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Abstract

A study have been carried out using gamma-ray spectrometric system to determine the natural radioactivity level 
in bricks made from industrial waste and their associated radiation hazard. Brick-1 and brick-2 contained waste 
from coal power plant and granite industry, respectively. The leachability of radionuclides from these bricks was 
also investigated. The activity concentration values of 226Ra, 228Ra, 232Th, and 40K are 64.25, 63.15, 67.9 and 
254.19 Bq kg -1, respectively in brick-1, and 193, 164.48, 164.63 and 1348.75 Bq kg -1, respectively in brick-2. 
The radiation hazard indexes such as radium equivalent activities (Raeq), representative level index (I^), external 
hazard index (Hex) and internal hazard index (Hin) were calculated and compared with the internationally 
approved values. Results indicate that brick-1 showed less radiological hazard than brick-2. This suggested that 
brick-1 could be used in building construction without exceeding the proposed criterion level. The leachability of 
226Ra for bricks showed the activity concentration slightly exceeded the limit generally used for industrial 
wastewater i.e. 1 BqL-1.

Abstrak

Satu kajian telah dijalankan dengan menggunakan sistem spectrometer gama bagi menentukan keradioaktifan 
semula jadi dan hazad radiologi dalam bata yang diperbuat daripada sisa industri. Bata-1 dan bata-2 masing- 
masing adalah dari sisa loji janakuasa arang batu dan sisa industri granit. Kepekatan aktiviti bagi Ra, R, 
232Th, dan 40K adalah masing-masing 64.25, 63.15, 67.9 and 254.19 Bq kg -1 bagi bata-1 manakala 193, 164.48, 
164.63 and 1348.75 Bq kg -1 bagi bata-2. Nilai kesetaraan radium (Raeq), indeks aras pewakilan (I^), indeks 
hazad luaran (Hex) and indeks hazard dalaman (Hin) telah dikira dan dibandingkan dengan nilai yang diterima 
peringkat antarabangsa. Keputusan menunjukkan bahawa bata-1 kurang menunjukkan hazad radiologi daripada 
bata-2. Ini dapat dicandkan bahwa bata-1 boleh digunakan dalam pembinaan bangunan tanpa melepasi tahap 
criteria yang ditetapkan. Larut lesap 226Ra bagi kedua-dua bata menunjukkan kepekatan aktiviti adalah melebihi 1 
Bql-1.
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INTRODUCTION

In Malaysia, bricks are commonly used as a structural of material, cladding, partition walls, paving and flooring. 
Recently, brick making factories in Malaysia have started to utilise industrial waste/by product as a building 
bricks. Similarly, many researchers have been used different types of industrial waste including blast furnace slag 
(Malhotra &Tehri, 1996), oil sludge (Sainika et al., 2000), municipal wastewater sludge (Weng et al., 2003) and 
fly ash (Liu et al. 2009) in combination with other solids such cement, lime, sand to made bricks. However, 
industrial waste normally contains a certain amount of pollutants including radionuclides. In fact, several natural 
material and those derived from industrial waste have been shown contained of high level radioactivity 
(Hamilton, 1971). Most of building material contains naturally occurring radioactive material (NORM) or 
technologically enhance naturally occurring radioactive material (TENORM). Thus, it is important to determine 
whether the bricks containing industrial waste release pollutants into the environment and/or as source of 
radiation exposure to people when being used as building materials.

Normally, the main source of external radiation in building material is attributed to gamma rays emitted from 
238U (226Ra)-series, 232Th-series and non-series 40K isotope. Knowledge of radioactivity present in building
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material is important in terms of calculation exposure of the population due to natural sources. Hence, the 
information about the present of uranium, thorium and decays product plays important rules in protection 
measurement, geoscientific research and guidelines for the use and management of these materials (Ravisankar et 
al., 2011). The natural level of radioactivity in building materials in many countries have been reported by El- 
Tahawy & Higgy (1995), Kumar et al., (1999), Hewamanna et al., (2001), Kolver et al., (2002), Xinwei, (2005) 
and Pavlidou et al, (2006). A radium equivalent of 370 Bqkg"1 in building materials will produce an exposure of 
about 1.5 mSvy-1to inhabitants (Krieger, 1981). 226Ra and 232Th for example can increase the concentration ofooo oonRn, Ra and of its daughter in the building (Kovler et al., 2002). Inhalation of radon and its progeny can leads 
to internal exposure of respiratory tract to alpha particles (Keller et al., 1987).

