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A B S T R A C T   

The use of building materials made from geological sources contributes greatly to the indoor 
radiation exposure of human. As a result, it is critical for public health that building materials be 
screened for elevated radionuclide concentrations. This research measures the primordial 
radionuclide content of concrete blocks derived from mine tailings and also estimates the indoor 
annual effective dose rate (AEDR) and associated parameters. Furthermore, it presents a simple 
empirical relationship for evaluating dose rate per unit specific activity due to radionuclides from 
a wall of arbitrary dimensions. Twelve concrete blocks constructed using tin mine tailings as fine 
aggregates were collected locally and analyzed for 235U, 232Th and 40K content using gamma 
spectrometry analysis. The concentration of 238U ranged from 86.29 to 197.73 Bq/kg with a mean 
of 120.93 Bq/kg. Also, the specific activity of 232Th and 40K is within the limits: 99.01–353.67 Bq/ 
kg and 500.71–1021.77 Bq/kg with mean values of 248.31 Bq/kg and 635.10 Bq/kg, respectively. 
Obtained dose rate per unit specific activity agreed well with data from literature. Using the 
derived values of dose rate per unit specific activity, the annual effective dose rate (AEDR) ob-
tained from a typical Nigerian room varies significantly from that obtained from equations in 
referenced documents where a different room configuration was used. The mean AEDR from the 
realistic Nigerian room (3.6 × 3.6 × 3 m3) was higher than the world average value but less than 
the recommended safety limit of 1 mSvy− 1. Some of the blocks with AEDR more than the safety 
limits were recommended for use in superficial quantities for building construction. The model 
derived in this study can be applied to calculate dose rates within any room configuration.   

1. Introduction 

Radiation has always been a human companion ever since man appeared in his environment. The risk associated with human 
exposure to ionizing radiation can never be eliminated but rather reduced [1]. This is due to the fact that radiation will continue to be 
present in the human environment. Sources of environmental radiation exposure to man may be categorized into natural and artificial 
sources [2]. The natural sources of radiation are inevitable as they are present in the human environment as cosmic radiation, whose 
exposure rate depends on geomagnetic latitude and altitude; terrestrial radiation, which emanates from primordial radionuclides such 
as isotopes of thorium, uranium, cesium, potassium, etc.; and internal radiation from 12C and 40K within man himself [2]. The 
terrestrial radiation exposure level often depends on the geology of the local environment, hence, exposure level varies with geography 
[3,4]. 
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While the natural sources of radiation may be difficult to control, the artificial sources have always been regulated so that human 
exposure levels are as low as practicable. Environmental radiation level could be enhanced when the natural environment is perturbed 
by human activities such as mining and milling of minerals, excavations and the use of materials within high radiological content as 
raw materials for the construction of structures used for homes and offices [5]. The use of natural rocks, stones, or other geological 
formations directly or as raw materials for building materials is a major source of indoor radiation burden in the human environment. 
The radionuclide content of building materials comes primarily from primordial radionuclides, which are embedded in the natural 
rocks and raw materials from which these structural units are derived [6]. 

Concrete is a major building material whose applications cut across different economic strata. It is often used in large quantities for 
the construction of walls, floors, and sometimes roofs of structures that serve as homes, offices, business centers, places of worship, 
roads, road pavements, and others. Annually, the mean production of concrete per capita is 1 m3 [7]. The widespread acceptance of 
concrete is predicated by the accessibility of the raw materials, its durability, mechanical strength, ease of production, low cost of 
production, minimal maintenance, and other benefits [8]. The major components required for making concrete are aggregates, 
cement, and water [5]; these are largely obtained from geological units. Being a product of geological formations, its radionuclide 
content is thus dependent on the description of the geological parameters of the materials from which the components were derived. 
Therefore, the specific radioactivity of concrete and other building materials fabricated from substances of different geological origin 
differs [2,7,9–12]. 

