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Abstract  In India, bricks as building materials are mainly prepared by clay using the deposited sediments of rivers, 

and the radionuclide contents in bricks and brick-making clays should vary with origin and geological condition. In 

this paper, the radionuclide contents of these materials from river bank areas of Cuddalore district, Tamilnadu India 

are measured by gamma ray spectrometer using NaI(Tl) detector, and compared with those of other countries. The 

radiation hazard indices, which are evaluated by radium-equivalent (Raeq) activity, are lower than that of NEA-OECD.  
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1 Introduction 

The uranium and thorium series, and 40K are mainly 

natural radionuclides in soil, building materials and 

recycled industrial waste[1,2]. It is important to 

calculate radioactive parameters and contents in the 

construction materials due to public exposure. About 

80% components in public and residential materials in 

India are bricks[3], prepared mainly by deposited clay 

sediments of rivers. Thus, the radionuclide content of 

raw materials and bricks varies with origin and the 

geological conditions[4]. 

The radioactive concentrations in the normal 

construction clays are usually ppm U and Th, and less 

than 4% K. The radioactive clays, however, can be 

more than 10-ppm U, 20-ppm Th, and 5% K, and it is 

necessary to determine the radioactive value of 

construction clays. If the concentration of natural 

radionuclide at the residential and public places 

exceed 30-ppm Ueq(uranium-equivalent), it should be 

believed that mankind be exposed in the radioactive 

environment, such as radon exhalation from buildings 

of high-radium levels. In this study, the natural 

radioactivity in clays and the bricks collected from 

areas of river bed at Cuddalore District, Tamilnadu, 

India were measured. Results show that the average 

Raeq (radium-equivalent) activities in the bricks were 

less than 370 Bq·kg–1, all hazard indices are 0.11 to 

0.19. 

2 Materials and methods 

The gamma-ray spectrometer was employed to 

calculate the activity of 226Ra, 232Th and 40K in the 

building materials. The bricks and brick-making clays 

along two river bank areas of the Cuddalore district 

were powdered into grains of the same size, and the 

samples were transferred to a porcelain dish and dried 

at 110ºC. After the sieve of 150 Sv, the samples were 

weighed and sealed in a 250-mL plastic container for a 

month in order to ensure the radioactive equilibrium 

between 226Ra, 222Ra and its progeny. Radiometric 

analyses were carried out using γ-ray spectrometer in 
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the laboratory of Radiological Safety Division, Indira 

Gandhi Centre for Atomic Research (IGCAR), 

Kalpakkam, Tamilnadu, India. The NaI(TI) detector 

(3''×3'') and a 8 K multi-channel analyzer were used to 

record the γ-spectra. The 250-mL standard sources of 

uranium (1997.56 Bq), thorium (1237.28 Bq) and KCl 

(5181.39 Bq) from IAEA were used to calibrate the γ- 

ray spectrometer. The counting time of a sample was 

20000 s, and the minimum detectable activities (MDA) 

were 13.25, 8.5, and 1 Bq·kg–1 for 40K, 226Ra and 232Th, 

respectively. 

The 238U concentration was determined by the 

following γ-rays: 351.9 keV of 214Pb; 609.3, 768.4, 

1120.3, 1238.1 and 1764.5 keV of 214Bi; and 186 keV 

of 226Ra. The 232Th concentration was measured by 

338.4, 911.1, 968.9 and 974 keV of 228Ac; 538.3 and 

2614 keV of 208Ti. The 40K content was evaluated by 

its 1460.7-keV γ-rays. The γ-ray efficiency factor was 

given by Eγ = a1 +a2E after correcting background and 

Compton scatter contributions, where a1 and a2 are fit 

parameters, E is the γ-ray energy and Eγ is in the 

natural logarithm. The efficiencies of 232Th, 226Ra and 
40K in the samples were programmed in the 

spectrometer computer, so as to calculate their average 

activity.  

3 Theoretical Calculations 

The radiation hazards of 226Ra, 232Th and 40K are 

widely expressed by the Raeq in Eq.(1), which means 

that 1 Bq·kg–1 226Ra, 0.7 Bq·kg–1 232Th and 13 Bq·kg–1 
40K produce the same γ-ray dose rates[4]. The annual 

radiation dose is calculated by Eq.(2)[4].  