One of the potential release routes to the environment is through leaching of pollutants from such product into 
ground that caused by rain. Basically, leachate concentrations constitute the source term for transport and fate in 
the environment. When a building is demolished, the small chunks of concrete will be dumped to the landfill and 
leaching due to weathering results in the mobilisation of pollutants into the groundwater. Generally, leaching test 
is used to determine the availability and actual release of elements that can intrude and contaminate the ground 
water (Fallman & Hartlen, 1996). In many cases, leaching test has been used to evaluate the environmental 
impact from a wide variety of material in a wide range of different applications (Van der Sloot, 2003). Many 
batch leaching test protocols have been developed to simulate the leaching processes of waste materials in the 
landfill or other disposal scenarios to evaluate potential risks to human and/or groundwater (Townsend et al., 
2003).

In Malaysia, to process or transform the industrial waste (i.e. scheduled wastes) into a valuable product such as 
bricks, a manufacturer shall comply under Regulation 7(1), Environmental Quality (Scheduled Waste) 
Regulation 2005. In which, the product shall exhibits the characteristic of toxicity below the permissible limit. 
However, until now there was no clear legal provision regarding to the limit of radionuclides in product made 
from industrial waste. Besides, no dedicated study in Malaysia has been done to determine the leachability of 
radionuclides from bricks containing industrial waste. Therefore, this study aimed to measure the activity 
concentration of Ra, Ra, Th and °K in these bricks. Besides that, radiation hazard indexes i.e. radium 
equivalent activities (Raeq), representative level index (Iyr), external hazard index (Hex) and internal hazard index 
(Hin) in bricks were also calculated in order to compare with acceptable criteria as suggested by NEA-OECD 
(1979) and UNSCEAR (1982). This study also intended to investigate the leachability of radium in bricks 
containing from such waste. The results obtained in this study can be used in the future to guide the regulatory 
authority when developing guidelines concerning of radionuclides leaching from product containing industrial 
waste.

MATERIAL AND METHODS 

Sample Preparation

Two types of bricks containing of industrial wastes were investigated: Brick-1 (contains a mixture of bottom ash 
fly ash from coal power plant and other ingredients) and brick-2 (contains of mixture of granite waste dust from 
granite industry and other ingredients). The bricks were crushed using grinder (Retsch Model PM100) and sieved 
by USA Standard Sieve No. 18 (corresponding to 1.0 mm).

Characterisation of Bricks

The weights of the bricks were measured using Mettler Toledo balance (Model SB8001). The pHs of the 
leachates from bricks were determined using pH meter (HANNA Instrument Model pH211) by immersed in a 
distilled water for about 24 hours. The conductivities of leachates were measured using a conductivity meter 
(HACH Model senION5). The activity concentrations of radionuclides in bricks were measured using a y- 
spectrometry system.

Reagent & Extraction Fluid

All the solutions were prepared using distilled water and all other chemical reagents used were analytical grade. 
The extraction fluid for the toxicity characteristic leaching procedure (TCLP) was prepared according to EPA 
Method 1311. The appropriate extraction fluid was prepared based on the pH of eluate after brick dust was mixed 
with distilled water. If the pH < 5.0, the extraction fluid was prepared using distilled water, glacial acetic acid and
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NaOH. If the pH > 5.0, the pH was adjusted with HCl and the extraction fluid was prepared by adding distilled 
water and glacial acetic acid.

Batch Leaching Test

Batch leaching studies were conducted according to TCLP Method 1311 (USEPA, 1992). Bricks dusts were 
mixed with extraction fluid at the liquid-solid ratio (L/S) of 20 (l/kg). The liquid used was distilled water and the 
initial pH value was adjusted to about 5 by adding hydrochloric acid and heated to 50°C and hold at 50°C for 10 
minutes. Then the extraction fluid was added to the mixture and agitated for 18 hours. The mixtures were then 
filtered by vacuum filtration over 0.45 ^m membrane filter. Then the leachates were left for 10-15 min before pH 
and electrical conductivity was recorded using conductivity meter (HACH model Sension5). The activity 
concentrations of radionuclides in leachates were analysed using a y-spectrometry system.