Furthermore, in order to reduce the cost of concrete production, the emission of greenhouse gases associated with cement pro-
duction, and environmental problems due to the collection of aggregates and mineral rocks for cement production, there have been 
successful attempts to partially replace some of the main components required for concrete making with other materials. For instance, 
Estokova and Singovszka in 2021 [13] evaluated the radiological risk indices of cement mortar with different proportions of cement 
replaced by blast furnace slag (BFS) up to 95% by weight. The replacement was found to increase the specific activities of 40K, 232Th, 
and 238U at different rates depending on the replacement level. Increasing BSF content in concrete has also been confirmed to increase 
the radionuclide concentration burden in cement mortars in other studies [14,15]. This was attributed to the higher specific activity of 
natural radionuclides in the BFS. As a way of recycling them, other industrial waste has been used as raw materials in the production of 
concrete [12,16–18]. It is therefore clear that the diversity in the indoor radiation level for structures constructed from concrete would 
depend on the nature or origin of the concrete materials. 

To estimate the radiation induced risk associated with the use of building materials, it is essential that the radionuclide content of 
such materials be measured. This would help in determining the potential radiological risk associated with the use of the materials. It is 
expected that screening levels as recommended by local and international regulatory agencies will be used to discourage the use of 
highly radioactive building materials. Unfortunately, there is no radiological screening level for building materials that is prescribed 
and enforced by authorities in Nigeria. Consequently, building materials from diverse sources are used for construction without data 
on their radionuclide concentration levels. 

Recently, [19] reported high 238U, 232Th, and 40K concentrations in the mine soils and tailings of an active tin mine in the Jos area of 
Nigeria. Despite this finding, waste from this mine still continued to be used as aggregate for the construction of concrete blocks which 
are used for the construction of homes among low- and middle-class members of the Jos area. This could result in elevated radiation 
dose rate for the inhabitants of such structures. The fact that humans spend more than 50% of their time indoors suggests that the 
radiation exposure burden for the inhabitants of such structures cannot be ignored. Aside from medical exposure, building materials 
are the leading source of radiation exposure for humans [6]. These consequences motivated this study. The aim of this research is to 
estimate the radiological risk involved in the use of concrete blocks constructed from mine waste as building materials in the Jos area. 
The indoor annual effective dose in a typical model Nigerian room was also estimated and presented in this study. A simple empirical 
method for estimating dose rate within a building was also derived and applied in the report with the objective of continently esti-
mating gamma dose rates due to inherent natural radionuclides in building materials for any room configuration. The derived method 
could be used to accurately screen building materials and room designs with the view of reducing indoor radiation exposure. 

2. Materials and method 

In order to ascertain the radiological safety of concrete blocks constructed using tailings from a mine, the blocks were collected and 
analyzed for their radiological content. The radiation safety indices of the blocks were calculated and their implications scrutinized. To 
obtain the actual dose received by individuals in a standard single room constructed from concrete, a mathematical model was 
constructed to obtain the dose rate from each wall in the standard room. The model was tested against previous models for validation. 
The details of the research methods are given in the sections below. 

2.1. Sample collection and preparation 

Twelve (12) concrete blocks whose fine aggregate could be traced to mine tailing collected in active and abandoned tin mines were 
collected in the Jos area of Nigeria. The block samples were crushed using agate mortar and sieved through a 500 μm mesh for particle 
size homogeneity. About 500 g of the samples were poured into 500 ml Marinelli beakers and sealed airtight to prevent radon gas from 
escaping from the sample. The samples were kept in the laboratory for 29 days to allow for secular equilibrium between 238U and its 
progenies. 

2.2. Activity measurement and spectra analysis 

To measure the specific activity of the natural radionuclides: (238U, 232Th and 40K) in the block samples, a gamma spectrometric 
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procedure was adopted. The spectrometric analysis was carried out with the use of a Canberra high purity germanium (HpGe) detector. 
The detector was housed in a 5 cm thick Pb cylindrical shield with an internal diameter of 24 cm and a height of 60 cm. The lead shield 
was lined with layers of 3 mm each of Cd and Plexiglas to provide additional shielding from external background radiation. The 
detector was coupled to a multi-channel analyzer card and PC for analyzing the photopeaks, which were accumulated over a period of 
10 h. The energy resolution (full width at half maximum, FWHM) at 1.333 meV of the 60Co gamma line was 0.0024 MeV, with a 
relative efficiency of 50%. The detector was calibrated using standard IAEA referenced source soils (RG U- 238), RG Th-332, RG K-40 
with the same geometry and density as those of the pulverized block samples. The gamma spectra lines were carefully analyzed using 
Genie2000 spectroscopic software from Canberra by matching each photon energy peak to a gamma photon from specific radionu-
clides. The 238U activity concentration was calculated indirectly from the gamma-ray peaks emitted by 214Bi (609.31 and 1120.30 
keV), while the 238.63 keV and 583.16 keV peaks from 212Pb and 228Ac gamma decay, respectively, were used to determine the 
concentration of 232Th, and the single 1.46 MeV gamma line of 40K was also used to determine the concentration of 40K in the soil 
samples. The gamma-ray spectrum was accumulated and analyzed using Genie 2000 software. 

