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ORIGINAL RESEARCH 

Abstract 

Twenty soil samples in the agricultural farmland surrounding selected quarry sites in Ondo and Ekiti states was assessed to measure the 
concentration of 238U, 232Th, 40K using NaI (TI) detector and estimating radiological parameters in order to determine the possible radiation 
effects to the farmers and member of the public consuming the farm products. Analysis of the result revealed that the average contents of the 
measured radioelements were 15.19, 31.92 and 1354.15, 16.55, 38.60 and 1185.44, 24.66, 34.25, 1385.89 and 18.10, 37.66, 1242.67 Bq/kg 
for Iyin, Ita ogbolu, Aaye and Ikere quarry sites, accordingly. The absorbed dose rate in the soil samples ranges from 64.91 nGy/h in Iyin 
quarry site to 146.88 nGy/h in Aaye quarry site with the mean value of 86.06 nGy/h for the four study locations. The concentration of 40K, the 
absorbed dose rate, the indoor and outdoor annual effective dose and the excess lifetime cancer risk were higher than the world limit in the 
study area, predisposing the member of the public in these locations to hazard of radiation exposure. There is the need for constant monitoring 
of the quarry sites, provision of radiation protective shield for workers mining at the sites, awareness of radiation risks to the farmers and 
members of the public around the quarry sites. 

Keywords—   farmers quarry sites, radioelements, radiation risks. 

——————————      —————————— 

1 INTRODUCTION 

Assessment of radioelement contents in soil is essential 

for environmental fortification against the damaging 

effect of radiation. Determination of the distribution of 

radioelements content of soil used in agricultural practice 

and construction purposes cannot be over-emphasized 

for human safety (Missimer et al., 2019). Soil does not only 

serve as a source of mineral resources but also serve as a 

mean of conducting the minerals element to plants that 

sustain the ecosystem. Mining of granite and its 

subsidiary products such as crushed granite, granite dust 

or fines granite chips, dimension stone off cuts, granite 

sand are very essential sources of raw materials for 

construction and industrial use.  Quarrying activities hold 

a potential for raising the radioactivity level of an 

environment (Cheweozo and Igwesi, 2021; Echeweozo et 

al., 2024) especially in locations where the inherent 

geology is rich in radioactive minerals such as 238U, 232Th, 
40K.  

Accumulation of radioelements through soils dust 

deposition, erosion, perturbation of rock materials makes 

agricultural soil near  quarry sites to be vulnerable to 

exposure to radioactive elements (Ofomola et al., 2023) 
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thereby raising the radioactivity level and impacting the 

health of the members of the public. 

Soil samples of Swabi region in Pakistan was assessed 

with HPGe detector to determine the specific 

concentration of primordial radioelement, the outcome of 

the assessment revealed that the concentration of 232Th 

was slightly higher than the world limit and that the 

concentration of 40K was 2.2 times the word average limit 

(Azeem et al., 2024). The soil and rock samples around 

quarry sites in Uturu Abia state Nigeria was assessed and 

the study concluded that there is a possible radiation risks 

to the workers in the mining site, farmers and the 

residents of the community (Echeweozo et al., 2024). 

Regassa et al (2023) investigated the Hakin Gura quarry 

site in Ethiopia and discovered that the concentration of 
238U, 232Th, were above the world average limit (Regassa et 

al., 2023). Quarry operations are very common in 

southwest Nigeria because of the abundance of granitic 

and metamorphic rocks in the region. Nonetheless, the 

radiological health risks connected with this human 

activity are not yet fully comprehended or regularly 

monitored. Enrichment of agricultural soils with 

radioelement contents above the threshold value for a 

long period of time could pose significant health risks 

such as cancer and genetic defects to farmers and 

consumers of food crops from the cultivated farmland 

around the quarry sites (Odelami et al., 2024). The 

purpose of this study is to assess the radiation risk 

connected with the agricultural soils surrounding 

selected quarry sites in Ondo and Ekiti States Southwest 

Nigeria that have not been monitored in order to 

determine the concentration of 238U, 232Th, 40K and 

estimating radiological parameters. The study will 
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provide the needed understandings into the possible 

environmental and public health impacts of quarry 

activities in the selected locations and contribute to 

emerging procedures for safer practices and boost 

sustainable agricultural use of lands in the affected areas. 

