. MCA-3 software switches on to start counting 

during the specified time. At 0° angle, two peaks 59.537 keV 

and 26.345 keV were shown. 

The sample was placed between the source and the detector, 

the same steps that were mentioned above, and was repeated for 

each sample. Sodium iodide detector NaI(TI) detector was used 

to detect gamma photons which transmit through the samples 

due to its great detection efficiency for gamma photons and x-

ray [12]. 

In this work, there were different ratios of barium sulfate 

(10%, 20%, 30%, 40% and 50%) in the mixture of BE which 

were coated cement blocks in order to measure the transmission 

and scattering of gamma photon through the painted samples.  

Different thicknesses of BE mixture on cement block was 

performed in order to get high radiation protection. Cement 

block was painted with 1 mm of BE mixture which had 50% of 

barium sulfate to epoxy. The mixture of BE was painted for a 

second time (after drying the first cost) on the same cement 

block which means that BE mixture thickness is 2 mm. The 

thickness of BE mixture increased up to 4 mm. 

There were comparisons of the transmission of gamma 

photon through barium sulfate with other materials (salt, sand 

and cement) for the angle 0° and at time 600 sec. The scattering 

of gamma photon off these materials with the angle at 20° and at 

the time 3000 s was also performed. 

The transmission of gamma photon through epoxy and other 

materials (paint and cement contact glue) for the angle 0° and at 

the time 600 sec were compared. Scattered gamma photons from 

these materials were measured at the angle 20° and at the time 

3000 sec.  

The transmission of cement blocks have compared with 

other blocks (wood, Al, Perspex) at angle 0° and time 600 sec, 

and the scattered gamma photon was performed at angle 20° and 

the time 3000 sec. The transmission and the scattering of gamma 

photon through different thicknesses of cement block (2, 4, 6, 8 

and 10 mm) were also preformed. 

Cement block consists of multi coated cement layers were 

performed in this work. The used cement layers were painted by 

BE mixture and pasted with each other in order to make cement 

block contents of multi coated cement layers. The thickness of 

each cement layer was 2 mm and the BE mixture that used has 

50% of barium sulfate to epoxy. Coated cement layers necessary 

to increase gamma ray attenuation.  

Cement block contain multi holes was important method 

that applied in this study. The radius of each hole was around 

1mm. The maximum numbers of used holes were 6 holes. These 

holes painted by BE mixture which contains 50% of barium 

sulfate to epoxy.  

The biggest thickness of cement block (10 mm) was used in 

the last method of this experiment. This cement block had the 

highest ratio of barium sulfate (20%), and it was painted with 

different thicknesses of BE mixture that contained 50% of 

barium sulfate to epoxy.  

Results and Discussion 

BaSO4 can be used as a radiation protection material against 

gamma ray. Barium sulfate was compared with other materials 

such as salt, sand and cements to prove that it is the most 

suitable material.  

 Gamma ray transmission through the air (without absorber) 

was measured by the detector Na(TI), so the value of gamma ray 

transmission that reached the detector was 2755 CPS and 327 

CPS for the peaks of 59.5 keV and 26.3 keV, respectively. Then, 

the transmission of gamma ray attenuated through salt was 1639 

CPS and 192 CPS for the peaks 59.5 keV and 26.3 keV, 

respectively. The measurements of gamma ray attenuation 

through sand material showed different values of CPS; CPS of 

gamma ray transmission through sand recorded at 1583 CPS for 

peak of 59.5 keV and 187 CPS for peak of 26.3 keV. The 

attenuation of gamma rays through sand was higher than the 

attenuation through salt. Gamma ray transmission through 

cement material was 1494 CPS for peak of 59.5 keV and 177 

CPS for peak of 26.3 keV. The results of gamma ray attenuation 

through cement resulted in high attenuation of gamma ray. The 

measurement of gamma ray attenuation through barium sulfate 

was the best because there was highest attenuation of gamma ray 

through barium sulfate. The values of CPS for gamma ray 

transmission through barium sulfate recorded at 45 CPS for peak 

59.5 keV and 6 CPS for peak 26.3 keV, which shows that there 

was high attenuation of gamma ray through barium sulfate.  