The activity of the radionuclides was determined using Equation (1) [20]. 

Ai =
Cn

Eγ MsIγ
(1)  

where Ai is the activity concentration of the radionuclides (235U, 232Th, and 40K) in the block samples, Cn is the net count per second of 
the sample under the corresponding photo-peak, Eγ is the efficiency of the detector at the specific gamma ray energy of interest, Ms is 
the mass of the assigned sample, and Iγ is the intensity of the gamma rays line of interest. 

2.3. Evaluation of radiological dose and dose indices 

As part of the radiological impact assessment of the 235U, 232Th, and 40K concentrations in the concrete blocks, radiation dose and 
risk parameters are usually calculated. Different doses and hazard indices were estimated as follows. 

2.3.1. Absorbed dose rate (Ḋ) 
The absorbed dose rate (Ḋ) in air due to the activity concentration of 238U, 232Th, and 40K in the block sample was evaluated using 

Equation (2) [2,19,21]. 

Ḋ
(
nGyh− 1)=

∑3

i=1
Ai Ci (2)  

where Ai and Ci are the measured activity concentrations (Bq/kg) of 238U, 232Th and 40K in the blocks and the dose rate conversion 
factor. Ci has values equal to 0.462, 0.604 and 0.0417 nGyh− 1 per Bqkg− 1 for 238U, 232Th and 40K respectively. 

2.3.2. Annual indoor effective dose rate (AEDRin (mSv/y)) 
The indoor annual effective dose rate received by an inhabitant of a structure made from the concrete block was estimated as given 

in Equation (3) [2]. 

AEDRin

(
mSv

y

)

= Ḋ
(

nGy
h

)

× 8760
(

h
y

)

× 0.8× 0.7 × 10− 6
(

mSv
nGy

)

(3)  

2.3.3. Activity concentration index 
The activity concentration index I is a parameter that could be used to screen building materials as radiologically safe or otherwise. 

Table 1 
Sample code, density and specific activity of238U,232Th, and40K in the concrete blocks.  

Block sample Density (kgm− 3) Specific activity (Bq/kg) 
238U 232Th 40K 

CB1 2146 108.6 ± 19.78 353.67 ± 5.31 521.49 ± 89.39 
CB2 2209 128.96 ± 11.32 285.8 ± 2.94 1021.77 ± 24.68 
CB3 2150 103.05 ± 12.88 140.62 ± 6.56 500.71 ± 22.18 
CB4 2120 109.8 ± 14.53 168.97 ± 17.77 542.48 ± 34.66 
CB5 2145 86.29 ± 7.18 99.01 ± 9.85 597.17 ± 27.34 
CB6 2143 99.91 ± 8.49 205.82 ± 9.87 516.6 ± 36.6 
CB7 2145 107.32 ± 5.98 332.35 ± 10.87 617.55 ± 39.31 
CB8 2123 128.79 ± 12.23 323.88 ± 2.88 1016.14 ± 56.24 
CB9 2125 96.79 ± 17.23 221.62 ± 3.16 542.84 ± 68.33 
CB10 2125 113.33 ± 16.68 318.1 ± 8.7 517.79 ± 34.42 
CB11 2146 196.73 ± 9.23 221.46 ± 9.96 531.21 ± 15.23 
CB12 2209 171.59 ± 7.29 308.38 ± 7.55 695.4 ± 23.37 
Minimum 2120 86.29 99.01 500.71 
Maximum 2209 196.73 353.67 1021.77 
Mean 2148.83 120.93 248.31 635.10  
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The index for the building blocks was computed as follow [22]: 

