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ABSTRACT
Concrete can be obtained using different mixture proportion of sand, gravel and cement depending on the structural strength desired (purpose). This work attempts to investigate the radiation shielding capacity of different concrete mixtures for gamma energies of Cobalt-60 source. Three standard common mixing proportion of concrete samples widely used in Nigeria were prepared (with cement, sand, and gravel ratios of 1:1.5:3; 1:2:4; and 1:3:6) and labeled A, B, and C respectively. The linear attenuation coefficients ( μ, cm-1) of  mixtures sample  was determined for cobalt-60 source using a well type NaI(Tl) detector and a spectrum analyzing software (Genie 2000), and consequently their half value layers (HVL) were calculated as well. Sample A was found to have a half value layer of 8.56 cm and 11.18 cm; B had HVL of 15.40 cm and 22.35 cm; and C has a HVL of 11.95cm and 15.40 cm for gamma energies of 1.17 MeV and 1.33 MeV respectively. From the results sample A is a better attenuator of gamma rays than the other two samples at the same gamma energy and sample thickness. This concrete mixture can then be said to be the best for radiation shielding amongst the three commonly used in Nigeria.
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INTRODUCTION

Since the discovery of radioactivity, there has been a tremendous increase in the use of radiation in various fields. These fields include among others: Pharmacy, medicine, and agriculture. At the same time radiation induced hazards has also increased. Consequently there is a need to provide an appropriate standard of protection for mankind without unduly limiting the beneficial practices giving rise to radiation exposure (ICRP 60). Of the three basic principles of external radiation protection (time, distance, and shielding), shielding is generally the preferred method because it results in intrinsically safe working conditions, whereas reliance on distance and time of exposure, involve continuous administrative control over workers. The amount of shielding required depends on the type of radiation being shielded, the activity of the source, and on the dose rate which is acceptable outside of the shielding material. In choosing a shielding material, the first consideration must be personnel protection. An effective shield will cause a large energy loss in a small penetration distance without emission of more hazardous radiation. However, other factors may also influence the choice of shielding materials such as, cost of the material, weight of the material, and how much space is available for the material. The effectiveness of the shielding material is determined by the interactions between the incident radiation and the atoms of the absorbing medium which is expressed in terms of attenuation coefficient. The interactions which take place depend mainly upon the type of radiation (alpha, beta, gamma, and neutron), the energy of the radiation, and the atomic number of the absorbing medium. Concrete is a building material, it is a composite material obtained by mixing together coarse aggregates (gravel or crushed stones), fine aggregates (sharp sand), cement, and water in suitable proportion. The water is added to the dry components to initiate the chemical changes leading to hardening, after which the strength and durability of the material is comparable to some of the hardest rocks. The "heart" of concrete is of course the cement - the substance that, with water, does the chemical work, and binds the sand and stones into an astonishingly strong, composite material. The properties of concrete depend on the quantities and qualities of its components. Because cement is the most active component of concrete and usually has the greatest unit cost, its selection and proper use are important in obtaining most economically the balance of properties desired for any particular concrete mixture. The selection of the relative proportions of these materials is usually governed by the strength requirement of the concrete. Cement, fine and coarse aggregate in the ratio (by volume) 1:1.5:3 is used for concrete used for pre-cast construction, and for general construction works, the ratio is 1:2:4 (Obande M., 2002).

The National Council on Radiation Protection and Measurements (NCRP), in Report 49 (NCRP, 1976), suggests that concrete or mineral-based building materials with a composition similar to that of concrete may be used for shielding. Radiation therapy rooms are generally constructed of concrete because of its low cost. To design the shielding, one determines the thickness of the various shielding barriers using the methodology outlined in the NCRP report (1995). Calculations should be made according to concrete attenuation characteristics with appropriate corrections to account for differing densities. However, density corrections are adequate only when the Compton Effect is considered. When the photoelectric effect is dominant, as happens at diagnostic energies, it is preferable to use the attenuation characteristics of the specific building material. This has also been pointed out in previous studies (Glase et al. 1979; Christensen & Sayeg 1979; Wohni 1981). Consequently radiation diagnostic and therapy rooms are generally constructed of concrete because of its relatively low cost compare to other shielding materials such as lead. The quality of concrete has always been defined in terms of their structural strength and not their radiation shielding capacity. In the field of radiation protection there is thus the need to define concrete samples in terms of their radiation shielding capacity. To do this, the mass attenuation coefficient of various concrete samples need to be determined at various radiation energy with the view to determine the best concrete for radiation shielding at different energies. 
The aim of this paper is to estimate the attenuation coefficient, and consequently the half value layer (HVL) of common mixtures of cement, sand, and gravel otherwise called concrete used in Nigeria with the view to demonstrating which mixture best attenuate gamma rays from a Cobalt-60 source.
THEORY OF GAMMA RAYS ATTENUATION