Gamma photon scattered by salt, sand, cement and barium 

sulfate was measured. The value of CPS of gamma ray 

scattering by barium sulfate was 0.47 CPS which was the lowest 

scattering. The scattering of gamma ray by cement was 0.51 

CPS, by salt was 0.70 CPS, and then the highest of 0.82 CPS by 

sand. In conclusion, barium sulfate caused the lowest value of 

gamma photon scattering compared to others, as gamma photon 

scattering by all of these materials is less than 1 CPS. On the 

other hand, it means that the barium sulfate is a suitable material 

which can be used for protection against gamma rays because it 

results in high absorption and low scatter. The highest 

attenuation of gamma rays through barium sulfate was due to 

their lowest scattering and high absorption. So, barium sulfate 

was the best material that can be used for radiation protection 

against short wavelength rays. 

Epoxy resin used in this work was mixed with barium 

sulfate in order to prepare a mixture of BE to be used for gamma 

ray protection. Epoxy and other resin materials (paint and 

cement contact glue) were necessary to investigate their 

attenuation of gamma ray by studying the scattering and 

transmission of this ray through these materials. The materials 

paint and cement contact glue can be used for painting because 

they are resin materials, so these two materials were suitable to 

be compared with epoxy resin.  

The measurements of gamma ray attenuation through 

different material showed that the values of CPS of gamma ray 

transmission through paint material were 1287 CPS and 155 

CPS for both peaks of 59.5 keV and 26.3 keV, respectively. The 

values of CPS for gamma ray transmission through cement 

contact glue were 1035 CPS and 140 CPS for both peaks. The 

results of gamma ray transmission through epoxy resin were 875 

CPS for peak 59.5 keV and 128 CPS for peak of 26.3 keV which 

were the highest attenuation of gamma ray. So, the highest 
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attenuation of gamma ray was recorded through epoxy resin 

which had higher absorption than paint and cement contact glue.     

The results of scattered gamma photon by epoxy, paint and 

cement contact glue materials were measured. The value of CPS 

for gamma ray scattering by epoxy resin material was 0.50 CPS 

which was considered the low value of gamma photon scattered. 

Scattering gamma ray using cement contact glue was 0.54 CPS 

which is considered the higher than painted material, which was 

0.63 CPS. The measurements of scattering gamma ray showed 

that the smallest value of scattered gamma photon was by epoxy 

resin. The results show that epoxy resin is the best material to be 

mixed with barium sulfate and used as a protective material for 

short wavelength radiation due to their high absorption and low 

transmission and scattering properties due to its density. 

The results of different ratios of BaSO4 in the mixture of BE 

method show the different attenuation of gamma ray that 

transmitted through the mixture of BE, which was painted on 

cement blocks. Different attenuation of gamma ray was obtained 

by mixing different ratios of barium sulfate to epoxy resin. The 

ratios of barium sulfate to epoxy used were 10-90%, 20-80%, 

30-70%, 40-60% and 50-50%. CPS of transmitted gamma 

photon was measured for different ratios of mixtures of barium 

sulfate to epoxy resin painted on cement blocks. Different values 

of CPS of gamma ray transmission were recorded through the 

barrier containing different ratios of barium sulfate to epoxy and 

shown in Figure 3. 

 
Figure 3. CPS of Gamma Ray Transmission for Different 

Ratios of BaSo4 

Figure 3 shows the different values of CPS values of 

gamma ray transmission that was transmitted through the 

mixture of BE that contained different ratios of BaSO4. The 

transmission of gamma ray without coating the block of cement 

is 1975 CPS and 234 CPS for both peaks of 59.5 keV and 26.3 

keV, respectively. A gradual reduction can be noticed when the 

block was coated by the mixture of 1630 CPS and 194 CPS for 

10-90% ratio, 1442 CPS and 171 CPS, 1317 CPS and 166 CPS, 

1212 CPS for peak 59.5 keV and 144 CPS for peak 26.3 keV 

and to reach the minimum transmission through the barrier of 

cement coated by BE of 50-50% ratio to be 817 CPS and 96 

CPS for both peaks of 59.5 keV and 26.3 keV, respectively. It 

can be seen that the presence of BE with 50-50% ratio decreases 

the transmission of gamma ray by more than 50% of background 

radiation. 

