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ABSTRACT

The activity concentrations of the natural radionuclides, namely ?°Ra, %?Th and “°K are measured for eleven brick
samples collected from some locations of Irag. An HPGe detector, based on high- resolution gamma spectrometry
system is used for the measurement of activity concentrations. The average activity concentration values of “*Ra,
22Th and “K from the studied are 26.34 Ba/kg , 26.97 Bg/kg and 530.24 Bg/kg respectively. In order to evaluate the
radiological hazard of the natural radioactivity , the radium equivalent activity , absorbed dose rate, annual
effective dose rate, internal and external hazard indices, gamma index, alpha index, excess lifetime cancer risk and
annual gonadal dose equivalent have been calculated.
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INTRODUCTION

An established fact that all the construction mateontains trace amount of the natural radiod@gtiM his activity
in a major source of external and internal radiagxposure to the occupant of the dwelling. Thestnacommonly
emountered radionuclide's in the construction nmdtare?**,**Th their decay products arfk.Radon isotopes
are amongst the members of radioactive seriesrahium and Thorium . The internal exposure duatton and it's
radioactive daughters ,present in the environmengallt in the largest contribution to the averaffective dose
received by human beings [1].All building materiaglsch as concrete ,brick, sand, aggregate , maghbémite,
limestone , gypsum , etc., contain mainly natusalionuclide including®®U,?**Th their decay products arfk
[2,3].Bricks are used as one of the main buildirgterials, so the knowledge of the basic radioligiarameters
and radioactive contents in the bricks and othessstruction materials is important since it allowgsto calculate
the exposure of the population of the radiatimmfmatural source [4].The aim of this investigatisrio estimated
the radiological effect to the human being whichutefrom some type of bricks used in Iraq by deige the
activity concentration of the?®Ra?**Th and*K radionuclide's ,and some of the radiologicaiapeeters as the
radium equivalent activity, gamma absorbed dose,etternal and internal hazard indices ,and qitheameters.

MATERIALSAND METHODS

2.1 Sampling and Sample preparation :

Eleven type of brick samples are collected frorffedént districts of Iraq,(Baghdad factory)(S1){Paji

district)(S2),(Diayla province) (S3), (Erbil factg(S4),(Kirkuk province)(S5),( Dhululya district 36), (Yellow
Iranian 1)(S7),(Suylamina province)(S8),( Yellowanian 2) (S9),(Karbala province)(S10) and ( Redi#a)(S11).
The samples dried by placing it in oven of id@bout 24 h, then crushed to pass through 2 mue sie be
homogenized in size. The homogenized brick sampla® sealed in plastic containers and left foreatst one
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month, before gamma spectrometric analysis, tanasiecular equilibrium between radon and its dgmaglucts[3] .

2.2 Radioactivity measurement :

The concentration of the natural radioactivit§Ra, 2**Th and*K) in the brick samples were determined using a
high-resolution high purity germanium (HPGe) -spestopy system with 40% counting efficiency, ansbfetion
(1.75 keV) , normally based on the measurement3g2LMeV gamma ray photo peak of Co-60 source somled
with liquid nitrogen. A Multichannel analyzer (MCA) with 4096 channel wased. A detector shield had a cavity
adequate to accommodate large samples. The Sladld kead walls with 10 cm thickness lined insidén\graded
absorber of Cd ~ 1.6 mm Cu ~ 0.4 mm. Calibratiod afficiency of the system were carried out usingjtim-
gamma ray standard source (MGS- 5, Canberra) ofnidiéirbeaker geometry. A library of radionuclideigich
contained the energy of the characteristic gammiaséoms of each nuclide was analyzed and theiresponding
emission probabilities were built from the dataiga in the software.

In order to determine the background distributiare do naturally occurring radionuclide's in the iemvment
around the detector, an empty Marinelli beaker @ioer was counted in the same manner as the sanftes
measurement and subtraction of the backgroundydtidty concentrations were calculated.

The activity concentrations for the natural radiclide's in the samples were computed using thevatig relation
[5,6].

