


Natural Radioactivity in the RCC Building materials used in the Southern districts of Manipur, India	Comment by Dr Indongo, Vaino: Most researchers would wish to read RCC in full on the heading and consider abbreviations in the text. Abbreviations in headings may deviate researchers’ attention to the article after publication.



ABSTRACT: 


This study aimed to measure the amount of natural radiation found in different building materials used in the southern parts of Manipur, India. These materials include cement, concrete, sand, and bricks, which are commonly used in Reinforced Cement Concrete (RCC) construction.
The study looked at the levels of three naturally occurring radioactive elements: Radium-226 (226Ra), Thorium-232 (232Th), and Potassium-40 (40K).
Observations:
· Portland cement had average radioactivity levels of 40 BqKg-1 for 226Ra, 38 BqKg-1 for 232Th, and 1644 BqKg-1 for 40K.
· Concrete had 34 BqKg-1 for 226Ra, 61 BqKg-1 for 232Th, and 547 BqKg-1 for 40K.
· Sand had 46 BqKg-1 for 226Ra, 112 BqKg-1 for 232Th, and 1580 BqKg-1 for 40K.
· Bricks had 31 BqKg-1 for 226Ra, 148 BqKg-1 for 232Th, and 1388 BqKg-1 for 40K.
The study also discussed how this radiation might affect people. The average annual radiation dose people might receive from these materials is about 1.7 millisieverts per year (mSvy-1), which may vary between 0.8 and 3.0 mSvy-1.
The gamma radiation index, which helps to estimate the safety of the materials, was on average 1.0 (ranging from 0.5 to 1.9). A value higher than 1 could suggest higher radiation exposure.
Finally, the extra yearly radiation caused specifically by these building materials ranged from 0.1 to 2.3 mSvy-1, with an average of 1.0 mSvy-1.
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1. INTRODUCTION 
When Most often, assessing the risk that environmental radiation exposure poses to humans, attention has been focused on the distribution and concentration levels of naturally occurring radionuclides in our surroundings [1]. This is because natural radiation accounts for the major contribution of external radiation dose to the world population [2]. The chance of being exposed to radiation from natural radionuclide contamination in construction materials, both internally and externally, is very high [3-4]. It is observed that building materials used for constructing houses, such as concrete, brick, sand, marble, granite, portland cement, gypsum, etc., are mainly contaminated with natural radionuclides such as Uranium (238U) and Thorium (232Th), their decay radionuclide series, and radioactive Potassium (40K) [5]. The largest radiation exposure for the general population as well as occupational workers comes from radon, thoron, and their decaying radioisotopes [6]. These two noble gases are present in the ambient air and in the indoor atmosphere [7]. These gases are expected to be more concentrated indoors than outdoors. Radon and thoron radioactive gases found in nature are considered the primary risk factor of lung cancer for non-smokers and the second most common cause of this cancer in smokers [8]. Li et al [9] have reported that the risk of lung cancer is significantly associated with residential radon exposure. The high levels of 226Ra and 232Th in the environment are mainly linked to radon and thoron exhalation. The natural radioactivity contaminants in a building material or soil samples are usually assessed from 226Ra, 232Th and 40K content. The indoor average annual effective dose of the world-wide due to natural gamma radiation from building materials is estimated to be about 0.4 mSvy-1 [10]. Research conducted on construction materials including granite and phosphogypsum revealed an enhancement of indoor absorbed dose rate up to five times greater than the dose criterion [11], whereas building materials collected from Yan’an, China, may be utilized safely as construction materials [12]. 
The study area includes Kackching, Thoubal and Churchandpur districts of Manipur, India. This Kakching district has an area of 190 square-kilometre (sqkm) and a total population of 135,481, Thoubal district is havinghas an area of 324 sqkm with a total population of 286,687 and Churchandpur is having an area of 4,750 sqkm with a total population of 274,143 [13]. In this study area, there has been a rapid replacement of the old traditional houses (mainly assam type houses) with Reinforced Cement Concrete (RCC) structures for livelihood, during the last few decades. Studies on indoor natural gamma radiation from radioactive contamination in the construction materials of various types of houses, it has been reported that RCC buildings exhibit higher annual effective doses than other houses in this area [14-16]. Most people spend their maximum time in indoor (about 80%), hence, the concentration of radionuclides in building materials is crucial for determining population exposure. Thus, it is important to monitor and regulate the radioactivity levels in building materials to ensure the safety of residents and workers in the area. By conducting regular assessments, authorities can make informed decisions to mitigate any potential health hazards associated with exposure to radioactive contaminants. 

