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ABSTRACT

In thiswork we have measured the natural radiation content of the building
materials (raw and manufactured) using HPGe detector. The intensities of
y-ray emitted by radioactive nuclides present in the samples were
determined. Efficiency of the detector at different energieswas determined
using standard sources, so that radiation content of the samples can be
estimated. Samples from different areas in KSA were collected. These
samples were prepared in a form of fine powder suitable to be used by
Marinelli beakers. Datafor every sample were collected for 36000 s. Soft
ware equi pped with the detector electronic system had been used to analyze
the data, hence the results were recorded. The highest measured activity
concentrationsin the samplesare: 48, 42 and 971 Bg.kg™ for Th- 232, Ra-
226 and K-40, respectively, which are in the range of the corresponding
typical worldwide values. The absorbed dose rates, effective dose rates,
radium equivalent activities as well as the radiation hazard indices were
estimated. The maximum radium equivalent activity (Raeq) was 186 Bqkg?,
which is lower than the limit of 370 Bqg kg? set by the Organisation for
Economic Cooperation and Devel opment (Exposure to radiation from the
natural radioactivity in building materials. Report by a Group of Experts of
the OECD, Nuclear Energy Agency OECD, Paris, 1979)
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INTRODUCTION

All building material scontain variousamounts of
radioactive substances. Building materialsoriginating
from rock and soil contain mainly naturd radionuclides
of uranium (U -238), thorium (Th-232) seriesand the
radioisotope of potassium (K-40). Intheuranium se-
ries, the decay chain starts by the most important ra-
dioisotope Ra-226, therefore, referenceis often made

toradiuminstead of uranium. Inadditionto natura ra-
dioactive substances, someindustria by-productsaso
containradionuclides, Caesum (Cs-137) inparticular,
which are spread into the environment dueto fallout
from nuclear wegpon testsand industria nuclear acci-
dents such as Chernobyl and recently Fukoshimain
Japan[ll_

If such by-product isincorporated into building ma-
terid; thefina product will dso containtheseartificial
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radionuclides?. Ash, whichisgenerated during com-
bustion of peat, coal, wood, forest processed chips,
field biomass, by-products of wood industry or other
comparable materials, contains both natural radioac-
tive substancesand artificial radionuclidesoriginating
fromfallout. Ashisused aslandscaping, and asan ad-
ditivein concrete. It isalso used asbulk material under
roads, taken to dumps, or mounded?. Theworldwide
concentrationsof radium, thorium, potassium and Cae-
sium-137 in earth crust ranging from 27-40 Bq kg™,
46-62 Bq kg?, 63-629 Bq kg* and 3-5.15 Bq kg?,
respectively, depending on thelocation on earth®. The
reported valuesof Thinrockswas 1.6-20 ppm, while
incrustitis10.7 ppminaverage. Thereported values
of U are0.5-4.7 ppmin common rock types“. Typica
activity concentrationsincommon building materid sand
industrid by-productsused for building materidsin EU
ranging from 10 up to 390 Bq kg for Ra-226, from
10 upto 100 Bgkg? for Th—232 and from 60 up to
670 Bqkg? for K-405, Whilemaximum activity con-
centrationsof these materiad swererangingfrom 25 up
to 2600 Bqg kg* for Ra— 226, from 30 up to 340 Bq
kg for Th-232 and from 200 up to 4000 Bq kg for
K -405, Worldwide average annua effective doses of
radiation at year 2000 from natural sources (2400 p
Sv) and Inhdation (mainly radon) 3600 u Sv)©.