Raeq = ARa + 1.43ATh + 0.077AK       (1) 

ARa/740 + ATh/520 + AK/9620 ≤ 1      (2) 

where, ARa, ATh and AK are the activity concentrations 

of 226Ra, 232Th and 40K in the materials, respectively. 

4 Results and Discussion 

4.1 Radioactivity in brick samples

Table 1  Activity concentrations (Bq·kg–1) of 232Th 226Ra and 40K, and Raeq, and annual dose, in bricks at Cuddalore, India. 

 

Table 1 shows that the activity concentration of 
232Th, 226Ra, and 40K in bricks from the Vellaru river 

bed are 36.08–40.54, 15.61–19.99, and 203.39–266.75 

Bq·kg–1, respectively. For bricks of Kedilam river bed, 

their concentrations are 48.49–57.65, 16.42–23.85, 

and 445.93–486.14 Bq·kg–1, respectively. For their 

average values of activity in the two river beds, the 
226Ra are 18.54 and 20.99 Bq·kg–1, which is less than 

world average of 50 Bq·kg–1[5], the 232Th is 38.00 and 

52.25 Bq·kg–1, and the 40K is 244.50 and 458.71 

Bq·kg–1, which is less than world average of 500 

Bq·kg–1[5]. Somlai et al.[11] recommended that the 

usable dwelling materials was less than 370 Bq·kg–1 

Raeq. In this paper, the Raeq of local bricks is 107.4 

Bq·kg–1, indicating that there is no unacceptable 

radiological hazard. The annual radiation dose of the 

bricks is 0.11 to 0.19. 

Table 2  Comparison of activity concentration and radium 
equivalent (Bq·kg–1) in brick making clays at different country. 

Countries No ARa ATh AK Raeq Ref.

Australia 25 41 89 681 220 [6] 

China – 41 52 717 171 [7] 

Egypt 1 20 14 204 56 [8] 

The Netherlands 14 38 41 560 141 [9] 

Srilanka 24 35 72 585 183 [4] 

Bangladesh – 108.8 58.1 234.1 209.9 [10]

This work 10 19.5 43.7 330.2 107.4 – 

Table 2 shows that the total activities of the 

radionuclides and Raeq index for brick-making clays 

are compared with that of other countries. The 43.70 

River bed Name 232Th 226Ra 40K Raeq Annual dose / mSv 
MNB 38.31 15.61 243.64 89.15 0.11 
VRB 38.64 16.55 203.39 87.46 0.11 
GNB 40.54 19.45 260.28 97.46 0.13 
KMB 36.08 19.85 235.37 89.56 0.12 
KKB 37.44 19.83 257.60 93.20 0.12 

Vellaru  

ANB 37.00 19.99 266.75 93.43 0.12 

SVB 48.86 16.42 448.57 120.82 0.16 
PTB 48.49 22.23 445.93 125.90 0.16 
APB 54.03 23.85 454.21 136.08 0.18 

Kedilam  

KPB 57.65 21.48 486.14 141.35 0.19 
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Bq·kg–1 232Th is comparable with that of China and the 

Netherlands, but this is higher than that of Australia, 

Srilanka and Bangladesh, and lower than of Egypt. 

The 19.52 Bq·kg–1 226Ra is more than that of Egypt, 

and the 330.18 Bq·kg–1 40K is comparable with that of 

Egypt and Bangladesh. 

4.2 Radioactivity in brick making clays 

Clays usually contain nine kinds of natural radio- 

nuclides, in which the 232Th, 226Ra, and 40K are 

primary. As shown in Table 3, the concentrations of 
232Th, 226Ra, and 40K in the brick-making clays of the 

Vellaru river bed are 31.98–40.21, 14.36–18.78, and 

221.35–265.1 Bq·kg–1 with an arithmetic mean of 

37.17, 16.37, and 247.79 Bq·kg–1, respectively. And 

the concentrations of 232Th, 226Ra, and 40K in the brick 

-making clays of the Kedilam river bed are 33.56 – 

49.32, 16.54–19.98, and 335.47–471.89 Bq·kg–1 with 

the mean of 44.04, 18.05, and 401.74 Bq·kg–1, 

respectively. These activities in the clay samples of 

both Vellaru and Kedilam river bed are less than those 

of Ref.[1] (50, 50, and 500 Bq·kg–1, respectively), and 

the radium Raeq is lower than that of the recommended 

370 Bq·kg–1, indicating no radiological hazards. 

Table 3  Activity concentration (Bq·kg–1) of natural radio- 
nuclide in brick-making clays at Cuddalore district, India. 