2. MATERIALS AND METHODS
Radiological Analysis of Building Materials
2.1 Sample collection and preparation
Within the study area, a total of fifteen (15) samples of building materials were collected, crushed into small pieces, and dried in a hot air oven for twenty-four hours at around 100° Celsius. It is then ground crushed into a fine powder, homogenized, and sieved through a 0.45 mm mesh size. Approximately 250 g of this homogeneous fine mesh of each sample is packed inside a cylindrical plastic container that has a predetermined shape (3" in diameter by 5" in height), is weighted, and is appropriately sealed to prevent radon or thoron gas from escaping [17]. The treated samples are kept in a safe place for approximately four weeks to bring 226Ra and 232Th, as well as their corresponding daughter nuclides, to equilibrium [14].                                                              	Comment by Dr Indongo, Vaino: It is also advisable to mention how many samples were collected for each type. For instance, portland cement (4), sand, concrete, etc….	Comment by Dr Indongo, Vaino: I propose you indicate the type of radioactive equilibrium.
2.2 Gamma spectrometry
Using Gamma spectrometer having HPGe detector, with a relative efficiency of 35% and a resolution of 1.8 keV for the gamma emission of the 1.33 MeV of 60Co, the specific activity concentration of 226Ra, 232Th, and 40K in the samples was determined. A mixed point source of 241Am (59.5 keV), 137Cs (661.7 keV), and 60Co (1173.2, 1332.5 keV) was employed for the energy calibration of the HPGe detection system. Once it had reached equilibrium with its daughter radio-isotopes, the uranium-ore standard (IAEA-RGU-1, uranium ore) with an activity of 4940 Bq/kg was utilized for efficiency calibration. Table 1, is the list of the daughter radionuclides and their energies that were used to calibrate efficiency. 
A fourth-order polynomial was fitted to the energy versus efficiency plot, and this polynomial was then utilized to assess the radionuclides of interest or their efficiencies. The activity of 40K was determined from 1460 keV photo peak; the activity of 226Ra was assessed from a gamma lines of 214Bi at 1766 keV and 352 keV of 214Pb; and the activity of 232Th was determined from the most prominent gamma lines of 208Tl at 510.6, 583.2, and 2610 keV, 212Bi at 727.2 KeV, and 212Pb at 238.6 KeV [18-24].
2.3 Radioactivity evaluation
The activities of 226Ra, 232Th series, and 40K are evaluated using the following equation [25]:

		                                                                          (1)
Where, N = the net gamma counting rate (counts per second) in channel E,  = the detector efficiency of the specific gamma-ray with energy E, β = the absolute probability of gamma transition at energy E and M = the mass of the sample (kg).

2.4  Gamma index ‘I’or Activity concentration index

Gamma index ‘I’ or Activity concentration index is defined to investigate the applicability of building materials in construction. It is given by the following expression [26] as;
		
I = ARa /300 + ATh /200 + AK /3000 ≤ 1				        (2)

where ARa, ATh and AK are the activity concentration of 226Ra, 232Th and 40K in Bqkg-1, respectively.
This is a straightforward reference criterion for figuring out whether building materials are applicable. When this value is more than unity, there may not be a considerable exposure that could have a negative impact on one's health [27].
2.5 Absorbed Dose Rate (D) 