I =
CU

300
(

Bq
kg

)+
CTh

200
(

Bq
kg

)+
CK

3000
(

Bq
kg

) (4)  

3. Results and discussion 

3.1. Activity concentration 

The activity concentrations of 238U, 232Th, and 40K in the twelve considered concrete blocks as well as their respective densities are 
presented in Table 1. The concentration of 238U ranged from 86.29 to 197.73 Bq/kg with a mean of 120.93 Bq/kg. Also, the specific 
activity of 232Th and 40K is within the limits: 99.01–353.67 Bq/kg and 500.71–1021.77 Bq/kg, with a mean value of 248.31 Bq/kg and 
635.10 Bq/kg, respectively. These values show that the concentrations of the three radionuclides follow the order CK >CTh >CU for all 
the surveyed blocks. This pattern is consistent with that of mine tailing used in producing the blocks reported earlier [19]. Further-
more, the trend is consistent with the natural abundance of radioactive atoms in undisturbed soils [2,23]. This further suggests they 
could have originated from heavy mineral deposits in the mineral soil from which the tailing aggregates were derived (Bharath et al., 
2022). The mean activity of the three radionuclides was well above the reported world average values of 30, 35, and 400 Bq/kg for 
238U, 232Th and 40K [24]. Furthermore, the radiological content of the present blocks is compared with similar concrete blocks from 
other parts of Nigeria and other countries in Table 2. Clearly, the mean activity concentrations of 238U and 232Th (120 and 248.31 
Bq/kg, respectively) in the presently studied concrete blocks are higher than those from previous studies within and outside Nigeria. 
For instance, the concentrations obtained in this study for 238U and 232Th were 3.21 and 3.52 times greater than those obtained by 
Ademola in southwester Nigeria in 2008 and at least 2.78 and 5.2 greater than those obtained in Israel by Kovler et al. in 2002 (see 
Table 2). This point to 238U and 232Th rich minerals such which could only have come from the fine aggregate soil tailing used for the 
blocks fabrication. However, the specific activity of 40K was found to be lower compared to that obtained from Finland and Israel. 
Based on the high radioactive content of the concrete blocks, their corresponding radiological safety parameters were estimated to 
ascertain their safety as building materials. 

3.2. Radiological dose parameters 

Diverse radiation dose quantities are often used to discriminate against the radiological risk associated with the use of materials for 
building. In this report, three parameters were computed for the purpose of evaluating the appropriateness of using concrete blocks for 
constructing homes. The absorbed dose rate, annual effective dose, and gamma dose index estimated via the use of Equations (2)–(4) 
are given in Table 3. The absorbed dose rate ranged from 124.57 to 297.5 nGy/h with a mean of 232.32 nGy/h. These translate to a 
mean indoor AEDE of 1.14 mSvy− 1. The dose rate of all the blocks exceeds the world averages for outdoor and indoor exposure of 45 
and 84 nGh− 1, respectively [2]. These put the concrete blocks on the high side of the world average value of the radiation dose rate in 
building materials. Furthermore, more than half of the twelve blocks have an AEDE greater than the 1 mSv/y safety limit [32]. On the 
other hand, all the investigated concrete samples had an indoor AEDE value greater than the 0.41 mSv/y world average. These 
quantities suggest that the concrete blocks may not be ideal for building human residences, at least not in large quantities. 

The activity concentration index I is used for screening materials that could exceed reference dose limits. Its value should be ≤ unity 
in order for dose limits not to be exceeded. Table 3 shows that only one sample had values of I less than unity. The index varies within 
the boundary 0.98–2.39. This makes the blocks appear unsuitable for building materials from a radiological health perspective. 
However, I may also be used to ascertain in what quantity a material may be used for building. It has been recommended that when the 
I is less than unity, the material can be used in bulk or in whatever quantity is desired for building. However, when the unity limit is 
exceeded, the material can only be used in superficial amounts [33]. These concrete blocks may be used in superficial quantities based 
on the gamma index. In addition, it has also been argued that precise dose valuation be carried out in such cases where the unity bound 
is exceeded. Such precision should take into account the density and thickness of the concrete in estimating indoor effective dose rate. 
Consequently, we examine a model for estimating the actual dose rate for an arbitrary room configuration. 

Table 2 
Comparison of specific activity of concrete blocks from different studies.  