Many studieshave been doneto measurethe con-
centrations and the dosesresulting fromthe natural ra-
dioisotopes present in thebuilding materials, al over
theworld. Samples of cement and ceramic bricksused
ashbuilding materia sin Poland have been andyzed for
Ra-266, Th-232 and K-40 using a high resolution
HPGe gammaray spectrometer showsadoseraterang-
ing from 99- 102 nGy h%"), Theradioactivity concen-
tration of Ra-266, Th-232 and K-40 (Bq kg?) in soil
samplestakenfrom different locationsin State of Qatar
ranging from 65-301,11-25 and 160-296, respec-
tively®. Whilethe reported valuesin other countries
wereasfollows®:

Algeria: 2-127, 2-144, 35-1405, respectively,
Egypt: 5-24, 10-20, 293-660 Respectively, Jordan:
15-60, 4-29, 99-379, respectively, India: 5-71, 15-
76, 20-854, respectively, Bangladesh: 13-43, 3-81,
402-750, respectively, China: 40-443, 33-68, 442-
913, respectively and Worldwide: 40, 40, and 580,
respectively.
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Theradioactivity concentrationsof Ra-266, Th-232
and K-40 (Bg kg?) were also measured for various
cement samplesused for building materidsinthe State
of Qatar, thereported valuesranging from 27-32, 8-
14 & 54-98 respectivel y1¥. Theactivity concentrations
of natura radionuclidesin variousbuildingmateridsin
Vietnam werefound to beranging from 5-170, 20-190
and 20-1980 (Bg/m?) for Ra-266, Th-232 and K -40,
respectively'9. Aninvestigation on the natural radioac-
tivity of building materialsin centra Turkey, show that
theaveragevaluesresulting from Ra-266, Th-232 and
K-40 were: 632.2 Bqkg* for fly-ash, 4.4 Bq kg™ for
brick, 73.3 Bg kg for soil, 306.6 Bq kg for cement,
302 Bgkg* for gypsum and 83.6 Bq kg for solvent-
based paint™Y.

Theinvestigation on the natural radioactivity of
bricksinIndia, show that theaverage vauesresulting
from Ra-266, Th-232 and K-40 vary from 9.89-23.48
Bq kg?, 25.35-62.02 Bq kg! and 342.48-405.24 Bq
kg, respectively*?. In Ghana, the cal cul ated average
activity concentrations of Ra-266, Th-232 and K-40
inthe cement sampleswere 35.9 Bqkg?, 25.4 Bg kg
1and 233.3Bqkg?, respectively®d. Theactivity con-
centrationsof Ra-266, Th-232 and K-40in Bq kg™ of
different Egyptian building materid swereasfollows:
sand (9.2,2.9,54.5), cement (22.5, 3.9,68.7), limestone
(13.4,3.3,61.6), yellow clay (27.2,19.3, 188.7), re-
spectively*¥. The concentrations of Ra-266 and Th-
232in buildingmateriad susedin Saud Arabiawerefound
to be less than those reported in different countries,
whilethe concentrationsof K -40 werehigher than those
reported from other countries®™. Measurementsof the
concentrationsof naturally occurring radionuclide (Ra
266, Th-232 and K-40) in rocks and sand samples
takenfrom Taif provincein Saudi Arabiausing GRS
2000 and PGR gavelower va uesthan acceptablevaue
of 1mSv y*8, thusthey concluded that accurate mea-
surementson the coll ected samplesusing HPGe detec-
tor are highly recommended™®. Saudi Arabiaiscon-
sidered alarge market for local and foreign building
materials. Theaim of this present work isto measure
theradiation dosesresulting from theseradionuclides.
These doses can be hazardous to those who livein
houses and buildings constructed from these building
materids, if they exceed alimited vdueknownasMPD
reported in ICRPY which isabout 600 . Sv/ y. Ra-
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dioactive Radon (Ra-222) gasis emitted from Ura-
nium series and can be accumulated in houses, thus
causinglung cancer if exceedsdlowedleves. Thuscer-
tain precautions can betaken to protect humansfrom
radiation, by using selected building materialshaving
lower concentrations of radioactivity. Severd countries
have adopted their own policiesfor limiting theradio-
activity concentrations of building materials. If these
meateria shavehigh concentration of radioactivenudides,
they can beused in other constructions, likeroadsin-
stead houses. Even though thiswork can not cover al
samplesof building material susedinthekingdom, it
can beapointer for similar studiesif thefindingsare
significant. It may also help to adopt policieswith re-
spect toregulaing theuseof building materidsthat might
be hazardous to public. Authoritiesin areas such as
minister of commerce and industry and the Saudi Ara
bian standards organization (SSO) can benefit fromthe
outcome of thiswork. High resolutiony- ray spectros-
copy employing an HPGe detector wasadopted inthis
work. Theradioactivity concentrationsof Ra-266, Th-
232 andK-40indl thebuilding materid sampleswere
determined. A comparative study of our datawith dif-
ferent resultsin other areas of theworld hasbeen done.
Thus some conclusions can bederived, so that certain
policiescan be adopted to minimizethe hazards of ra-
digtion