Table 1 shows the attenuation percentage of gamma ray 

transmission by CPS of gamma ray transmission that was 

transmitted through barrier of cement block which coated by the 

mixture of BE with different ratios of barium sulfate-epoxy 

compared with CPS of gamma ray transmission transmitted 

through barrier of cement block without coating according to the 

following equation: 

 

      

  
CPS of gamma ray transmission through cement block without 

coating by BE is a reference value, and CPS of gamma ray 

transmission through cement block coated by different ratios of 

barium sulfate-epoxy is calculated and presented in Table 1. It 

showed that the attenuation percentage of gamma ray 

transmission for cement block without barium sulfate was 3.76% 

and 4.98% for the peaks 9.5 keV and 26.3 keV respectively. 

Then, the attenuation of gamma ray achieved with sample at the 

ratio 10-90% of barium sulfate-epoxy and then sequential 

increase of the ratios of BE, and accordingly the attenuation 

percentage of gamma ray transmission also increased. Thus, the 

attenuation percentage of gamma ray transmission increased to 

reach the maximum value with maximum attenuation through 

the sample which is coated by 50% of barium sulfate in BE 

mixture. 

Table 1.  Attenuation percentage of gamma ray transmission 

for different ratios of BaSO4 

Ratio of barium   sulfate to 

epoxy (%) 

  Attenuation percentage (%) 

Peak 59.5 

keV 

 Peak 26.3 keV 

0 

10 

20 

30 

40 

50 

3.76 

20.60 

29.75 

35.80 

40.93 

60.17 

4.98 

21.41 

30.84 

32.83 

41.37 

60.92 

The results showed that the attenuation of gamma ray is 

approximately at the same value for both peaks of gamma 

radiation. Due to the maximum attenuation achieved, it can be 

concluded that the mixture of 50% of barium sulfate is suitable 

and attractive for gamma radiation protection.  

 
Figure 4. CPS of Scattered Gamma Photon for Different 

Ratios of BaSO4 

At different ratios of barium sulfate, the scattering of 

gamma photon at angle of 20
o
 was obtained and presented in 

figure 4. Gamma photon scattering is decreased by increasing 

the ratio of barium sulfate-epoxy. The greatest decrease of 

gamma ray scattering recorded with ratios 40-60% and 50-50% 

of barium sulfate-epoxy is 0.46 CPS. 

Since the values of scattered of gamma photons are small, 

the attenuation percentage of gamma ray transmission is 

negligible. The results of absorbed gamma photon through 

different ratios of barium sulfate-epoxy can be obtained by using 

this equation [13]:  

Absorption = attenuation – scattering       (2) 

And the attenuation can be found by 

                                   (3)
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Where, Io is the initial beam intensity, I is the transmitted beam 

intensity, µ is the attenuation coefficient and x is the thickness of 

the matter. The negative sign indicates that the intensity of the 

transmitted beam is decreased when the material thickness 

increases. The attenuation coefficient depends on photon energy, 

so increasing of gamma ray energy leads to decreasing of 

attenuation coefficient [14].  

Since scattered gamma photons are low, the attenuation of 

gamma rays can be equal to absorption of gamma photon for 

both peaks. 

The attenuation of gamma ray can be calculated by 

subtracting the values of CPS of gamma ray transmission 

through the samples with different ratios of barium sulfate-

epoxy painted on the cement blocks from the value of CPS of 

gamma ray transmission through cement block without coating. 

The CPS without coating was 2053.00 CPS for the peak of 59.5 

keV and 247.27 CPS for the peak of 26.3 keV.  

Measuring of gamma ray scattering at the angles 20°, 30°, 

45°, 70° and 90° was performed and presented in Figure 5. 

 
Figure 5. CPS of Scattered Gamma Photon for Different 

Angles 

Figure 5 shows that the increase of scattering angle leads to 

decrease of gamma ray scattering. There was low decrease of 

gamma ray scattering at the angle 30°. At the angle 45°, there 

was relatively high decrease of gamma ray scattering, and CPS 

of gamma ray scattering recorded is 0.48 CPS. The lowest 

scattered of gamma photon at 90° angle was 0.39 CPS. Equation 

2.3 showed that the energy of scattered photon decreased with 

increase of scattering angle (θ). The lowest scattered photon 

energies were at the angle 90°.  