Study Area 

The study area is located on the reassembled of West 

African basement complex rock interspersed with 

sedimentary basins and crystalline rocks as shown in 

Figure 1. Its geology is based on the Dahomey basins that 

extended from southern part of Liberia through Ivory-

coast, Ghana, Togo, Benin, and ended in Nigeria 

(Oladapo et al., 2022). The Dahomey basin comprises of 

five basins:  Ivory-coast, Tano, Salt pond, Central and 

Kete. The study area is bounded by Dahomey basin on the 

west, Niger-delta basin in the east, Basement rock in the 

north and Atlantic Ocean in the south. The two major 

water basins in the Dahomey basins are located in the 

study area: Benin- Owena, and Ogun- Osun (Joel et al., 

2020). The region is characterized with tertiary and 

cretaceous sediments. The precambrian basement rocks 

of south- west comprises of migmatites, banded gneiss, 

and granite gneiss, with low grade metasedimentary, and 

metavolcanic schists. The pegmatites veins and dykes 

often intrude the migmatites and gneiss metasediments, 

while the metasediment and metavolcanic schists are 

intruded by Pan- Africa age granite and charmockites. 

Figure 1: Map showing study locations 

2 MATERIALS AND METHOD 

Five soil samples each weighing 2 kg, were spatially 

collected in four different quarry sites in the study 

locations with the aid of soil auger at 5 cm beneath the 

earth’s crust, in a labelled polythene bag with the 

coordinate of each sample marked with geographical 

positioning system. In the laboratory, the soil samples 

were sieve to remove stones and debris under room 

temperature and humidity (Yang & Sun 2022). To 

completely removed moisture, the soil samples were oven 

dried at 110 ℃ until a constant weight was attained, 

samples were then grinded and pulverized with 3 mm 

mesh to obtain a homogeneous particle. 250 g of oven 

dried samples were packed and labelled in an air-tight 

plastic container and stored in the laboratory for 28 days 

to attain secular equilibrium (Jafir, 2023) before the 

radioelements measurement using NaI (TI) detector at 

Nigeria Institute of Radiation Research, Ibadan. 

2.1 The Detector 

NaI (TI) detector is a scintillation detector that has a wide 

application in nuclear medicines and environmental 

monitoring. It is very efficient in detecting and measuring 

gamma radiation at room temperature. The radioelement 

from background radiation interacts with the material 

medium through three major ways, namely photo electric 

effect, Compton effect and pair production. The detector 

consisted of NaI doped with TI that enhances the 

emission of light from the crystal when in contact with 

ionizing radiation. The interaction of NaI (TI) crystal with 

gamma ray resulted in ionization and excitation of the 

crystal lattice which give rise to the emission of photons 

with the energy that is proportional to the energy of the 

incident radiation spectrum. The photo multiplier tube 

(PMT) enclosed in the light tight proof casing adjacent to 

NaI (TI) scintillation crystal convert the scintillation light 

to electrical signal that is amplified by the amplifier.   

Evaluation of Radiological Parameters 

The radiological parameters of interest were determined 

to assess the risk of radiation to the populace in the two 

communities, using the following equation: 

Absorbed Dose Rate 

DE (nGy/h) = 0.462AU + 0.604ATh + 0.0417AK (1) 

DE is the absorbed dose rate AU, ATh, AK are the 

concentrations of 238U, 232Th, and 40K, respectively 

(UNSCEAR 2000, Isinkaye et al., 2023). 

Annual Effective Dose Rate 

Both the indoor and outdoor effective doses were 

determined using equations (2, 3, and 4) (Isinkaye, et al., 

2023)  

AED (mSv/y) =DR×T ×F                                          (2) 

AEDin (mSv/y) = DR ×8760×0.8×0.7×10-6  (3) 

AEDout (mSv/y) =DR × 8760×0.2×0.7×10-6  (4) 

The symbol has their usual meaning as reported by 

(Isinkaye, et al., 2023) 

Excess Lifetime Cancer Risk  

ELTCR (mSv/y) = 𝐷𝑅 × 𝑣 × 𝐹    (5) 

ELTR is the excess life-time cancer risk, DR is the absorbed 

dose rate, 𝑣 is the life expectancy which will be taken as 

70 years and F is the conversion factor and taken as 0.05 

Sv-1 (Usikalu et al., 2023; Eke et al., 2024) 
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Results and Discussions 

The result of measured radioelements content and 

estimated radiological parameters for soil samples 

collected in selected quarry sites in the study locations are 

presented in Table 1 and 2. Figure 2 and 3 presents the 

comparison of the measured radioelements and 

estimated radiological parameters with the world limit. 