EXPERIMENTAL

Acquisition of samples

Local and imported Samplesof different building
materia swerecollected from different areasintheking-
dom. Wefocuson thewidely and mostly used materi-
dsinvariouscongructionsand buildings. Each sample
wasclassified by itsorigin (local or imported) and the
placeof origin.

Processing of samples

Brick andtiles sampleswere crushed in thelabora-
tory intwo stagesin sequenceto convert themintofine
powder. Thefirst grinder breaksthe hard samplesto
small pieces. The second grinder crushesthe samples
to dust. Thesampleswerethen sieved through 40 mesh
sieveand then heated at 110°C inan ovenfor 24 hours
to get rid of moisture, if any. The sampleswerethen
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cooled and transferred to plastic Marinelli beakers of
volume 500 cc each and then sealed by epoxy. Thenet
mass of each samplewasrecorded. Also vinyl tapes
werewrapped along the edges of thelids of the bea-
kers. Thiskind of sealing by epoxy and tapesis ex-
pected to keep the radon gas that emanates from the
crushed samplesto be confined to the beaker, asmuch
aspossible. These sealed Marindlli beakerswerethen
kept for aperiod of about one monthin order to allow
the daughters of U-238 and Th— 232 to reach secular
equilibriumwith each other.

Energy calibration

Themultichannel andyzer of our € ectronic system
was calibrated for energy using standard radioactive
sourceof Eu-152. Eu-152 being amulti-peak gamma
emitter providesareasonable coverage of thegamma
spectrum, the lowest energy is 121.78 keV and the
highest is1408.11 keV.

To havethe same geometry asthe sampl es, stan-
dard Eu -152 sources should be prepared in Marindlli
beaker. Eu-152inliquid formwith known activity was
the standard radi oactive source used for the prepara-
tion of such extended source. For this purpose, clean
Marindli besker waswe ghted empty and thenwasfilled
with selected sample. The samplewasthen counted for
the background for areasonabl e period of time (about
7000s). Theregion of interests (ROIs) in the MCA
spectrum corresponding to the Eu - 152 energieswhere
marked previoudy, and thecountsfor al ROIsfor this
time period were noted. The samplewas now emptied
toacleanglassbowl. Using pipette, 0.2 ml of Eu-152
solution was pipettedrop by drop tothe sample. This
was mixed thoroughly and carefully to insure homo-
geneity of theradioactivity inthesample. Theradioac-
tive standard wasthen transferred totheMarindli bea-
ker and counted for 7000 s.

Efficiency calibration

Thedetector efficiency isknown as. the ability of
thedetector for recording interactionswithinits effec-
tivevolume. If spectra quantitativeanaysisisrequired,
the detector efficiency must be determined over the
range of energiesof interest. The general methodisto
collect asgpectrum from aknown sourceand determine
theratio of the number of events counted to the number
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of actud events. Thiswasdonefor several peaksinthe
gpectrumto dlow theplotting of theefficiency curve. In
thiswork wewill usethe so called absolute efficiency.
The absolute efficiency isdefined astheratio of the
number of pulsesrecorded by the detection systemto
the number of radiation quantaemitted by the source; it
depends on the geometry of the experiment and the
detector properties. Theabsoluteefficiency (e) isgiven
by thefollowing equation*8';

)

TAL @
Wherecpisthetotal net countsper second, represent-
ing the number of photons detected under the
photopeak; Istheactivity of the standard sourcein Bq
Al istheintensity of gammaline (rd ative abundance)
Theerror can beca culated usingthereation:

€

s’c, , o”A
c;  A? @

Gamma-ray spectrometer

CE=§€X

The high-resol ution gammaspectrometry system
used for analyzing the sampl es consisted of Canberra
high-purity germanium HPGe detector, of 50 % rela-
tive efficiency coupled to CanberraDigital Spectrum
Analyzer DSA 2000 (GENIE-2000) with an FWHM
of 2keV for the 1.332 MeV gammaray of ®Co.