There are four main ways that photons can interact with matter: through the photoelectric effect, Compton scattering, through the production of electron, positron pairs and or nuclear disintegration. The gamma-rays used in this work were of energies (of Co-60) less than required for photo disintegration to occur. Also at this energy the probability of pair production is low, so the attenuation stemmed mainly from the photoelectric effect and from Compton scattering John and Cunningham, 1983. Each of these attenuations is of the form:
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Where I(x) is the intensity of the attenuated beam, I0 is the initial intensity of the beam, x is the thickness of the attenuating material in cm, and μ is the linear attenuation coefficient of the attenuating (cm-1) material. The linear attenuation coefficient depends on the material and the energy of the incident x-ray. The linear attenuation coefficient measured in this work is actually the sum of the coefficients due to Compton scattering and the photoelectric effect.
Equation (1) can be rewritten as:
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This form allows for easy measurement of μ as a function of x and I. The linear attenuation coefficient can be considered as the fraction of photons that interact with the shielding medium per centimeter of shielding.  This coefficient assumes that all photons that interact are removed and ignores scattered photons (underestimates the shielded dose rate and the shielding required). It is also known as narrow beam conditions because the source and detector are assumed to be collimated and the measurement made at a short distance. Since using the attenuation coefficient (equation 1) underestimates the intensity on the other side of the shield, a buildup factor is a correction factor to multiply the number obtained from using the attenuation coefficient by that hopefully gives us the correct intensity of the attenuated photon. 
The linear attenuation shielding formula with Buildup factor is:
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B = the buildup factor for one energy at the shield thickness x (John and Cunningham 1983). The build-up factor is a factor that depends on the energy of the photon, thickness of the attenuator and the distance between the attenuator and the detector. 

This formula attempts to estimate the correct number of scattered photons that reach the detector (closest estimate) by using a correction factor to add in the Compton scatter and pair production photons that are ignored by the linear attenuation coefficient formula. 

MATERIALS AND METHOD

The two standard mixtures suggested by Obande (2002) using the volume ratio proportion, together with another mixture commonly used by local builders were prepared and labeled A-C (table 1). Tin cans were cut into a 9cm2 square base cuboids with height varying from 0.5cm - 3cm (with a step of 0.5) representing the thickness of the concrete samples. 
Table 1. Concrete mixtures and ratio of components by

 volume of cement (C), sand (S), and gravel (G).

	Mixture
	Composition Ratio

C : S :G
	Density

(g/cm3)

	A
	1 : 1.5 : 3
	1.59

	B
	1 :2 : 4
	1.55

	C
	1 : 3 : 6
	1.56



Ordinary Portland Cement (OPC), fine and coarse aggregates, and water for each sample were thoroughly mixed by hand thoroughly until a workable and uniform (distribution of stones and colour) mixture (paste) was obtained. Volume water to cement ratio for each sample was 0.5.  The pastes were filled into the cuboids cans, compacted with a flat spoon to eliminate entrapped air and allowed to set. For each mixture two samples were prepared to eliminate random error. It took three weeks for the concrete to set. During this setting period, the samples were kept damp by continuous application of water every morning and night so as to promote continued hydration of cement. This also prevents loss of moisture from the concrete through evaporation, at the same time maintaining a good temperature within the concrete. The density of each sample was taken after setting. The values for the density of each sample are recorded also in table 1.

All the samples were then taken to the National Institute of Radiation Protection and Research (NIRPR) in the University of Ibadan, where there were individually exposed to gamma radiation from a Cobalt - 60 source.