The absorbed Dose Rate (D) resulting from naturally occurring gamma radiation in air was computed using the guidelines provided in EC Report 112 for a standard room dimension and common building materials containing naturally occurring radionuclides 226Ra, 232Th, and 40K [26] as;
	D (nGyh-1) = 0.92 ARa +1.1 ATh + 0.08 AK					(3)

2.6 annual effective dose (Deff)

The annual effective dose (Deff) is calculated by using the dose conversion ratio of 1.0 SvGy-1 from the absorbed dose in air received by an adult as well as a value of 0.8 as an indoor occupancy factor [10]. Deff (mSvy-1) due to gamma radiation from building materials is determined as;
	
Deff (mSvy-1) = D (nGyh-1) X 8760(h/y) X 0.8 X 1.0 (SvGy-1) X 10-6		(4)


3. RESULTS AND DISCUSSION:  

The districts of Kakching, Thoubal and Churchandpur are in southern part of Manipur, India, constitute the study area. The main materials used for this RCC building houses are portland cement, concrete, sand, and bricks, respectively. Using a gamma spectrometer with HPGe detector, the natural radioactivity contaminant levels of such building materials in study area are determined. The measured radioactivity contaminant levels of 226Ra, 232Th and 40K of these RCC building materials are shown in Table 2. All portland cements and 2 types of sand (Table 2: sand 3 & sand 4) are were imported from neighbouring states. The average specific activity of 226Ra is was 39 Bqkg-1 (range: 22 to 60 Bqkg-1), which is slightly higher than the world average value of 35 Bqkg-1 [10].  Whereas the average specific activity 232Th is was 90 Bqkg-1 (range: 23 to 198 Bqkg-1) and 40K is was 1313 Bqkg-1 (range: 431 to 2008 Bqkg-1) which are were moderately higher than the corresponding global average values of 30 Bqkg-1 and 400 Bqkg-1, respectively [10]. 
The calculated values of adsorbed dose rate (D), annual effective dose (Deff), gamma index (I) and excess dose due to building materials (Dex) are given shown in Table 2. The absorbed dose rate due to naturally occurring gamma radiations in air for a standard room dimension and for common building materials due to natural radionuclides 226Ra, 232Th and 40K ranged from 117 nGyh-1 (concrete 1) to 431 nGyh-1 (sand 4) with an average value of 243 nGyh-1, which wais observed to be higher than the world average (populated weighted) indoor absorbed gamma dose rate of 84 nGyh-1 [10].  Absorbed dose rate for different types of building materials from this study area is shown in Figure 1. The percentage contribution to the absorbed dose rate from the radioactive contaminants of 226Ra, 232Th and 40K from different building materials used, along with their mean, is shown in Figure 2.
The average annual effective doses calculated from building materials is were found to be 1.0 mSvy-1 from concrete, 1.5 mSv-1 from portland cement, 2.0 mSvy-1 from sand, 2.1 mSvy-1 from brick, and 0.6 mSv-1 from soil. Deff of the samples of building material ranged from 0.8 mSvy-1 (concrete 1) to 3.0 mSvy-1 (sand 4) with an average value of 1.7 mSvy-1, which is observed to be higher than the world average value of 0.5 mSvy-1 [28] and 0.4mSvy-1 [10]. 
The gamma index, which assesses excess gamma radiation from construction materials, showed an average value of 1.0 [range: 0.5 (concrete 1) to 1.8 (sand 4)], which is same as the suggested value of unity [26]. We can evaluate tThe occupant's annual excess effective dose (Dex) was evaluated from building materials by subtracting the annual effective dose from the undisturbed earth's crust [26]. Figure 3 is the graph between annual effective dose (mSvy-1) and Gamma index” I”, showing annual effective dose and excess dose “Dex” to the residents due to the building materials in this study area.
Radioactivity analyses of the building materials used show values that are comparatively higher than those in the world and the country [Table 3]. I, D and Deff of this study werare observed to have higher values than other national studies except the study in Valley region, Manipur, by Sharma et al [44], Una, Himachal Pradesh, by Bala et al [40], which is comparable. Other comparable studies outside the country werare also observed in Pakistan by Rahman et al. [30], Ankara, Turkey by Turhan et al. [32] and in Iran by Abbasi [35]. However, the maximum of ranges given for I, D, and Deff in global studies; radioactivity contaminant of European building material by Trevisi et al. [29] is showing exceptionally higher values compared with other studies.