A=(CPS)net/I xExM Q)

where A is the activity concentration in Bg/kg, ¢¢met is the (count per second) and equal {(cp®)$&a- (cps)
background}, I is the intensity of theline in a radionuclideg is the measured efficiency for eagfiine observed
and M is the mass of the sample in gram.

Estimation of “°Ra and #*Th and “K :
?2Ra concentration was determined frompeak of 1765keV fror™Bi, 22Th concentration was determined from
y-peak of 911keV frori®®Ac and*°K concentration was measured from 1460 keVine.

RESULTSAND DISCUSSION

3.1 Activity concentrationsof “°Ra, ?Th and “K :

The activity concentration of*Ra, ?*Th and “) measured in brick samples are shown in tableslséen from
table 1, the activity concentration 6f°Ra ranged from 15.02Bq/kg (S4) to 41.29 Bg/kg (B, an average value
of 26.34Bq/kg, while the activity concentration 6fTh ranged from 15.63Bq/kg (S4) to 37.62Bq/kg (Sdith an
average value of 26.97Bg/kg and finally the atfiioncentration of°K ranged from 293.03Bq/kg (S2) to
786.71Bq/kg (S11) ,with an average value of 53BdZKg. The activity concentration 0¥°Ra, **Th and *XK are
illustrated in figs.(1) and (2).
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Fig.1: Theactivity concentration of ?Ra and *?Th in brick samplesin different locationsof Iraq
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Fig. 2 : Theactivity concentration of “K in brick samplesin different locations of IRAQ

Table(1) : Theactivity concentration of “*Ra, **Thand “K in Brick samplesin different locationsof Irag

Samples weight Activity concentration
Samples codes (@m) (Bg/kg)
22€Ra 234Th ACK

S1 350 21.14 23.28 366.01
S2 300 21.95 26.14 293.03
S3 315 22.72 23.66 455.65
S4 375 15.02 15.63 578.97
S5 280 41.29 35.13 678.71
S6 320 25.94 17.41 604.74
S7 170 33.21 34.61 620.50
S8 275 38.46 36.56 597.17
S9 145 24.28 26.78 446.97
S10 150 22.53 19.94 404.25
S11 205 23.20 37.62 786.71

Average: 26.34t 26.9% 530.24

S.D. 7.96 7.90 148.31

3.2 Radiological parameters:

3.2.1 Radium equivalent activities(Raeg)

To represent the activity concentrations?SRa, >*Th and*’K by a single quantity, which takes into accours th
radiation hazards associated with them, a commdiolomical index has been introduced. The indexatied
radium equivalent activity (Rg which is used to ensure the uniformity in thetritisition of natural radionuclides
?°Ra,***Th and*K and is given by the expression [7]:

Rayq(Ba/kg)= Ara+ 1.43A, + 0.077A 2)
Where A A, and A are the specific activities concentration$8Ra?**Th and*K in (Bg/kg) respectively.

As we seen from table(2), the calculated valugRd,,) varied from 81.89 Ba/kg (S2) to 143.78 Ba/kgh) Bith
an average value of 105.74 Bg/kg . These valuedess than 370 Bg/kg, which are acceptabledfiar sse [8].

3.2.2 External hazard index (He,)
To limit the external gamma-radiation dose fromlding materials, an extensively used hazard intlex,external
hazard indexH,) was calculated from the equation [9].

Hex =ARd370 +Ar/259+A/4810 <1 3

The calculated values of fhare ranged from 0.221 (S2) to 0.388 (S5) with\arage of 0.285 as in table 2, where
all values of H, are less than the critical values of unity [8].

3.2.3 Internal hazard index (Hi,)
Radon and its short-lived products are also hazertm the respiratory organs. So internal expoturadon and its
short-lived products is quantified by internal hakedex and is expressed mathematically [10].
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Hin = AR{185 +Ar/259+A/4810 <1 (4)

The calculated values of j}Hare ranged from 0.261 (S4) to 0.499 (S5), witlaeerage of 0.356 as in table 2,which
is less than the critical values of unity [8].