Analysis of the result shows that the concentrations of the 

measured radioelements range from 4.07 to 29.86, 23.19 to 

40.78, and 1030.1 to 2024.34 Bq/kg for 238U, 232Th, and 40K, 

in Iyin quarry site, 8.12 to 28.29, 27.26 to 49.16, 1030.1 to 

2024.34 Bq/kg in Ita-ogbolu, 11.67 to 43.08, 19.27 to 49.11, 

924.46 to 2277.25 Bq/kg in Aaye, 4.4 to 36.53, 26.89 to 40.53, 

1002.08 to 1661.00 Bq/kg in Ikere. The average 

radioelements content for the four quarry sites are 15.19, 

31.92 and 1354.15, 16.55, 38.60 and 1185.44, 24.66, 34.25, 

1385.89 and 18.10, 37.66, 1242.67 Bq/kg accordingly as 

illustrated in Figure 2. 

 

Figure2: Comparison of the measured radioelements 

with the world limits (WL) 

 

The absorbed dose rate in the soil samples ranges from 

64.91 nGy/h in Iyin quarry site to 146.88 nGy/h in Aaye 

quarry site with the mean value of 86.06 nGy/h for the 

four study locations. The outdoor and indoor annual 

effective dose interspersed between 0.080-0.181 mSv/y 

with the average value of 0.11 mSv/y and 0.319-0.721 

mSv/y with the mean of 0.42 mSv/y. The excess lifetime 

cancer risks range from 0.227 to 0.514 with the mean value 

of 0.30 mSv/y as depicted in Figure 3.  

 

 
 Figure 3: Comparison of the radiological parameters 

with the world limit (WL) 

 

The concentration of 238U, 232Th in most of the sites were 

lower than global limit of 35, 45 Bq/kg (Morakinyo et al., 

2022) but  the average value for the study area was higher 

than the reported values in Kwara, Osun, Nassarawa, and 

Lagos states, Nigeria (Kanmi et al., 2024; Esan et al., 2022; 

Mustapha et al., 2024; Adedokun et al., 2022).Nonetheless 

the average content of 238U, 232Th in the quarry sites in this 

study area is lower in comparison to the values reported 

in Imo state, Nigeria, Iraq, Bangladesh and Pakistan (Jibri  

and Eke, 2022; Dina et al., 2022; Azeem et al., 2024). The 

average concentration of 40K in Aaye and Iyin quarry sites 

were more than three times the global limit of 420 

(Usikalu et al., 2023) Bq/kg while that of Ikere and Ita-

Ogbolu quarry sites were approximately three times the 

world limit. Findings from the soil samples in the sites 

reveal a predominant elevation of the concentration of 40K 

which may be associated with the availability of mineral 

resources such as kaolinite and feldspar. (Kanmi, 2024; 

Taalab, 2024) and agricultural practices in the study 

locations (Adedokun, 2022). 40K is an essential nutrient in 

the soil needed for plant growth and production of food 

for human sustenance (Tiwari, 2024). However, 

concentration of 40K above the norms had been linked to 

carcinogenesis diseases (Hamed et al., 2024; Amodu et al., 

2024).      

The mean value for the absorbed dose rate in the quarry 

sites for the study location was 86.06 nGy/h which was 

above the global limit of 59 nGy/h (Morakinyo et al., 2025) 

and higher than the values reported in other locations 

according to Table 3 with the exception of Bangladesh 
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that was reported as 110.0 nGy/h. The outdoor annual 

effective dose was more than the reference limit 0.07 

(Mitra et al., 2023) for the member of the public in all the 

sampling locations while the indoor annual effective dose 

was higher than 0.41 mSv/y, the global limit (Khyalia et 

al., 2024) in 45% of the study locations. The excess lifetime 

cancer risk was higher than the global limits of 0.29 mSv/y 

(Jafer et al., 2023) in 45% of the study locations, this 

predispose the dwellers around those locations in a 

lifetime of 70 years to the risk of developing 

carcinogenesis diseases (Simon et al., 2022). The external 

and internal hazard indices were lower than unity, 

indicating that the danger of radiation injury to both 

external and internal organ as a result of exposure to the 

radioelements cannot occur in the study locations (Eke et 

al., 2024). The values of the annual gonadal index for the 

study locations were less than unity in all the sampling 

point except for only one point in Aaye quarry site, which 

indicate that the workers and farmers around the quarry 

site might not be in danger of respiratory disorder a result 

of exposure. It is also worth noting that gamma 

representative index values were less than unity which 

make the quarry products of the study locations safe for 

construction purposes with the exception of a location in 

Aaye (Oladejo et al., 2025).   

