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ABSTRACT

Natural radioactivity in the brick samples in mainly due to “*Ra, %? Th and “°K and their
daughter products. In this study, these measurements have been estimated in gamma-ray
spectrometry and their levels for seven different concentrations (10%-50%) of samples are
compared and also the radium equivalent concentration (Rae;) are calculated and compared
well with the reported val ues.
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INTRODUCTION

An established fact that all the construction materontains trace amount of natural radio
activity. This activity in a major source of extatnand internal radiation exposure to the
occupants of the dwelling. The most commonly emergd radio nuclides in the construction
materials aré*®U, **Th their decay products arltk. Radon isotopes are amongst the members
of radioactive series of Uranium and Thorium. Théeinal exposure due to radon and its
radioactive daughters, present in the environmieslt in the largest contribution to the average
effective does received by human being [1]. Theeefd is important to measure the radon
levels in the built-up areas to assess the radimdbgonsequences. Even more important is the
knowledge of the amount of natural activity presenthe materials which are used in the
construction of dwellings. The amount of activitggent in building materials will decide its use
in the construction of dwellings.

MATERIALSAND METHODS

Experimental details
The concentration of the natural radioactivitf’Ra?**Th and**K) in the brick samples, were
measured using the gamma ray spectrometer in therétory of Health and Safety Division,
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IGCAR, Kalpakkam, Tamilnadu NAI(TI) crystal detectaf size 3"x3” combined with 8K multi
channel analyzer. The technique used for measuteimea directy counting method. The
counting time fixed for each sample was 20,000 sgsoThe activity of standard sources used
were KCL (329 grams ), R-226(0,08) and Ra 28 (6000pci) with the counting time 6{GDO
seconds, the minimum detectable activity limitsev&8.25 Bg/Kg for K-40, 8.5 Bg/Kg f6f°Ra
and 1Bqg/Kg for Th-232. In-site dose rate measurémas done by using digital environmental
radiation dosimeter (ERDM Type 107, nucleonix).

Sample Preparation

Samples S S S S Sy S S
Ceramic powder (masse) - 100% 90% 80% 70% 60% 50%
0,
Marine sudge 100% | 0% 10% 20% 30% 400% | 0%

The marine sludge was collected from Cuddalor&diar region and ceramic powder (masse)
were collected (Government ceramic institute) Virachalam. The seven samples-£ have
been prepared in different proportions as giveoweh the table.

Flow chart of marine sludge treatment process

Marme sludgs scirdro Steving with 400 nm-steve
. Aidrdrvimg
with shells and salt ST=

¥
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Crushing by ball milling (for size

Mearme sludge powder -
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a— Drvmgmoven zt 120 °C for 16 hr
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Processing flow sheet for ceramic powder (masse) contains marine sludge additives

Water
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Charzactarization
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The brick samples were powdered to obtain evemgiae. The dry samples were transferred to
uniform (250ml) containers. Weighted, sealed angk ker 4 weeks so that a secular progeny
equilibrium betweerf®Ra and?**Th and their Id be reached (The sealed countings wiere
stored for 30 days to allo’?® Ra and its short lived decay products to reachoaative
equilibrium).

RESULTSAND DISCUSSION

Activities due to the presence BfRa,?** Th and*K radio nuclides have been determined in all
the collected samples. The minimum, maximum andnaeivity values of?Ra,**? Th and

%K found in these samples are listed in table 1m&y be seen in this table the measured values
of activity in the samples due f°Th vary from 25.35 Bgkd to 62.02 Bgkd, **Ra activities
vary from 9.89 Bgkd to 23.48 Bgkd and variation irf°K activities ranges from 342.48 Bdkg

to 405.24 Bgkd.

Table 1. The minimum, maximum and aver age values of the activities due to “°Ra, “*Th and “k in bricks
used for the construction of dwelling in cuddalore marine areas

Range %2Th concentration (Bakg?) | ®Th concentration (Bgkg™) | “°Th concentration (Bgkg™)
Minimum 25.35 9.89 342.48
maximum 62.02 23.48 405.25

mean 46.78 19.57 349.87

To assess the radiological hazard of the buildiagenmals used, it is useful to calculate an index
called the radium equivalent activity, Kadefined according to the estimation that 1 Bogkg
??Ra, 0.7Bg/kg of*U and 13Bq/kg of K produce the samgray dose [2]. This index Rais

given as:

RaCrat1.43G+0.077G

1)

Where G, Cr and G are the activity concentration in Bgkg 6tRa, #*Th and “K,
respectively. The calculated values of the radiwmivalent Ray for the studied building
materials are given in table 2.