Location Specific activity (Bq/kg) Reference 
238U 232Th 40K 

Cuba – 12.00 595.00 [25] 
Egypt – 64.00 480.00 [26] 
Finland 33.00 34.00 800.00 [9] 
Ghana 9.80 20.50 107.00 [27] 
Israel 42.90 47.70 870.10 [28] 
Nigeria 29.00 26.00 289.00 [29] 
Nigeria 24.50 37.30 354.40 [30] 
Nigeria 37.30 70.50 339.00 [31] 
Nigeria 120.00 248.31 635.10 Present study  
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3.3. Indoor gamma dose within a standard room 

Based on the fact that I exceed the unity limits, a more accurate dose evaluation technique that takes into consideration the quantity 
of blocks (density and thickness) used in the construction of a typical room in Nigeria is presented. Models that consider thickness and 
density have previously been put forward in previous studies; they failed due to thickness and density limitations [33]. In order to 
evaluate the absorbed dose rate due to the gamma ray source from natural sources in the concrete block, we derive an analytic 
expression for dose rate from a rectangular wall. 

3.4. Dose calculation for an arbitrary rectangular wall configuration 

Consider a rectangular wall with arbitrary dimensions L and B (Fig. 1) containing radioactive atoms emitting photons of energy E. 
To calculate the absorbed dose rate in air at P (a perpendicular distance H from the center of the wall surface), a cylindrical 
configuration was considered for simplicity, as shown in Fig. 2 [34]. Looking at an infinitesimal cylindrical source within the main 
cylindrical at Q. Let the volume and mass of the cylindrical element be: 

dv= 2πrdrdt (5)  

dm= ρdv = 2πρrdrdt (6) 

ρ is the density of the cylindrical wall. The specific activity Am of wall element is 

dA=Amdm = 2πrρAmdrdt (7) 

The dose rate at P due to the cylindrical element is: 

dḊ=
ΓdA

(x + y)2 Be− (μmy+μax) (8) 

In Equation (8), B is the photon buildup factor of the source material while μm and μa is the linear attenuation coefficient of the wall 
materials and air respectively. Equation (8), has ignored photon buildup factor in air while the specific gamma constant of the 
radioactive isotope is Γ 

Table 3 
Dose parameters due to specific activity in the blocks.  

Block sample Dose parameters 

D (nGyh− 1) AEDE (mSvy− 1) Ig 

CB1 285.54 1.4 2.3 
CB2 274.81 1.35 2.2 
CB3 153.42 0.75 1.21 
CB4 175.41 0.86 1.39 
CB5 124.57 0.61 0.98 
CB6 192.01 0.94 1.53 
CB7 276.07 1.35 2.22 
CB8 297.5 1.46 2.39 
CB9 201.21 0.98 1.61 
CB10 266.08 1.3 2.14 
CB11 246.8 1.21 1.94 
CB12 294.53 1.44 2.35 
Minimum 124.57 0.61 0.98 
Maximum 297.5 1.46 2.39 
Mean 232.32 1.14 1.86  

Fig. 1. Wall surface dimension.  
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For the entire wall, the total dose rate Ḋ is the integral of Equation (8) i.e. 

Ḋ= 2πΓAv

∫ T

0

∫ R

0

rBe− (μmy+μax)

(H + t)2
+ r2

drdt (9) 

Ignoring attenuation in air and using the approximations: H » t and y ≈ t, Av is the activity per unit volume. 
For a thick source, Equation (9) becomes 

Ḋ= 2πΓAv

∫ T

0

∫ R

0

rBe− μct

H2 + r2 dtdr (10) 

The solution to Equation (10) will depend on the form of B. If narrow beam transmission is assumed (B = 1), then, 

Ḋ= 2πΓAv

∫ T

0

∫ R

0

re− μct

H2 + r2 dgdr  

Ḋ=
2πΓAv

μc

(
1 − e− μcT)

∫ R

0

rdr
H2 + r2  

The integral,
∫ R

0

rdr
H2 + r2 =

1
2

ln
(

H2 + R2

H2

)

,

Hence, 

Ḋ= πΓAv

(
1 − e− μcT

μc

)

ln
(

H2 + R2

H2

)