3.2.4 Gamma Index (1)
The gamma index () for soil samples was calculated by using the foitmiequation [11].

Iy = Ard150 +Ar,/100+A/1500 <1 (5)

I, varies from 0.603 (S2) to 1.079 (S5) with an ageraf 0.798 . The types of bricks which theJalues was
higher than the critical values of unity are (35a®d S11), as listed in table 2.

3.25 Alphaindex (1)

Also several indexes dealing with the assessmethieoéxcess alpha radiation due to the radon itibalariginating
from building materials(brick) "called alpha indexer internal-indexes" have been developed [5}thin present
work ,alpha indexes were determined through tHeviahg formula [12] :

la= Ar/200Bq/kg < 1 (6)

la varies from 0.075 (S4) to 0.206 (S5) with an ageraf 0.131 ,( table 2), which is less than tligcat values of
unity [8].

The values of B, Hi, Iy and brare shown in fig.3.

3.2.6 Absorbed Gamma Dose Rate (D)

Outdoor air gamma absorbed dose rate (D) in (nGgtl® to terrestrial gamma rays at (1m) above toergl
surface which can be computed from specific adigitte, Am, and A of 2%, ?Th and“*K in (Bg/kg)
respectively using the following relation [13 ] :

D (NGy/h) = 0.462A, + 0.604Ay, + 0.0417A @)

The absorbed dose in the brick samples ranges3&id nGy/h (S2) to 68.59 nGy/h (S5) with an ageraf 50.75
nGy/h ,as presented in table 3.

Table (2): Radium equivalent activity, external and internal hazard Indices, gamma index and alpha index for brick samplesin different
locationsof Iraq

Samples code$  Raeq Hex Hin ly lo
(Ba/kg)
S1 82.61 0.223 | 0.280 | 0.617 | 0.105
S2 81.89 | 0221 | 0.280 | 0.603 | 0.109
S3 91.63 0.247 | 0.308 | 0.691 | 0.113
sS4 81.95 | 0221 | 0.261 | 0.642 | 0.075
S5 143.78 | 0.388 | 0.499 | 1.079 | 0.206
S6 97.40 0.263 | 0.333 | 0.750 | 0.129
S7 13048 | 0.352 | 0.442 | 0981 | 0.166
S8 136.72 | 0.369 | 0.473 | 1.020 | 0.192
S9 96.99 | 0261 | 0.327 | 0.727 | 0.121
S10 82.17 0221 | 0.282 | 0.619 | 0.112
S11 13757 | 0371 | 0434 | 1055 | 0.116
Average: 105.74 | 0.285 | 0.356: | 0.798 | 0.131
S.D #25.69 | +0.069| 0.087 | 0.193 | +0.039
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Fig. 3: Showsexternal and internal hazard Indices, gamma index in brick samplesin different locationsof Iraq .

3.2.7 Annual Effective Dose Equivalent (AEDE)

The estimated annual effective dose equivaleniveddy a member was calculated by using a conweifsictor of
(0.7 Sv/IGy), which was used to convert the absorbed t@ateuman effective dose equivalent with an outdoor
occupancy of 2@ and 8@ for indoors [14]:

(AEDE)ou (USVIY)= D, (nGy/h)x10°x8760h/yx0.20%0.7Sv/IGy (8)
(AEDE) i (USV/Y)= Dy, (nGy/h)x10°x8760 h/yx0.80x0.7Sv/IGy (9)

(AEDE),; varies from 46.7@Svly (S2) to 84.12Sv/y(S5) ,with an average of 62| (&V/y , the present results are
given in table 3 the values of (AEDQEWere lower than the value of the outdoor annualcéi’e dose equivalent
global limit which is equal to46(5v/y [8].

(AEDE);, varies from 187.14Sv/y(S2) to 324.91Sv/y (S11) with an average value of 24§30/y, as mentioned
in table 3, which is lower than the value of thddor annual effective dose equivalent global liwtiich is equal

to46QuSvly [8].