The HPGe’ detector is equipped with model 747
Canberralead shield system (composed of 10-cmthick
low-background lead, and 1-mm tin and 1.6-mm cop-
per graded liner to prevent interference by lead X rays)

Theradionuclidesunder focuseswere?*Ra, 22Th
and “K. The?*Raactivitieswere estimated from the
gamma rays of #4Pb (295.2, 351.9 keV) and #“Bi
(609.3and 1120.3keV). TheZ?Th activitieswere es-
timated from the gamma rays of #2Pb (238.6 keV),
28/ ¢ (338.4, 911 keV) and 2¢T| (583.2 keV).

Severd peaksfrom 2Raand #?Th daughterswere
also monitored. TheK -40 activitieswas determined
fromitsowngammaray (1460.8 keV).

Oncethe absolute efficiency curveisplotted, the
efficiency of thedetector at any valueof gammaenergy
can be determined; hencethe activity concentrations
(Ap inBgkg?) for thenatural radionuclideinthegiven
samplecan becd culated usingthereation:
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Where Cp isthenet peak counting rate of gammaray
(counts per second), ¢ is the detector efficiency of the
specific gammaray, and Msisthemassof the sample
(kg). P, representsthe absol utetransition probability of
the specific gammadecay. When theactivity concen-
tration is evaluated from several gamma peaks, the
weighted averageis considered after taking into ac-
count al necessary correctionsaspreviously indicated.

Assessment of radiological risk

In order to assesstheradiation hazard associated
with the building materialsused, the Ra, andtheab-
sorbed doserate (* **) have been evaluated, whereit
is assumed that al the decay products of ?°Ra and
Z2Tharein radioactive equilibrium with their precur-
sors. The Ra, iscalculated according tothefollowing
formuld°2:;

Ra, =A,,+143A +0.077A, (4
Where, A, A, andA, arethespecificactivities (Bg
kgl) of 2Ra, 2°Th and “°K,, respectively. Thisformula
isbased on the estimation that 1 Bq kg* of 28U, 0.7
Bqg kg! of 2°Th and 13 Bq kg* of “°K produce the
samegamma-ray doserates.

The outdoor absorbed dose rate (nGy h) in air
from terrestrial gamma radiation at 1 m above the
groundiscdculated after applying the conversonfac-
tors(innGy h' per Bq kg?) to transform specific ac-
tivitiesA_, A, and A, into absorbed dose rate ac-
cordingtothefollowing formula?Y:

D = 0.429A ., + 0.666A ;,, +0.042A (5

In addition, theannual effective doserateindoors (E)
(measuredinmSv yt) wasca culated, assumingavaue
of 0.7 Sv Gy'* for the conversion factor from absorbed
doseinair toannual effective dosereceived by adults
and a 0.8 factor for the indoor occupancy!?>?3. The
formulausedis:

E =D(nGyh™)x24hx365.25dx 0.8

x0.7Sv Gy x 107 ©)
To estimate the gammea-radi ation dose expected to be
ddlivered externaly from building materia's, amodel

was suggested by variousresearchersto limit thera-
diation dosefrom building materialsto 1.5mSv y™. In
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thismodel the external hazard index hasbeen defined
6&19]:

A Ra A Th A K

=~ 370 " 259 4810 @)

Theradiaionriskisnegligiblewhenthemaximumvaue
of theexternd hazardindex islessthan unity (H, <1),
whichisequivalent toamaximumvaueof theRa_ac-
tivity <370 Bq kg™. Interms of dose equivalent, this
index must belessthan unity so that theannud effective
dosedueto radioactivity inthe materia will be<1.5
mSv ht,

Interna exposuresarisefrom theinhalation of ra-
don (*?Rn) gasand its short-lived decay products as
well asfrom theinhalation or ingestion of other radio-
nuclides. Radonispart of theradioactive series of 22U,
whichispresentin building materids. To assessthein-
terna exposureto 2?Rn gas, theinterna hazard index
has been defined ag¥:

A Ra A Th A K
"= 185 " 250 T 4810 ®)
Theuseof amateria inthe construction of dwellingsis
considered safewhen the maximum valueof theinter-
nal hazardindex islessthan unity (H,_ <1).