4. CONCLUSIONS
A study was carried out in the southern districts of Manipur, India, to find out how much natural radiation is present in materials commonly used to build homes and buildings, such as cement, concrete, sand, and bricks.
The measured levels of naturally occurring radioactive elements 226Ra, 232Th, and 40K in these materials, especially sand and bricks, were higher than global averages. The overall radiation dose people might receive from these materials was also found to be above the world average.
For example, bricks and sand showed the highest levels of radiation, followed by cement and concrete. The study also found that the radiation absorbed by people living in such buildings could range from 0.1 to 2.3 mSvy-1, with an average of 1.0 mSvy-1, which matches the safety guideline but still calls for attention.
As weWith the construction of homes to provide comfort and protection, it is equally important to ensure they are safe and healthy environments. Understanding the materials we used is the first step toward making informed choices—choices that reduce hidden risks like radiation exposures. By selecting safer building materials and monitoring their quality, it is viatl towe can protect not only the presentour well-beings but also that of future generations. A truly safe home is not just defined by its structure, but by the thoughtfulness and care put into every material used in its construction.

Table 1: Radionuclide daughter products and their energies used for efficiency calibration


Radionuclides
Energy (Kev)
232Th
63.34

92.79
226Ra
186.22
214Pb
352.36
214Bi
609

935.21

1121

1766.8


Table 2: Radiological parameters of building materials used in the valley region of Manipur. 
	Sample Type
	Radionuclide Concentration (Bqkg-1)
	Gamma I
	D
nGyh-1
	Deff
mSvy-1
	Dex
mSvy-1

	
	226Ra
	232Th
	40K
	
	
	
	

	
	Four portland cement Samples

	Portland Cement 1
	33±4
	64±5
	1214±71
	0.8
	198
	1.4
	0.7

	Portland Cement 2
	58±4
	35±2
	1634±151
	0.9
	223
	1.6
	0.9

	Portland Cement 3
	31±3
	29±6
	1824±137
	0.9
	206
	1.4
	0.7

	Portland Cement 4
	38±5
	23±4
	1904±121
	0.9
	213
	1.5
	0.8

	Average value
	40±12
	38±18
	1644±308
	0.9
	210
	1.5
	0.8

	
	Three concrete Samples

	Concrete 1
	24±3
	41±5
	627±91
	0.5
	117
	0.8
	0.1

	Concrete 2
	41±7
	77±4
	583±141
	0.7
	169
	1.2
	0.5

	Concrete 3
	36±6
	66±3
	431±162
	0.6
	140
	1.0
	0.3

	Average value
	34±9
	61±18
	547±103
	0.6
	142
	1.0
	0.3

	
	Four sand Samples

	Sand 1
	31±2
	59±7
	1328±102
	0.8
	200
	1.4
	0.7

	Sand 2
	40±5
	73±5
	1213±56
	0.9
	214
	1.5
	0.8

	Sand 3
	51±7
	118±11
	1803±176
	1.4
	321
	2.2
	1.5

	Sand 4
	60±5
	198±18
	1976±154
	1.8
	431
	3.0
	2.3

	Average value
	46±13
	112±63
	1580±367
	1.2
	291
	2.0
	1.3

	
	Four brick Samples

	Brick 1
	29±5
	176±8
	1123±57
	1.4
	310
	2.2
	1.5

	Brick 2
	32±3
	68±9
	1441±123
	0.9
	220
	1.5
	0.8

	Brick 3
	41±8
	156±9
	2008±201
	1.6
	370
	2.6
	1.9

	Brick 4
	22±4
	193±8
	980±73
	1.4
	311
	2.2
	1.5

	Average value
	31±8
	148±56
	1388±456
	1.3
	303
	2.1
	1.4

	
	Soil Samples analysis of the study area 


	Average value*
	52
	106
	1110
	---
	---
	0.7
	---


*Average value of the reported data in [22-24] 







Figure 1: Absorbed dose rate for various types of building materials






Figure 2: Percentage contribution from 226Ra (Ra-226), 232Th (Th-232) and 40K (K-40) contaminant to the Absorbed Dose rates for different types of building materials


Figure 3: Graph between Annual effective dose (mSvy-1) and Gamma index” I”, showing effective dose and excess dose “Dex” due to building materials of the study area. 






