 

 

 

 

      

Table 1: Concentration of the measured radioelements in 

quarry sites 

Locatio

ns 

LONG 

(̊ N)  

LATT ( ̊ 

E) 

U 

(Bq/k

g) 

Th 

Bq/k

g) 

K 

(Bq/k

g) 

IYIN 1 5.17998

3 

7.68088

1 

4.07 29.87 1030.1 

IYIN2 5.18269

5 

7.68326

2 

4.37 40.78 1314.2

8 

IYIN3 5.18307

8 

7.68416

2 

15.32 33.07 1306.1

7 

IYIN4 5.18114

7 

7.68412

3 

29.86 23.19 1095.8

7 

IYIN5 5.18054

3 

7.68187

5 

25.91 32.69 2024.3

4 

ITA1 5.24830

7 

7.34824

3 

9.29 33.98 1030.1 

ITA2 5.24757

5 

7.34630

5 

28.29 27.26 1314.2

8 

ITA3 5.24734

8 

7.34690

7 

11.5 40.32 1306.1

7 

ITA4 5.24665

3 

7.34831

5 

25.53 42.27 1095.8

7 

ITA5 5.24611

7 

7.34815

5 

8.12 49.16 2024.3

4 

AAYE1 5.17005

7 

7.33147 20.52 19.27 924.46 

AAYE2 5.16973

7 

7.33217 11.67 32.35 1238.0

8 

AAYE3 5.16999

7 

7.33935

9 

30.06 30.28 1303.4

3 

AAYE4 5.17095

1 

7.34098

5 

17.97 40.22 1186.2

1 

AAYE5 5.17173

5 

7.34006

5 

43.08 49.11 2277.2

5 

IKERE1 5.277,5

95 

7.48094

3 

20.25 26.89 1174.7

2 

IKERE2 5.27881

3 

7.48077

5 

36.53 40.35 1661 

IKERE3 5.27628

2 

7,482,6

33 

22.73 40.35 1288.1

9 

IKERE4 5.27624

3 

7.48265

8 

4.4 40.35 1002.0

8 

IKERE5 5.27446

2 

7.48525

2 

6.6 40.35 1087.3

6 

 

Table 2: Estimated radiological parameter for soil 

samples in quarry sites 

Si

te

s 

DE 

(n

Gy

/h) 

EOU

T 

(m

Sv/

y) 

EIN 

(m

Sv/

y) 

H

EX 

H

IN 

AG

DE 

(m

Sv/

y) 

Ra

EQ 

(B

q/k

g) 

Iy EL

TC

R 

(m

Sv/

y) 

I

Y 

1 

64.

91 

0.0

8 

0.3

19 

0.

34

0 

0.

35

1 

0.4

61 

119

.62

2 

0.

50

6 

0.2

27 

I

Y

2 

84.

24 

0.1

0 

0.4

14 

0.

44

3 

0.

45

4 

0.5

97 

155

.61

8 

0.

65

7 

0.2

95 

I

Y

3 

83.

47 

0.1

0 

0.4

10 

0.

44

1 

0.

48

2 

0.5

96 

154

.96

9 

0.

65

2 

0.2

92 

I

Y

4 

74.

31 

0.0

9 

0.3

65 

0.

39

8 

0.

47

9 

0.5

33 

140

.51

1 

0.

58

1 

0.2

60 

I

Y

5 

117

.94 

0.1

5 

0.5

79 

0.

61

7 

0.

68

7 

0.8

52 

215

.79

8 

0.

92

5 

0.4

13 

I

T

1 

68.

84 

0.0

9 

0.3

38 

0.

36

5 

0.

39

0 

0.4

86 

128

.95

2 

0.

53

6 

0.2

41 

I

T

2 

88.

67 

0.1

09 

0.4

35 

0.

47

1 

0.

54

7 

0.6

38 

165

.51

2 

0.

69

4 

0.3

10 

I

T

3 

73.

55 

0.0

90 

0.3

61 

0.

39

3 

0.

42

5 

0.5

16 

139

.45

1 

0.

57

1 

0.2

57 

I

T

4 

94.

27 

0.1

2 

0.4

63 

0.

50

5 

0.

57

4 

0.6

68 

178

.80

6 

0.

73

4 

0.3

30 

I

T

5 

87.

72 

0.1

1 

0.4

31 

0.

46

7 

0.

48

9 

0.6

15 

165

.09

7 

0.

68

1 

0.3

07 
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A

Y

1 

60.

48 

0.0

7 

0.2

97 

0.

32

2 

0.

37

8 

0.4

34 

113

.44

5 

0.

47

3 

0.2

12 

A

Y

2 

78.

56 

0.0

97 

0.3

86 

0.

41

4 

0.

44

5 

0.5

60 

145

.47

5 

0.

61

3 

0.2

75 

A

Y

3 

87.