RESULTSAND DISCUSSION

Theactivity concentrationsof mast commonly used
building materid sinthekingdom of SaudiaArabiawere
measured, employing the high—resolution gamma ray
spectrometry. INTABLE 1 we show thevarious#2Th,
26Raand“°K activity concentrations (Bq kg?) for the
building material ssamplesunder investigation. Itisseen
from thistablethat activity concentration of Th- 232
rangesfrom 0.2 Bq.kg* (for Kumryy gypsum) to 48
Bqg.kg? (for Kishani China) Theactivity concentration
of Ra-266 rangesfrom 0.7Bg.kg* (for Yanbu gypsum)
to 42 Bg/kg (for Kishani China). Theactivity concen-
tration of K-40 ranges from 1.9 Bg.kg* (for Teyma
sand) to 971 Bg.kg? for (Kishani China, aso). Thus
Kishani Chinaseemsto havethehighest activity con-
centration among al theinvestigated samples, butitis
still below the acceptableval ues.

In TABLE 2, we show the Absorbed Dose rate
(nGy.h?), Ra, (Bag.kg?) and theindoorseffective dose
rate(mSv.y?) for dl samples. This Tableshowsthat the
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absorbed doserate (nGy.hr) rangesfrom 0.8 for Yanbu
gypsumto 90 (nGy.h?) for Kishani China, whilethe
Ra, (Bg.kg™) rangesfrom 1.7 for Yanbu gypsum to
185 (Bg.kg?) for Kishani China, whichislessthanthe
accepted value of 370 Bg.kgX?4. The effective dose
rate (uSv.y*) rangesfrom about O for Yanbu gypsumto
450 pu Sv.y* for Kishani China, aso.

TABLE 1: 22Th,?®Raand “K activity concentrations(Bq/
kg) for thebuilding materialssamplesunder investigation.

Sarr]‘;'f"e SampleName ~ Th-232 Ra-226  K-40
1  Yanbugypsum 0.4+0.1 0.7£0.1  6.3+0.5
2 ceramic china 34.9+0.2 26.0+2.7 660.2+£0.02
3 redbrick 6.2+0.3 6.6+0.7 223.1+0.02
4  teymasand 7.6+£0.0 5.6+0.6 1.9+£0.0
5  bathat khomra 3.7£0.2 3.9+0.5 508.8+0.0
6  kishani china 48.0+1.5 42.3+4.7 971.7+20
7  concrete block 48+0.4 11.1+1.9 505.4+0.6
8  whitecement Egypt 6.0+0.0 11.2+1.0 2.2+0.0
9  whiteblock 25+0.1 5.1+0.2 436.9+0.4
10  kishani local 6.3+0.4 10.6+0.8 303.3+0.09
11  Saudi ceramic 30.9+0.4 36.8+4.1 734.1+0.0
12 Yanbu cement 49+0.0 17.8+2.1 165.2+0.06
13  breman grave 2.3£0.1 3.240.5 262.7+0.43
14  Saudi mozaic 3.6+£0.2 7.4+0.6 313.1+0.32
15 bahrasand 5.4+0.4 4.9+0.6 638.2+0.32
16  kumreyyeh sand 26+0.0 3.1+0.3 8.9+0.0
17  kumryyahbadhaa  5.8+0.2 4.2+0.7 522.6+7.8
18  kumryy gypsum 0.2+0.1 7.2£1.8 47.3+0.0
19  kumryy sail 6.1+0.1 7.9+1.0 763.7+0.14