Different thicknesses of BE layers were performed in this 

project; 50% of barium sulfate-epoxy, which was the highest 

ratio, led to highest radiation protection used. The thickness of 

each layer of BE was around 1 mm. The relationship between 

the thickness of the BE layer and the attenuation of gamma ray 

is shown in Figure 6. 

 

Figure 6. CPS for Gamma Ray Transmission for Different 

Thicknesses be Layer 

There was a high reduction of gamma ray transmission 

through different thickness of BE layers as shown in Figure 6. 

The attenuation of gamma ray through the layers of BE were 

formed by investigating the transmission of gamma ray through 

the layers. The transmission of gamma rays through cement 

block without BE mixture was 2053 CPS and 247.27 CPS for 

both peaks of 59.5 keV and 26.3 keV, respectively. After 

painting 1 mm of BE mixture on the cement block, the 

transmission of gamma ray decreased to 1630.37 CPS for peak 

of 59.5 keV and 194.32 CPS for peak of 26.3 keV. The 

thickness of 2 mm of BE layer reduced gamma ray transmission 

to 1326.81 CPS for peak of 59.5 keV and 157.27 for peak of 

26.3 keV. Also, there was high attenuation of gamma rays at the 

thickness 3 mm; gamma ray transmission through 3 mm of BE 

layer was 1199.35 CPS for peak 59.5 keV and 142.95 for peak 

26.3 keV. Gamma ray transmission decreased to 975.3 CPS for 

peak 59.5 keV and 123.56 CPS for peak 26.3 keV through 4 mm 

of BE layer. Painting the sample (cement block) of more than 

four mm layer of BE is available but drying of the mixture 

becomes harder.  

Figure 7 shows decreasing of scattered gamma photons 

when the thickness of BE layer increases. The scattering of 

gamma ray at the thickness of 1 mm of BE layer was 0.82 CPS, 

and there was decrease of scattering of gamma ray to 0.75 CPS 

at thickness 2 mm BE layer. Then, the scattering of gamma ray 

decreased to 0.69 CPS at the thickness 3 mm of BE layer. The 

maximum decrease of gamma ray scattering at the thickness 4 

mm was 0.65 CPS.  

The different thickness of BE layer, which coated the 4 mm 

thickness of cement block showed that the increasing on BE 

layer thickness leads to high attenuation of gamma ray 

transmission and reduced gamma ray scattering.  

 
Figure 7. CPS of Scattered Gamma Photon for Different 

Thicknesses of be Layers 

Conclusion 

This study considered an appropriate method to measure the 

radiation scattering and transmission through materials in the 

principles of ionizing radiation interaction with materials. It has 

shown that the attenuation of gamma ray through barium sulfate 

was higher than any other material. Therefore, it could be a good 

shielding against gamma rays. Gamma photons are less scattered 

by barium sulfate than by other materials. This study showed 

that the mixture of BE behaves as a good barrier or shield 

against radiation during exposure of cement block to short 

wavelengths. 

Epoxy resin was the best material which can be mixed with 

barium sulfate because it has high density and provides higher 

gamma ray attenuation than other resins. Epoxy resin was useful 

in preparing mucilaginous mixture (by mixing epoxy resin with 

barium sulfate) used as coating materials for radiation protection 

against short wavelengths. The cement block sample was used to 
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paint with BE mixture because it was more suitable material 

than other blocks such as wood, aluminum or Perspex and easy 

to paint and fast drying.   

The gradual increase on barium sulfate ratio in BE mixture 

leads to high gamma ray attenuation. This assures that the high 

possibility of barium sulfate is to prevent the radiation 

transmission. The high ratios of barium sulfate in BE mixture 

leads to high radiation protection which is close to 100% of 

gamma ray attenuation. There were different methods for using 

the BE. Increasing of BE mixture thickness was a good method 

which showed that the increasing of BE mixture thickness leads 

to higher attenuation of gamma ray. This method of different 

thicknesses of BE mixture was considered useful and suitable 

radiation protection that could be proven with high thickness of 

BE mixture. 