Tank Leaching Test

Tank leaching test was conducted according to European for Standardisation (prEN 1744-3:2000). Each bricks 
were immersed in cylindrical tank (45 cm x 30 cm) that filled with leachant (distilled water) at the liquid-solid 
ratio of 3 and kept in static condition at a room temperature. The leachates (350 ml) were drawn at 1, 4, 7, 14 and 
30 days of immersion periods. Then the concentrations of radionuclides were measured using a gamma 
spectrometry system. The pH and conductivity of leachates were also measured.

Analysis of Radionuclides Content

All the leachates and bricks dust samples were packed into 350 ml plastic container, air-tight sealed and kept for 
at least 3 weeks in order to reach secular equilibrium between 222Rn and 226Ra. The samples then were counted 
for about 24 hours using a Canberra n-type high purity germanium (HPGe) y-spectrometry system(with 30% 
relative efficiency and a resolution of 1.9 keV at 1332.5 keV of 60Co).The detector efficiency calibration was 
performed using a multinuclide standard source in 350 ml plastic container (containing certified concentrations of 
241Am, 109Cd, 57Co, 123m Te, 51Cr, 113Sn, 85Sr, 137Cs, 88Y dan 60Co), which was purchased from Isotopes Product 
Laboratories (IPL, USA). The samples were counted for a period of 87, 000 seconds. A Genie-2000 analysis 
software was used to analyse the spectrum of the samples. For solid samples, the photopeaks with energy level 
1460 keV was used to determine determine the activity concentration of 40K, the photopeaks with energy level 
295 keV (19.2 %), 352 (37.1%) keV from 214Pb and 609keV (46.50 %) from 214Bi were used to obtain the activity 
concentration of 226Ra and the activity concentration of 232Th was measured using the photopeaks 238.6 keV 
(43.6%) from 212Pb, 338.4keV (12%), 911 keV (27.7%), 968.9 keV (16.6%) from 228Ac and 583 keV (30.60%) 
from 208Tl. However, a modified emission probability value of 30.60% was used to calculate the activity 
concentration of 232Th from 208Tl energy lines as suggested by Omar (2009). For liquid samples, the photopeaks 
with energy level 295 keV (19.2 %), 352 (37.1%) keV from 214Pb and 609keV (46.50 %) from 214Bi were used to 
obtain the activity concentration of Ra and 911 keV (27.7%) for Ra. The activity concentration of the 
radionuclides was measured in per unit weight or volume (i.e. Bqkg-1 and BqL-1).

Radiation Hazard Indexes

Four types of indexes were used in this study to determine the radiation hazard indexes in bricks which includes 
radium equivalent activity, representative level index, external hazard index and internal hazard index.

Radium Equivalent Activity (Raeq)

To compare the specific activity of material containing different radionuclides e.g. Ra (U), Th, and K, a common 
index is often used, which is called radium equivalent activity (Ra^) (Hamilton, 1976). The radium equivalent 
activity is a weighted sum of activities of the above three radionuclides based on the estimation that 10 Bqkg-1 of 
226Ra, 7 Bqkg-1 of, 232Th and 130 Bqkg-1 of 40K produce an equal gamma ray dose (Stranden, 1976).Therefore, 
radium equivalent activity in bricks was calculated according to Beretka and Mathew (1985):

Ra eq = CRa + 10/7CTh + 10/130 CK (1)

where CRa, CTh and CK are the specific activities of 226Ra, 232Th and 40K (in Bqkg-1), respectively.
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Representative Level Index (IYr)

The representative level index (Iyr) is used to estimate the level of gamma radiation hazard associated with the 
natural radionuclides in specific building materials. The representative level index is calculated using equation 
based on NEA-OECD formula (1979):

Iyr = CRa/150 + CTh/100 + Ck/1500 = 1 (2)

where, CRa, CTh and CK are the specific activities of 226Ra, 232Th and 40K (in Bqkg-1), respectively.

External Hazard index (Hex)

Radiation exposure due to of 226Ra, 232Th and 40K may consider as external hazard. The external hazard index 
(Hex) can be calculated using the following equation (Beretka & Mathew, 1985):

Hex = CRa /370 + CTh/259 + CK/4810 < 1 (3)

where, CRa, CTh and CK are the specific activities of 226Ra, 232Th and 40K (in Bqkg-1), respectively.