INTABLE 3, weshow the cal culated valuesinthis
work of bothH_ and H,_indicesfor all samples, itis
seen clearly that their values arel essthan unity, which
indicate that the radiation doses are bel ow the hazard-
ouslimits. Itisclear that Yanbu gypsumhasthesmallest
valuesof theseindices, whilethehighest valuesarere-
ported in case of Kishani China, Ceramic Chinaand
Saudi ceramics. Butdl thesevauesare< 1, whichmeans
that theradiation risk isnegligible. Thelowest concen-
tration valueswerereported for Yanbu gypsum,while
the highest concentration values were reported for
Kishani China. From thereported values, itiscleare
that the concentrationsof K-40 are higher thantheval -
uesreported for Th- 232, Ra-226, as expected. The
measured activity concentrationsinthesamplesarein
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TABLE 2: Theabsorbed doserate(nGy.h”), Ra_ (Bq.Kg*)
and theindoor seffectivedoserate (mSv.y?) for all samples.

Indoors
mgle? Sample Name ég;?g’a?é Ray effective
Dose Rate
1 Y anbu gypsum 0.8 17 0.00
2 ceramic china 62.1 126.8 0.30
3 red brick 16.3 32.6 0.08
4 teyma sand 7.6 16.7 0.04
5 bathat khomra 255 484 0.13
6 kishani china 90.9 185.7 0.45
7 concrete block 29.2 56.9 0.14
8 white cement Egypt 8.9 19.9 0.04
9 white block 22.2 124 0.11
10 kishani |ocal 215 43.0 0.11
11 Saudi ceramic 67.2 1375 0.33
12 Y anbu cement 17.8 375 0.09
13 breman gravel 13.9 26.6 0.07
14 Saudi mozaic 18.7 36.7 0.09
15 bahra sand 325 61.8 0.16
16 kumreyyah sand 34 75 0.02
17 kumreyyah badhaa 27.6 52.8 0.14
18 kumreyyah gypsum 5.2 111 0.03
19 kumreyyah soil 39.5 75.4 0.19

TABLE 3 : Values of both H_ and H, calculated for all
investigated samplesin thiswork.

nsjmgle? Sample Name I r|1-|d®(ex I r|1-|d|21x
1 Y anbu gypsum 0.00 0.01
2 ceramic china 0.34 0.41
3 red brick 0.09 0.11
4 teyma sand 0.04 0.06
5 bathat khomra 0.13 0.14
6 kishani china 0.50 0.62
7 concrete block 0.15 0.18
8 white cement Egypt 0.05 0.08
9 white block 0.11 0.13
10 kishani local 0.12 0.14
11 Saudi ceramic 0.37 0.47
12 Y anbu cement 0.10 0.15
13 breman grave 0.07 0.08
14 Saudi mozaic 0.10 0.12
15 bahra sand 0.17 0.18
16 kumreyyeh sand 0.02 0.03
17 kumreyyah badhaa 0.14 0.15
18 kumreyyah gypsum 0.03 0.05
19 kumreyyah soil 0.20 0.22
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the range of the corresponding typical world values

which are: 50, 50 and 500 Bq.kg* for Th-232, Ra-

226 and K -40, respectively®®. Thus, onecan conclude

thet:

1. Thehighest radiation content was detected for each
of : Kishani China, Ceramices Chinaand Saudi Ce-
ramicssamples.

2. Thelowest radiation content was detected for each
of : sand samples, gypsum and cement samples. For
sand samples, we can seethat the Taymasand has
thel owest radiation content. The Yanbu gypsum gave
thelowest radiation content. Egyption whitecement
containd thelowest radiation level.

3. 3- Theeffectivedoseratesfromal thesamplesare
all at the acceptablelevel with maximum val ue of
450 p Sv.y™

Accordingto the previous conclusion, werecom-
mend the using of Tymasand, the Yanbu gypsum and
the Egyption white cement from among other building
materias. Whilewerecommend littele use of Kishani

Chinaand Ceramicsin building materials, because of

their relatively higher radiation content.
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