Sites Name 232Th 226Ra 40K Raeq  

MNC 35.98 14.36 247.36 84.85 

VRC 39.33 16.30 249.73 91.77 

GNC 39.95 14.55 256.10 92.09 

KMC 40.21 18.78 253.82 95.82 

KKC 35.60 16.02 249.40 86.13 

Vellaru 

ANC 31.98 18.25 221.35 81.02 

SVC 45.69 17.85 471.89 119.52 

PTC 47.60 17.86 407.17 117.28 

APC 33.56 16.54 335.47 90.36 

Kedilam 

KPC 49.32 19.98 392.45 120.72 

Table 4  Comparison of activity concentration and radium 
equivalent (Bq·kg–1) in brick-making clays at different areas. 

Places No. ARa ATh AK Raeq Ref.

Sicily, Italy 7 34±8 38±17 513±192 127±41 [12]

Cario region 16 16.8 18.7 354 70.8 [13]

Dhaka   – 33±7 16±4 574±111 100±39 [14]

This work 10 17 39.9 309.3 97.95 – 

Table 4 shows that the average activities of the 

radionuclides and the Raeq in brick-making clays are 

compared with that of other areas. The 39.9 Bq·kg–1 
232Th is comparable with that of Sicily, and lower than 

that of Cario region and Dhaka city. The 17 Bq·kg–1 

226Ra is lower than that of Sicily and Dhaka except for 

16.8 Bq·kg–1 of Cario region. The 309.3 Bq·kg–1 40K is 

lower than that of other countries. 

5 Conclusions 

In summary, the Raeq in bricks were less than 370 

Bq·kg–1 and the hazard indices of all the samples are 

0.11 to 0.19. These bricks and brick-making clays are 

safe as construction materials at Cuddalore District, 

Tamilnadu, India. 

References 

1 United Nations Scientific committee on the Effects of 

atomic radiation (UNSCEAR). Sources and risks of 

ionizing radiation, 1988. Report to the general assembly 

with Annexes. New York: United Nations. 

2 Gibson J A B, Thompson I M G, Spiers, F W. A guide to 

the measurement of environmental gamma radiation, 

National physical laboratory, London, 1993. 

3 Beg M N A, Qureshi M H, Yousa M, et al. Pak J Sci Ind 

Res, 1989, 32: 458 –463. 

4 Hewamanna R, Sumithrarachchi C S, Mahawatte P, et al. 

Appl Radiat Isot, 2001, 54: 365–369. 

5 NEA-OECD, Nuclear Energy Agency. Exposure to 

radiation from natural radioactivity in building materials. 

Reported by NEA group of experts, OECD, Paris, 1979. 

6 Beretka J, Mathew P J. Health Phys, 1985, 48: 87–95. 

7 Pan Z, Yang, Y, Guo M. Radiat Prot Dosim, 1984, 7: 235 

–238. 

8 Ibrahim N, J Env Rad, 1999, 43: 255–258. 

9 Ackers J G, Den Boer J F, Dejong P, et al. Sci Total Env, 

1985, 45: 151–156. 

10 Mollah A S, Ahmad G U, Hussain S R, et al. Health Phys, 

1986, 50: 849–851. 

11 Somlai J, Horvath M, Kanyar B, et al. Health Phys, 1998, 

75: 648–651. 

12 Rizzo S, Brai M, Basile S, et al. Appl Radiat Isot, 2001, 

55: 259–265. 

13 El-Tahawy M S, Higgy R H. Appl Radiat Isot, 1995, 46: 

140–1406. 

14 Miah F K, Roy S, Touhiduzzaman M, et al. Appl Radiat 

Isot, 1998, 49: 133–137. 

 


	Measurement of natural radionuclides in bricks and brick-making clays from Cuddalore district, Tamilnadu, India
	1 Introduction
	2 Materials and methods
	3 Theoretical Calculations
	4 Results and Discussion
	4.1 Radioactivity in brick samples
	4.2 Radioactivity in brick making clays

	5 Conclusions



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1800
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