Internal Hazard Index (Hin)

The internal hazard index (Hin) is internal exposure due to radon and its daughter products (Ravisankar et al., 
2011). It is calculated as follows (Beretka & Mathew, 1985):

Hm = CRa /185 + CTh/259 + Ck/481 0 < 1 (4)

where, CRa, CTh and CK are the specific activities of 226Ra, 232Th and 40K (in Bqkg-1), respectively.

RESULTS & DISCUSSION 

Brick Characteristics

The principal characteristics of bricks tested in this study are shown in Table 1. Obviously, brick-2 was heavier 
than brick-1 because it was originated from granite waste. Both bricks have the same dimension. This means that 
the same surface area exposed to the leachant during tank leaching test.

Activity concentration of radionuclides

The activity concentration values of 226Ra, 228Ra, 232Th and 40K of bricks are shown in Table 1 and Table 2
/y )̂£Z 005? o ^ O  At\wrespectively. In contrast, the activity concentration of 226Ra, 228Ra, 232Th and 40K in brick-2 were higher than 

brick-1. Brick-2 has high activity concentration of radionuclides because granite is a naturally occurring00£\ 005?radioactive material (NORM). Nevertheless, the activity concentration of 226Ra and 228Ra in Brick-2 were still 
within the range of radium concentration in peninsular granites i.e. 120 -  490 Bqkg-1 and 120 - 430 Bqkg-1, 
respectively (Omar & Hassan, 1999). The activity concentration of 226Ra, 232Th and 40K in brick-1 and brick-2 
exceeded the corresponding typical world values. The corresponding typical world values in building materials 
are 50, 50 and 500 Bqkg-1 for 226Ra, 232Th and 40K, respectively. In table 2, the activity concentrations of the 
three radionuclides (226Ra, 232Th and 40K) for bricks reported in several countries are given for comparison. As 
seen in this table, the activity concentration of 226Ra in brick-1 is comparable with red-clay brick from China, 
while 226Ra activity concentration in brick-2 is comparable with Malaysia clay brick as reported by Omar (2000). 
For 232Th activity concentration in brick-1 is can be compared with clay brick from Sri Langka and red-clay brick 
from China. Unlike brick-2, the activity concentration of 232Th is higher than all bricks from other countries. The 
value for 40K (254.19 Bqkg-1) for brick-1 can be compared only with clay brick from India, but for brick-2 the 
value of 40K (1348.75 Bqkg-1) is higher than all countries as listed in table 2.
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Radiation Hazard Indexes

The calculated values of Raeq for brick-1 and brick-2 are shown in the fifth columns of the Table 2. The value of 
Raeq for brick-1 was found to be lower than the criterion limit of 370 Bqkg-1 suggested for building material 
which is equivalent to annual radiation exposure of 1.5 mSv (UNSCEAR, 1982), whereas the Raeq for brick-2 
was above the criterion limit. This indicates that brick-1 does not pose a significant radiological hazard when 
used for construction building compared to brick-2. The results may be important from the point of view of 
selecting suitable brick for the use of building construction. Comparison of Raeq in bricks in other countries is 
shown in Table 2. As seen in this table, Raeq for brick-1(181 Bqkg-1) lie between Raeq of China Red-Clay Brick 
(178 Bqkg-1) and Sri Langka clay brick (183 Bqkg-1). However, Raeq for brick-2 (532.28 Bqkg-1) is higher than all 
countries in the table. Table 3 shows the representative level index (Iyr), external hazard index (Hex) and internal 
hazard index (Hin). The value of representative level index (Iyr)  should be less than 1 as suggested by NEA- 
OECD (1979). For brick-1 and brick-2, both Iyr values were exceeded 1.0 level. For safe of buildings materials 
the external hazard index should be less than 1. It is observed in table 3 that the value of Hex for brick-1 was less 
than 1 but the value was above 1 for brick-2. Based on this the result, brick-1 examined in this study could be 
used in building construction without exceeding the proposed radioactivity criterion level. The internal exposure 
to radon and its daughter are also hazardous to respiratory organ (Alharbi et al., 2011). For the safe use of 
materials in the construction building of dwellings, Hin should be less than 1 (Kriger, 1981). As shown in table 3, 
the internal hazard index (Hin) for brick-1 is 0.65 which is less than one, thus indicates that internal hazard are 
less than critical value. The Hin value of brick-2 was slightly above the critical value.