3.2.8 Excess Lifetime Cancer Risk (ELCR)

This gives the probability of developing cancer roadifetime at a given exposure level, It is prided as a value
representing the number of extra cancers expeatedgiven number of people on exposure to a cageinat a
given dose, and we can calculate (ELCR) by eq. {fL6dnsidering 70 years as the average duratiolifeffor
human being.[15].

ELCR = AEDE xDLxRF (10)

Where AEDE is the Annual Effective Dose Equivalddt is the average Duration of Life (estimatedb® 70

years) and RF is the risk factor (§y fatal cancer risk per Sievert. For low dose lgmokind radiations which are

considered to produce stochastic effects, ICRP88 walues of 0.05 for the public exposure [1BjsValue-free
units because it represents the probability of eamcidence through this we can deduce the equatiove.

From table 3, the ( ELCR) values varied from 12340° (S2) to 240.08x10 (S5) ,with an average of 177.01%x10
® for all samples is less than the world average9ox10° [15].

3.2.9 Annual Gonadal Dose Equivalent (AGDE)
The annual gonadal dose equivalent (AGDE) in mSeug to the activity concentrations BfRa, 2*Th, and*°K
was calculated using the following formula [16] :

AGDE( mSV/ y) =(3.09Ara + 4.19A, + 0.314A)/1000  (11)

As seen in table 3, the AGDE values of brick saspkried between 0.269 mSv/y (S2) and 0.487 m®itlyan
average value of 0.360mSv/y.This result is slightiyher than the permissible safety limit of 0.3vtyd17].
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The values of (d &AGDE) , {(AEDE)ou &(AEDE);, } and( Ra,D ELCR) are shown in figs.4,5 and 6
respectively.

Table (3) : Absorbed Gamma Dose Rate ,Annual Effective dose equivalent (outdoor &indoor) ,ExcessLifetime Cancer Risk and Annual
Gonadal Dose Equivalent for brick samplesin different regionsof Irag

D AEDE(out) | AEDE(in) s | AGDE
Samples codes nGy/h uSvly LSy ELCRx10 mSvly
S1 39.09 47.94 191.76 136.81 0.277
S2 38.14 46.78 187.14 133.52 0.269
S3 43.78 53.70 214.80 153.25 0.312
S4 40.52 49.69 198.78 141.82 0.293
S5 68.59 84.12 236.50 240.08 0.487
S6 47.71 58.52 234.08 167.01 0.343
S7 62.12 76.18 304.74 217.42 0.442
S8 64.75 79.41 317.65 226.63 0.459
S9 46.03 56.45 225.81 161.10 0.327
S10 39.30 48.20 192.83 137.58 0.280
S11 66.24 81.24 324.97 231.86 0.476
Average 50.75 62.02 248.10 177.01 0.360
+ + + + + +
S.D 12.22 14.98 59.95 42.77 0.087
0.6
0.5
0.4
0.3 W AGDE
0.2 1 H la
0.1 1
0 -t
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Fig.4: Annual Gonadal Dose Equivalent and alpha index for brick samplesin different locationsof Iraq
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Fig. 5: Annual Effective dose equivalent (outdoor &indoor) for brick samplesin different locationsof Iraq
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Fig. 6: Radium equivalent activities, Absorbed Gamma Dose Rate and ExcessLifetime Cancer Risk for brick samplesin different
locationsof Iraq

CONCLUSION

The activity concentration 6fRa, *? Th and*® K measured in commonly used building material&kosamples)

used for construction purpose in Iragq have beeerdéhed by high purity germanium detector. For esaimple in

this study , the activity concentration ,radium igglent activity, external and internal hazard eedi, gamma index,
alpha index, Annual effective dose equivalent (ootdand indoor), Excess lifetime cancer risk anchdal gonadal
dose equivalent have been determined to assesadiodogical hazards from brick samples.

The values obtained in the study are within the@nmemended safety limit, showing that the brick saspio not
pose any significant radiation hazard and heneeutte of these brick samples in the constructiodwslling is
considered to be safe for the inhabitants. Thidystan be used as a reference for more extengivdies of the
same subject in future
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