Ḋ= πΓAmρ
(

1 − e− μcT

μc

)

ln
(

H2 + R2

H2

)

(11) 

Considering a linear form of B i.e. B = 1 + μct [35], Equation (10) becomes 

Ḋ= 2πΓAv

∫ T

0

∫ R

0
Γ
(1 + μct)
H2 + r2 e− μctdtdr  

Ḋ= πΓAv ln
(

H2 + R2

H2

)∫ T

0
(1+ μct) e− μtdt  

Take I1 =

∫ T

0
e− μgdt =

1 − e− μcT

μ  

I2

∫ T

0
μcte

− μctdt=
1
μc

[
1 – (1+ μcT)e− μcT]

Ḋ= πΓAmρ ln
(

H2 + R2

H2

)((
1 − e− μcT

μc

)

+

(
1 – (1 + μcT)e− μcT

μc

))

Ḋ=
πΓAmρ

μc
ln
(

H2 + R2

H2

)

.
(
2
(
1 − e− μcT) − μcTe− μcT) (12) 

The new term: 
(

1 – (1+μcT)e− μcT

μc

)
accounts for the effect of B hence the multiplier accounting for multiple scattering within the cy-

lindrical wall of thickness G. The specific gamma constant for the radionuclide is estimated as: 

Fig. 2. Simplified cylindrical wall configuration.  
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Γ=
1

4π
∑

YiEi

(
μen/ρ

)

i
(13) 

Ei is the energy of the emitted photon with emission uncertainty of Yi while 
(
μen/ρ

)
is the mass energy absorption coefficient of air at 

Ei. 
In real situations, walls are actually rectangular in shape. Hence our model wall in Fig. 2 must have the same volume of radioactive 

material as the rectangular wall of thickness T in Fig. 1. In terms of the rectangular wall dimension, the radius R in Equations 11 and 
12 is [36]: 

R=
A
P

̅̅̅̅̅
16
π

√

(14)  

where A and P represent the area and perimeter of the wall, respectively. 

3.5. Validation of theory 

To validate this model, the dose at the center of a typical room constructed with ordinary concrete with dimensions 5 × 4 × 2.8 m3 

was estimated. The room has walls, floors, and a roof with a thickness of 20 cm and a density of 2.32 g cm2. Using the energy spectrum 
for 238U, 232Th, and 40K as given in [ [9,37], the dose rate per unit (mass) specific activity Ḋ/Am 

based on Equations 11 and 12 for the 

standard room was estimated, and the result is given alongside those obtained from Monte Carlo simulations and other models in 
Table 4. Clearly, the values obtained using the analytic expression in this work agree well with previous approaches. The fine line 
between the values obtained herein and previous works could be attributed to the simplified buildup expression adopted in this work 
and the gamma photon energies included in the 238U and 232Th series decays in the computation. The influence of the multiple 
scattering of photons within the walls is obvious when Ḋ/Am 

obtained through Equations 11 and 12 are compared. There was an 

increase of about 76%, 74%, and 55% in the value of dose rate per activity for 238U, 232Th, and 40K respectively, when photon buildup 
is considered. The observed increase could be higher for thicker walls. The method highlighted in this study is simple and better if the 
effects of specific room details such as windows, doors, and different roof materials are to be considered, unlike in the volume integral 
expressions used by other authors in the past [9–11]. 

Using the derived Equation (11) and 12, the dose rate at the middle of a standard Nigerian room of dimensions 3.6 × 3.6 × 3.0 m3 

with and without a standard size single window and door is estimated. The thickness of the concrete blocks, with a mean density of 
2148.83 kgm− 3 (Table 1) was taken as 10 cm. The obtained Ḋ/Am 

for Nigerian room with (NRWB) and without photon buildup (NRNB) 

is compared with that of a standard room size (5 × 4 × 2.5 m2) with (SRWB) and without (SRNB) buildup factor in Fig. 3. Obviously, 
the coefficients obtained using a standard room overestimate the dose coefficients. The dose coefficient Ḋ/Am 

for NRNB is 0.035, 0.407, 

and 0.339 nGyh− 1/Bqkg− 1 for 4 K, 232Th, and 238U respectively, with corresponding values of 0.035, 0.489, and 0.418 nGyh− 1/Bqkg− 1 

for NRWB. Using the Ḋ/Am 
for NRWB in Equation (2), the dose rate due to the radionuclides in the concrete blocks was estimated and 

shown in Fig. 4. The obtained dose rates vary within the range of 105.44–247.90 nGyh− 1 with a mean of 194.31 nGyh− 1. The figure 
shows that the dose rates from all the sampled concrete blocks were above the world average value (shown with yellow solid line). 
However, the dose rate evaluated from the literature value of Ḋ/Am 