Radionuclides Leachability

The result for batch leaching test is summarized in Table 4. Generally, in Malaysia liquid waste generated from 
NORM/TENORM processing industry can be discharged to the environment if the radioactivity for liquid below 
the discharge limit, for example 1 BqL-1 (FNCA,2007). Thus, the activity concentration of 226Ra in leachates for 
both bricks were slightly exceeds 1 Bql-1. The leachates from brick-1 showed higher activity concentration of 
226Ra than leachates from brick-2. Under TCLP 1311 the leaching test was under acidic condition (pH 
<5.0).Therefore, brick-1 which contains a mixture of bottom ash and fly ash from coal power plant showed a 
greater tendency to leach out in acidic condition compared to brick-2. This clearly shows that soluble materials 
were dissolved during leaching test. As seen also in table 4, the electrical conductivity of elutes for brick-1 was 
slightly higher than brick-2, which indicates a high dissolved ions in the leachates. The result of tank leaching 
test is presented in Table 5. Obviously, the result of tank leaching test was completely different from batch 
leaching test. The result showed that after 30 days of leaching tests the activity concentration of 226Ra in leachates 
from brick-2 was higher than leachates from brick-1. This might due to pH, in which for TCLP extract procedure 
requires the samples to be prepared at about pH 5 whereas in tank leaching test procedure requires samples to be 
prepared with distilled water. Hence, these results indicate that pH is an important parameter affecting the 
leaching rate of elements. Likewise, it seems that brick-1 has a faster leaching rate and the time required for 
radionuclides to reach solubility equilibrium might be shorter than brick-2. Fig. 2 and 3 shows the measured pH 
and electrical conductivity in leachates for 30 days of tank leaching tests. The pHs for leachates for both bricks 
were in alkaline conditions which might indicate the mobility of elements in bricks during leaching studies. As 
seen in fig.3, the pH and electrical conductivity in leachates for both bricks increased from day 1 to day 30. 
However, the electrical conductivity in leachates for brick-1 was higher than brick-2. This might be due to highly 
dissolved ions occurred in brick-1 compared to brick-2.

CONCLUSIONS

This study suggested that brick contain waste from coal burning power stations may be safely used as 
construction material compared to brick that contains a granite waste. The results from both batch and tank 
leaching test indicated that radium may be leached from bricks when gets into contact with water. The 
leachability of radionuclides in brick seems to be influenced by pH. From the standpoint of health risk and 
environmental impact, it is crucial to evaluate the radiation hazard and leaching of radionuclides from brick made 
of industrial waste.

REFERENCES



Seminar R&D Nuclear Malaysia 2012 (RnD12), Dewan Tun Dr. Ismail, Agensi Nuklear Malaysia, 26-28 September 2012

Alharbi, W. R., AlZahrani, J.H. and Abbady, A.G.E., (2011). Assessment of radiation hazard indices from granite 
rocks of the Southeastern Arabian Shield, Kingdom of Saudi Arabia. Australian Journal o f  Basic and Applied 
Sciences, 5(6): 672-682.

Beretka, J. and Mattew, P.J., (1985), Natural radioactivity of Australian building materials, industrial wastes and 
by-products, Health Physics, 48:87-95.

El-Tahawy, M.S. and Higgy, R.H. (1995). Natural radioactivity in different types of bricks and used in the Cairo 
region. Applied Radiation and Isotopes, 46(12):1401-1406.

Hamilton, E.I, (1971), The relative radioactivity of building materials, American Industrial Hygiene Association 
Journal, 32:398.

Fallmen, A.M. and Hartlen, J., (1996). Utilisation of electric arc furnace slag in road conctruction. In M.Kamon 
(editor), Environmental Geotechnics, Balkema, Rotterdam, 703-708 pp.

FNCA. 2007. Updated Consolidated Report on Radioactive Waste Management in FNCA Countries. Tokyo: 
Forum for Nuclear Cooperation in Asia.

Hewamanna, R. Sumithrarachchi,C.S., Mahawatte, P. Nanayakkara, H.L.C., and Ratnayake, H.C., (2001), 
Natural radioactivity and gamma dose from Sri Lankan clay bricks used in building construction. Applied 
Radiation and Isotopes 54:365-369.