84 

0.1

08 

0.4

31 

0.

46

9 

0.

55

0 

0.6

29 

165

.52

6 

0.

68

6 

0.3

07 

A

Y

4 

84.

33 

0.1

04 

0.4

14 

0.

45

0 

0.

49

9 

0.5

96 

159

.36

2 

0.

65

6 

0.2

95 

A

Y

5 

146

.88 

0.1

81 

0.7

21 

0.

77

9 

0.

89

6 

1.0

53 

274

.33

2 

1.

14

8 

0.5

14 

I

K

1 

75.

95 

0.0

93 

0.3

73 

0.

40

3 

0.

45

8 

0.5

44 

141

.76

7 

0.

59

4 

0.2

66 

I

K

2 

112

.34 

0.1

38 

0.5

52 

0.

60

0 

0.

69

9 

0.8

03 

211

.68

0 

0.

87

7 

0.3

93 

I

K

3 

90.

75 

0.1

12 

0.4

46 

0.

48

5 

0.

54

6 

0.6

43 

171

.51

8 

0.

70

7 

0.3

18 

I

K

4 

70.

85 

0.0

87 

0.3

48 

0.

37

6 

0.

38

8 

0.4

97 

132

.95

8 

0.

55

0 

0.2

48 

I

K

5 

75.

38 

0.0

93 

0.3

70 

0.

40

0 

0.

41

8 

0.5

30 

141

.18

8 

0.

58

6 

0.2

64 

 

Table 3:   Comparison of the findings from other locations 

with the present study. 

 Locati

ons 

U 

(Bq/

kg) 

Th 

(Bq/

kg) 

K 

(Bq/

kg) 

DR 

(nG

y/h) 

Dete

ctor 

Refer

ence 

 Kwara 

state,  

10.6

4 

6.61 711.

26 

55.5

6 

NaI 

(TI) 

Kanm

i et al., 

2024 

  Osun 

state,  

30.3 2.6 228.

1 

25.0

3 

CsI 

(TI) 

Esan 

et al., 

2022 

 Nassar

awa, 

state 

5.66 0.90

4 

277.

62 

14.7

4 

NaI 

(TI) 

Musta

pha et 

al., 

2024 

 Imo 

state,  

23.3

2 

38.7

2 

146.

03 

 NaI 

(TI) 

Jibiri 

& Eke, 

2022 

 Iraq 19.4 36.2 426.

6 

 NaI 

(TI) 

 Jafir, 

2023 

 Bangla

desh 

47.0 64.0 762.

0 

110.

0 

HP 

(Ge) 

Dina 

et al., 

2022 

 Busph

orous 

Istanb

ol 

11.4

1 

6.87 369.

61 

 HP 

(Ge) 

Isel et 

al., 

2023 

 Lagos 

state 

10.9

9 

11.2

0 

19.3

8 

12.5

0 

HP 

(Ge) 

Aded

okun 

et al., 

2022 

 Turkey 599.

40 

4.61 29.6

6 

 HP 

(Ge) 

Yamic

ier 

&Yace

r, 2024 

 Pakista

n 

35.6 47.0 9.77

0 

81.4 HP(

Ge) 

Azee

m et 

al., 

2024 

 , 

Ondo

& Ekiti 

18.8

0 

35.6

1 

1292

.04 

86.0

6 

NaI 

(TI) 

Presen

t 

study 

 

3 CONCLUSION 
Twenty soil samples in the agricultural farmland 

surrounding selected four quarry sites in Ondo and Ekiti 

state southwest Nigeria was assessed to measure the 

concentration of 238U, 232Th, 40K using NaI (TI) detector and 

consequently estimated radiological parameters in order 

to determine the possible radiation effects to the workers 

at the quarry sites, the farmers and member of the public 

consuming the farm products. Analysis of the result 

revealed that among the three primordial radioelements 

assessed the concentration of 40K was elevated above the 

norms. The estimated mean absorbed dose rate for the 

study locations was higher than the reference limit but 

comparable with the values reported from other 

locations. The indoor and outdoor annual effective dose 

and the excess lifetime cancer risk were above the world 

limit predisposing the workers at the mining site, the 

farmer cultivating around the quarry sites and the 

members of the public consuming the farm product at the 

risk of exposure to ionizing radiation above the threshold. 

There is the need for protective shielded materials for the 

workers in the quarry sites and awareness of radiation 

risks to the farmers and members of the public around the 

quarry sites. Constant monitoring of the quarry sites in 

the study locations most especially the Aaye quarry site is 

essential to mitigate the possible exposure to the member 

of the public. 
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