Table 3: Radiological parameters of building materials as reported in various studies.
	Studies
	Activity concentration (Bqkg-1)
	I

range
	D
(nGyh-1)
range
	Deff
(mSvy-1)
range

	
	226Ra
	232Th
	40K
	
	
	

	European
Trevisi  et al [29] 
	53
2-2620
	41
1-463
	425
1-3120
	0.5
0.0-12.1
	67
2-1620
	0.4
0-9.9

	Pakistan
Rahman et al [30] 
	
2-799
	
1-124
	
7-1272
	
0.0-3.7
	
2-497
	
0-3.0

	Jordanian
AI-Jundi et al [31]
	
28-70
	
6-33
	
31-59
	
0.1-0.4
	
18-55
	
0.1-0.3

	Ankara,Turkey
Turhan et al [32]
	
1-145
	
1-170
	
2-1792
	
0-1.9
	
1-244
	
0-1.5

	Kutahya, Turkey
Cetinkaya  etal [33]
	
<2-81
	
<1-25
	
<8-819
	
0-0.7
	
<2-87
	
0-0.5

	NW-Nigeria
Garba et al [34]
	
47-63
	
24-32
	
219-257
	
0.3-0.5
	
48-58
	
0.8-0.9

	Qassim, KSA,
EL-Taher, [18] 
	 
13-38
	
13-49
	
64-340
	
0.1-0.5
	
18-54
	
0.1-0.4

	Iran, Abbasi [35]
	4-94
	7-172
	557-1539
	0.2-1.7
	29-212
	0.2-1.3

	Yan’an, China,Lu et al [12] 
	9-73
	12-87
	259-1055
	0.2-1.0
	101-177
	0.5-0.9

	Urumqi, China
Ding et al [36] 
	
20-87
	
12-48
	
273-981
	
0.2-0.9
	
28-110
	
0.2-0.7

	Vhangzhi, China, 
Yang et al [37] 
	
15-131
	
10-139
	
96-819
	
0.1-1.4
	
17-179
	
0.1-1.1

	SW-coastal, India
Khandaker et al [38]
	
21-54
	
21-65
	
290-440
	
0.3-0.7
	
35-83
	
0.2-0.5

	Cuddalore,TN, India, Rajamannan et al  [39]
	
10-31
	
25-70
	
117-416
	
0.2-0.6
	
24-74
	
0.1-0.5

	Una, H.P.,India, Bala et al  [40]
	28-236
	BDL-146  
	1060-1583
	0.4-2.0
	57-263
	0.4-1.6

	N.E.,Haryana,India, Gupta et al [41]
	
18-156
	
23-300
	
32-1705
	
0.2-2.6
	46
24-324
	0.2
0.1-0.3

	E.Khasi, Megh.India, Lyngkhoi  et al 
[42]
	47
4-93
	58
14-112
	312
41-777
	0.6
0.1-1.1
	70
12-143
	0.4
0.1-0.9

	India, Kumar et al [43]
	44
	64
	456
	0.6
	78
	0.5

	India, Sharma et al [44]

	37
24-61
	99
22-212
	1536
639-2424
	1.1
0.5-2.0
	266
125-468
	1.7
0.9-3.3

	Present
study
	39
22-60
	90
23-198
	1313
431-2008
	1.0
0.5-1.9
	243
117-431
	1.7
0.8-3.0


Italic numbers are the values after re-evaluation using eqns (2), (3) & (4), BDL-below detectable limit 
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