Kalbe, U, Berger, W. Eckardt and J. Simon, F.G.Evaluation of leaching procedures for soil and waste, Waste 
Management, 28: 1027-1038.

Keller,G, Folkers, K.H.,Muth, H., (1987), Discussing possible standards of natural radioactivity in building 
materials. Radiation and Environmental Biophysics,26:143-150.

Kolver, K., haquin, G., manasherov, V., Ne’eman, E. and Lavi, N. (2002), Natural radionuclides in buiding 
materials available in Israel.Building and Environment, 37:531-537.

Kumar, V., Ramachandran, T.V. and Prasad, R. (1999).Natural radioactivity of Indian buiding materials and by- 
productsApplied Radiation and Isotopes, 51:93-96.

Liu, H, Baneiji, S.K. Burkett, W.J. andVanEngelenhoven, J., (2009), Environmental of fly ash bricks, In: 
Proceedings of World of Coal Ash (WOCA) Conference. 4-7 May 2009, Lexington, USA.

Malhotra, S.K. andTehri, S.P., (1996), Development of bricks from granulated blast furnace slag, Construction 
and Building Materials. 10(3): 191-193.

Malviya, R. and Chaudhary, R., (2006), Leaching behavior and immobilization of heavy metals in 
solidified/stabilized products, Journal of Hazardous, B137:207-217.

NEA-OECD, (1979), Nuclear Energy Agency. Exposure to radiation from natural radioactivity in building 
materials. Report by NEA Group Experts, OECD, Paris, France.

Pavlidou, S., Korones, A., Papastefanpu, C., Christofides, Stoulos, Vavelides, M., (2006), Natural radioactivity of 
granites used as building materials. Journal of Environmetal Radioactivity of granites used as building materials. 
Journal of Environmental Radioactivity, 89:48-60.

Omar, M. and Hassan, W.F.W., (1999), Naturally occurring radionuclides in Malaysian Granites,
JurnalSainsNuklear Malaysia. 17(2) 73-77.

Omar, M. (2009) y-ray interference and emission probability selection in the determination of natural 
radionuclide concentration using y-spectrometry, Journal o f  Nuclear and Related Technologies, 6(2): 78-88.



Seminar R&D Nuclear Malaysia 2012 (RnD12), Dewan Tun Dr. Ismail, Agensi Nuklear Malaysia, 26-28 September 2012

Ravisankar, R. Vanasundari, K., Chandrasekaran, A. Suganya, Eswaran, P. Vijayagopal, P. and 
MeenakshiSundram, V. (2011). Measurement of natural radioactivity in brick samples of Namakkal, Tamilnadu, 
India using gamma-ray spectrometry, Archives o f  Physics Research, 2(2):95-99.

UNSCEAR, (1982), Ionizaing radiation: sources and biological effects. United Nations Scientific Committee on 
Effects of Atomic Radiation. Report to the General Assembly, with Annexes. United Nations, New York.

U.S.EPA (1992), Method 1311- Toxicity characteristic leaching procedure (Method 1311), Test Methods for 
evaluating solid waste, physical/chemical method (SW-846),
http://www.epa.gov/osw/hazard/testmethods/sw846/pdfs/1311.pdf , 30 September 2011.
Stranden, E., (1976). Some aspects of radioactivity of building material. Physica Norvegica, 8:167-173.

Sainika, N.J., Sengupta, P., Dutta, D.K., Sainika, P.C. and Borthakur, P.C., (2000), Oil field sludge to make 
brick, Am. Ceram. Soc. Bull. 79(7).

Towsend, T., Jang, Y. C. and Tolaymat, T, (2003), A Guide to the Use of Leaching Tests in Solid Waste 
Management Decision Making. Report #03-01(A), University of Florida 
http://www.floridacenter.org/publications/0301(A) , 9 August, 2011.

Van der Sloot, H. A. Horizontal standardization and harmonization of leaching test methods for waste, secondary 
raw materials and (contaminated) soil. In Proceedings of the 5th International Conference on the Science and 
Engineering of Recycling for Environmental Protection, Donostia - San Sebastián, Basque Country, Spain, 4-6 
June 2003.