Table 2 The minimum, maximum and aver age values of the activities due to Radium equivalent activity
(Bgkg™), Annual doserate (mSv) and Iyr in bricks used for the construction of dwellingin cuddalore marine

areas.

Range Radium equivalent activity (Bgkg”) | Annual doserate (mSv) Iyr
Minimum 84.88 0.11 0.630
maximum 136.509 0.183 0.9908

Mean 113.54 0.1529 0.8354
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Another radiation hazard index, the representdével index, {r, used to estimate the levels of
y-radiation hazard associated with the natural radtbdes in specific building materials, is
defined as [3].

yrl= (Crd150) + (G/100) + (G/1500)  ------- )

Where G, Crn and G are the activity concentrations in Bg/kg ©fRa, #Th and “K
respectively. The values ofrifor the studied samples are given in table & dear that all the
Studied building materials do not exceed the upipeit for the representative level which is
unity, except the brick samples which have valdfek®and 1.5.

Gamma index

A number of indexes dealing with the assessmerth@fexcess gamma radiation originating
from building materials (frequently called “gamnmadéxes” or “external indexes”) have been
proposed [4-8]. In this study, the gamma-index walsulated as proposed by the commission
suggests that building materials should be exampdedch all restrictions concerning their
radioactivity if the excess gamma radiation origiimgfrom then increasing the effective dose of
a member of the public by 0.3 mSv at the most. l@@cbntrary, doses higher than 1 mSv should
be accepted only in some very exceptional casesawhaterials are used locally.

Gamma-index values suggested by the European Commission (1999) taking in to account typical way and
amountsin which the material isused in a building

Dose criterion 0.3mSvy 1mSvy-1

Materials used in bulk amount, eg. Bricks v<0.5 <1

o

Superficial and other materials with restricte

use: tiles, bricks and boards, etc., ly=2 hy=6

The gamma index ) proposed by the European commission [9] is catedl using following
formula:

CRa CTh CK
I= + t— ————- (3)
300Bgke—1 200Bgkeg-1 3000Bgke—1 -

Where G, Crn and G are the?”®Ra?**Th and** activity concentration (Bgky), respectively
in the building material the index shall not excéleel values in above table 2, depending on the
dose criterion and the way and amount the materizgged in a building.

Activity concentration and radium equivalent adtes for different brick samples are compared
with results obtained by various authors in table 3

It is possible to observe, activity concentratioasults lower than those reported by various
authors.
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Table 3. Comparism of activity concentration and radium equivalent activitiesin brick samplesin different

areasof theworld.

Brick type of Number 226 232 40
Country origin of Ra Th K Ragq Reference
samples
Italy (n,m) 11049 97+8 380430 0.90 10
Hungary (n,m) 50 50 670 - 11
Egypt Clay brick (n,m) 33.4+1.0 27.7+0]8  284+13. .689 12
Cement Brick (n,m) 10.6 3.1 54.1 0.134 12
Sand brick (n,m) 9.0 4.3 107 0.7 12
U.K Clay (n,m) 65 48 620 181 13
White (5) 4 5 12 121 3
Crushed Granite (n.m) 40 39 800 157 13
Norway Clay (6) 104 62 1058 216 5
Sweden - (n,m) 96 127 962 352 3
Germany Traditional (109) 59.0 67.0 673 207 3
Red mud (23) 281 233 337 640 3
Finland Clay (33) 78 62 962 241 3
White (3) 22 23 77 99.3 3
China Clay (n,m) 4.0 52.0 717 174 14
Sand lime (n,m) 32.0 32.0 634 127 14
Coal spoil (n,m) 53.0 59.0 641 187 14
Australia Clay (25) 40.7 88.8 681 220 15
Mud (4) 22.2 814 448 173 15
Red-mud-Clay (1) 104 500 196 834 15
Netherland Clay (14) 39 41 560 141 16
Porous (6) 72 73 1030 256 16
Pakistan (n,m) 43.2 53.7 631 169 17
Bangladesh Soil (5) 101 119 315 295 18
Red (5) 109 58.1 234 210 18
Concrete (5) 166 171 295 433 18
U.S.A Atlanta (24) 66.6 70.3 629 216 15
Brozil (n,m) 51.7 65.3 747 203 2
Srilanka Brick (n,m) 35 72 585 183 19
India Clay (1) 48 52 381 152 20
India Sludge brick 18.20 46.78 369.27 113.54 Rriesteidy
CONCLUSION

To conclude, radium equivalent activities calcudateom measured values &Ra, ?*Th and
0K activities in all the brick samples are lowerrittae upper recommended limit of 370Bttkg
The calculated internal and external hazard indaresless than unity. Therefore, according to
the critter on laid down by OECD countries, thechkriof studied is acceptable for use as
construction materials.
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