[2,19,21] is overestimated. The dose rate obtained for a typical 

Nigerian room thus presents a more realistic value. Similarly Using Equation (3), the AEDR for a NRWB was estimated and shown in 
Fig. 5. Clearly, the more realistic Nigerian room configuration reduced the AEDR to within the safety limit of 1 mSv/y (red solid line) 
for all the blocks. However, the obtained AEDR is elevated compared to the World average value. The obtained mean AEDR reflects a 
more realistic value compared to using standard equations that did not consider Nigerian room configuration as shown in Table 3. 
Other radiation safety parameters such as gonadal dose and excess lifetime cancer risk could thus be calculated from the Ḋ/Am 

and 

AEDR estimated using a realistic room configuration. It must be noted that the dose rate obtained in this study represents the peak dose 
rate as the provision of window, door, and using a roofing material other than concrete with lower radionuclide content will further 
reduce the dose level at the center of the room. To account for windows and doors where available, the absorbed dose due to a wall 
configuration similar to the window and door will be subtracted for either the corresponding wall or that of the entire room. The 

Table 4 
Gamma specific dose rate compared for different studies and methods for a 5 × 4x2.8 m3 room with wall, floor and roof thickness of 20 cm.  

Gamma dose rate nGyh− 1 (Bqkg− 1)− 1 Wall density (gcm− 3) Method References 
238U 232Th 4 K 

0.467 0.568 0.052 2.35 Equation 11 This study 
0.823 0.986 0.08 2.35 Equation 12 This study 
0.88 1.08 0.079 2.35 Monte Carlo (MCNP5) [37] 
1.08 1.22 0.09 2.3 Hybrid Monte Carlo [38] 
0.92 1.24 0.084 2.35 Analytic [11] 
0.7 0.92 0.072 2.35 Analytic [10] 
0.93 1.1 0.081 2.35 Analytic [9]  
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Fig. 3. Dose rate per unit activity compared for standard and typical Nigerian rooms.  

Fig. 4. Dose rate due to radionuclide content of the investigated concrete blocks.  

Fig. 5. Indoor AEDR of a Nigerian room constructed from the investigated concrete blocks.  
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inclusion of radiation attenuation in air which was ignored in this dose calculation model, could further reduce the dose received from 
the concrete blocks. 

4. Conclusion 

Twelve concrete blocks made using tailings from a tin mine were analyzed for their primordial radionuclide content. Using a well 
calibrated HpGe detector, the mean concentration of 238U, 232Th, and 40K was 120.93 Bq/kg, 248.31 Bq/kg and 635.10 Bq/kg 

accordingly. The evaluated dose rate per unit (mass) specific activity 
(

Ḋ/Am
) varies with radionuclide and also depends on photon 

buildup factor. Using the derived Ḋ/Am 
the annual effective dose rate vary significantly from those obtained using conventional ex-

pressions. The dose coefficient Ḋ/Am 
for NRNB was 0.035, 0.407, and 0.339 nGyh− 1/Bqkg− 1 for 40K, 232Th, 238U respectively with a 

corresponding values of 0.035, 0.489, and 0.418 nGyh− 1/Bqkg− 1 for NRWB. Also, the obtained dose rates vary within the range of 
105.44–247.90 nGyh− 1 with a mean of 194.31 nGyh− 1. The model presented in this work could be used to estimate dose rate at the 
center or any point within any arbitrary room dimension with good accuracy and allows for the subtraction of dose due to the provision 
of windows and doors. The AEDR of the 10 blocks had a mean of 0.953 mSv/yr which is less than the safety limit. Some of the blocks 
have an AEDR higher than 1 mSv/annum, hence making them radiologically unsafe for construction purposes. They are recommended 
to be used in superficial quantities for construction. 
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