Weng, C.H., Lin, D.F. and Chiang, P.C., (2003), Utilization of sludge as brick materials, Advances in 
Environmental Research, 7:679-685.

Xinwei, L. (2005), Natural radioactivity in some building materials of Xi’an, China. Radiation Measurement, 
40:94-97.

Yasir, M.S., Majid, A.A. and Yahya, R. (2004). The level of natural radionuclides in building materials in 
Malaysia and its radiation hazard. Journal o f  Nuclear and Related Technologies, 1(2):12-18.

http://www.epa.gov/osw/hazard/testmethods/sw846/pdfs/1311.pdf
http://www.floridacenter.org/publications/0301(A)


Seminar R&D Nuclear Malaysia 2012 (RnD12), Dewan Tun Dr. Ismail, Agensi Nuklear Malaysia, 26-28 September 2012

Table 1: Principal characteristics of tested bricks

Parameter Brick-1 Brick-2

Weight (kg) 17.65 27.38
Dimension (cm x cm x cm) 21.5 x 9.9 x 6.4 21.5 x 9.9 x 6.4

Radionuclides Content (Bqkg-1 dry weight)

226Ra
228Ra

64.25 ± 1.0 
63.15 ± 2.01

193.0 ± 2.37 
164.48 ± 3.58

Table 2 Activity concentration (Bqkg-1), radium equivalent activity (Bqkg-1) in bricks and the comparison
with similar studies in other countries

Brick Type/Country Activity Concentration (Bqkg-1) Radium
Equivalent

(Bqkg-1)

Reference

226Ra 232Th 40k

Brick-1
Brick-2
(Malaysia)

64.25
193

67.90 254.19 
164.63 1348.75

181.0
532.28

Present Study

Clay Brick 
Cement Brick 
(Malaysia)

118
44

120
40

290
101

Omar (2000)

Clay Brick 
Cement Brick 
(Malaysia)

32.3
42.2

30.9
28.8

487.7
614.2

114
130.7

Yasir et al. 
(2007)

Clay Brick 
(Egypt)

258 24.1 24.0 258 El-Tahawy & 
Higgy (1995)

Clay Brick 
(Sri Langka)

35 72 585 183 Hewamanna 
et al. (2001)

Cement Brick 
Red-Clay Brick 
(China)

46.2
58.6

28.2
50.4

137.8
713.9

98.6
178.3

Xinwei
(2005)

Clay Brick 
(India)

18.3 19.4 238.4 45.94 Ravisankar et 
al. (2011)

Table 3 The representative level index (IYr), external hazard index (Hex) and internal hazard index (Hin) in
bricks samples

Sample Representative Level Index External Hazard index (Hex) Internal Hazard Index (Hin)
(Iyr)

Brick-1 1.28 0.48 0.65
Brick-2 3.83 1.44 1.96
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Table 4 Radionuclides concentration (BqL-1), pH and conductivity during batch leaching test

Type Radionuclides
(BqL-1)

pH of 
leachates

Conductivity
(^scm-1)

226Ra 228Ra After adding After adding
distilled water extraction fluid

Brick-1 2.19 ± 0.69 0.60 ±0.32 9.14 4.86 5.60
Brick-2 1.46 ± 0.45 0.13 ±1.36 10.90 4.54 5.04

Table 5 Radionuclides concentration (BqL-1) from tank leaching test

Day Radionuclides (BqL-1)

226Ra
Brick-1

228Ra 226Ra
Brick-2

228Ra

1 1.88 ± 0.49 3.0 ± 1.44 1.76 ± 0.48 0.69 ± 1.30
4 1.96 ± 0.47 1.13 ± 1.32 1.94 ± 0.47 0.41±1.45
7 1.54 ± 0.44 1.46 ± 1.27 2.43 ± 0.50 3.07 ± 1.33
14 1.69 ± 0.47 1.63 ± 1.36 2.14 ± 0.45 1.07 ± 1.37
30 2.06 ± 0.46 1.38 ± 1.26 2.82 ± 0.67 1.33±1.42

MDA -  Minimum Detectable Activity

■  1

Fig. 1 Brick samples made from industrial waste analysed in this study
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pH

Time (day)

Figure 2 pH of leachates from brick-1 and brick-2 during tank leaching test

Day

Figure 3 Electrical conductivity measured for 30 days in the leachates from tank leaching test