A well type NaI(Tl) detector (Camberra, model:Unispec) was used for detecting the radiation. The detector was coupled to a computer running on a software-GENIE 2000 which analyzed the spectrum of the source (figure 1). Cobalt-60 emits gamma rays of two energies (1.17MeV and 1.33MeV) this accounts for the two peaks observed in the spectrum. The detector was well shielded from background radiation by enveloping it in a pile of lead blocks and a (well collimated) narrow beam of gamma rays from the Cobalt-60 source was used. The distance between concrete sample and the detector was more than that between the source attenuator (about 20cm) to reduce scattered radiation interacting with the detector. The background radiation intensity was taken and was subtracted from other transmitted intensities obtained from the detector for each mixture sample. 
The intensity of radiation from the source was taken without a sample and was recorded as Io after deducting the background radiation from it.  Each of the samples was then exposed to the radiation (by putting it between the source and the detector) for 1200 seconds and the transmitted intensity recorded by the detector. After deducting the background from it was recorded as I. The plot of   
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 against thickness (x) was done for each sample according to the equation-
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The slope of the best line of fit was recorded as the linear attenuation coefficient. The averages of the various mixtures was found and recorded as the mean attenuation coefficient for each sample. 
The Half Value layer (HVL) of each sample was estimated by using the mean μ in the formula:
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 The HVL is the amount of thickness of sample required to reduce the intensity of the incident photon to half.


Table 2. Mean linear attenuation coefficient and corresponding HVLs of the mixtures
	Mixture
	Linear Attenuation Coefficient

μ (cm-1) for γ- energies

1.17 MeV

    1.33 MeV
	HVL (cm)
1.17 MeV
1.33 MeV

	A
	0.081 ± 0.011

0.062 ± 0.002
	8.56

11.18

	B
	0.045 ± 0.007

0.031 ± 0.008
	15.40

22.35

	C
	0.058 ± 0.006

0.045 ± 0.003
	11.95

15.40
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Figure 1.1. Spectrum of Cobalt 60
RESULTS AND DISCUSSION
The linear attenuation coefficient and corresponding half value layers are shown in table 2. Sample A, with a mean density of 1.59gcm-3 exhibits the highest shielding capacity amongst the three samples. This is obvious from the value of its linear attenuation coefficient (μ) of 0.081cm-1. Sample A is used for general construction works due to its compactness and strength. Its higher compactness is due to its higher cement to aggregate ratio. This compactness together with higher density implies more concrete particles per unit length are available for reaction (collision) with photons. This collision leads to photon energy loss and hence higher attenuation coefficient as observed (table 2). The higher μ of A compare to that of B and C may thus be due to its higher density and compactness.
Sample B has a higher cement to aggregate ratio and thus it is expected to be more compact than C. But the low compactness of C may have been compensated for by the density as suggested by the higher value of μ for C.

The ratio of the HVL of A to B is about 0.5 at 1.33 MeV and 0.6 at 1.17 MeV, while that of A to C is about 0.7 at both gamma energies (table 3).
Estimation of the mean mass attenuation coefficient (MAC) was obtained by dividing the mean μ by the mean density of each mixture. Sample A has the highest MAC of 0.051 cm2/g and 0.039 cm2/g at 1.17 MeV and 1.33 MeV respectively and B has the least MAC (table 3).

Table 3. MAC and HVL ratio of the mixtures

	Mixture
	Mean MAC (cm2/g)

1.17 MeV
1.33 MeV
	HVL ratio of A to other mixtures

1.17 MeV
1.33 MeV

	A
	0.051

0.039
	1

1

	B
	0.029

0.020
	0.56

0.50

	C
	0.037

0.030
	0.72

0.73


CONCLUSION AND RECOMMENDATION
As reflected in their values of μ and MAC, sample A could be said to be most effective for gamma shielding when compared to B and C at the same energy and sample thickness. As much as twice thickness of A is needed to provide the same shielding effect when concrete sample B is to be used. It will also require about 1.75 of sample C for the same purpose. 

Using concrete as a secondary shield depends on many factors, amongst which are: type of radiation being shielded, the activity of the source, and on the dose rate which is acceptable outside of the shielding material. Because of the harmful effect of radiation, correct concrete mixture and thickness should be used for safe working environment. Cement is the most expensive among the major component of ordinary concrete, thus might be economized. Human health and lives should not be compromised at any cost, because radiation can induce death depending on the dose. Whenever concrete is recommended for shielding purpose then sample A is recommended. Sample C may not be popular when shielding capacity and structural integrity is to be considered. This is due to the fact that it is less compact and thus not likely to meet structural demand but will be a better attenuator when compared to B. If any sample rather than A is to used for  shielding purpose in energy range similar to that emitted by Cobalt-60, sample A equivalent should be calculated and used. This implies getting appropriate thickness of other mixture that will produce the same attenuation with a specified thickness of A at the required energy. This is may be estimated from the ratio of the HVL of A to the other mixture to be used.
There is a need to categorize concrete types based on their shielding capacity in the field of radiation protection so as to know the right concrete mixture to use for this purpose. 
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