The results of this study suggested that new methods of 

radiation protection can be used in the labs or working places, 

where radioactive materials are used. The transmission and 

scattering of gamma ray through BE were measured in order to 

find high attenuation of gamma rays. High radiation protection 

using any material needs to make high attenuation of the 

radiation with low scattering because the short wavelengths 

radiations cause hazards to human health and  environment.  

Acknowledgement  

This work was supported by University of Nizwa, 

Universiti Sains Malaysia and Al-albayt Univesity. Dr. Omar 

would like to express his grateful to TWAS-Italy, for full 

support of his visit to JUST-Jordan under TWAS-UNESCO 

Associateship. The authors would also like to thank the Writing 

Center at University of Nizwa for their emendations.  

References 

1. Bushberg. JT, Seibert. JA, Leidholdt. EM, Boone. JM, “The 

essential physics of medical imaging”, 2
nd

 edn, Williams & 

Wilkins. Philadelphia, 2002. 

2. Gilmore. G, Hemingway JD, “Practical gamma-ray 

spectrometry”, 2
nd

 edn, Wiley Online Library, 2008. 

3. LeVine III. H, “Medical Imaging”, Greenwood Pub Group, 

California,  2010. 

4. Perkins. RW, Nielsen. JM, Diebel. RN, “Total Absorption 

Gamma Ray Spectrometers Utilizing Anticoincidence 

Shielding”, Rev Sci Instrum 1960; 31(12): 1344-1349. 

5. Parker. H, “The biological effects of atomic radiation; 

summary reports”, National Academy of Sciences, NAS, USA, 

1956. 

6. Hardie. G, DeVries.  J, Chiang. C-K, “Elastic scattering of 

1.33-MeV photons from lead and uranium”, Phys. Rev C 1971; 

3: 1287-1293. 

7. Sandhu. BS, Saddi. MB, Singh. B, Ghumman. BS, “Scattering 

and absorption differential cross sections for double photon 

Compton scattering”, Pramana-Journal of Physics 2001; 57: 

733-741.  

8. David. K, Yousefzadeh, Matthew. B, Ward and Chester Reft. 

“Internal Barium Shielding to Minimize Fetal Irradiation in 

Spiral Chest CT: A Phantom Simulation Experiment”, 

Radiology 2006; 239: 751-758.  

9. Proshin. AP, Demjanova. VS,  Kalashnicov. DV, Grintsova. 

OV, “Super heavy high-strength concrete for protection against 

radiation”, Asian Journal of Civil Engineering (Building and 

Housing) 2005; 6: 67-73. 

10. Abour. Basher Al-Sghr, Dissertation of master degree in 

medical physics, Universiti Sains Malaysia 2010. 

11. Kadhim. MA, Hill. MA, Moore. SR, “Genomic instability 

and the role of radiation quality”, Radiat. Prot. Dosim 2006; 

122: 221-227. 

12. Van Leest. AJ, Linnartz. JPMG, “Watermark embedding 

and detection of a motion image signal”, U.S. Patents, 2010. 

13.Matscheko. G, Ribberfors. RA, “Compton scattering 

spectrometer for determining x-ray photon energy spectra”, 

Phys. Med. Bio. 1987; 32: 577-594. 

14.Cesareo. A, “Interaction of keV photons with matter and new 

applications”, Phys. Rep. 1992; 213: 117-178. 

http://www.worldcat.org/search?q=au%3ANational+Academy+of+Sciences+%28U.S.%29&qt=hot_author
http://prc.aps.org/abstract/PRC/v3/i3/p1287_1
http://prc.aps.org/abstract/PRC/v3/i3/p1287_1
http://radiology.rsna.org/search?author1=David+K.+Yousefzadeh&sortspec=date&submit=Submit
http://radiology.rsna.org/search?author1=Matthew+B.+Ward&sortspec=date&submit=Submit
http://radiology.rsna.org/search?author1=Chester+Reft&sortspec=date&submit=Submit

