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ABSTRACT

The measurement of specific activity due to Naturally Occurring Radioactive Materials (NORM) has been carried
out in soil and Portland cement and its products available in two rural communities near Aflao, Ghana. The gamma
spectra of the collected samples were obtained using HPGe detector and analyzed for the presence of *°Ra, **Th
and “K. In addition, the radon emanation coefficient and the corresponding mass exhalation rate of the samples
were determined using the same instrumentation. The aim of the study was to find out whether the shift from the use
of ingenuous sail to Portland cement in the construction of dwellings is more radiologically safe for inhabitants in
the study area. Radiological parameters such as the radon emanation coefficient, the radon mass exhalation rate,
the radium equivalent activity, the external and internal hazard indices, the indoor absorbed dose rate, and the
annual effective dose were determined to assess the potential radiation hazards associated with the samples. The
results were compared with reported data from other countries and safety guidelines from international
recommendations. The study found out that the radium equivalent activity of the Portland cement and the raw
materials of which it was composed was higher than reported data from other different countries whilst the soil
values were lower compared to other published values. The variations and the large spread in data are a reflection
of different geological origins of the building materials. However, the radiological hazard parameters assessed in
the building materials under the current study were all found to be well below the acceptable limits of international
guidelines. Therefore, it was concluded that the use of these materials in construction of dwellings is considered
safe for inhabitants of the study area.

Key words: Gamma spectroscopy, Portland cement, indoor abdatb&e rate, radium equivalent activity, radon
emanation coefficient

INTRODUCTION

Natural radioactivity of soil, rock and mineralsg dhe main sources of exposure to humans [1] t@@ssociated
external exposure due to the gamma radiation depenwrily on the geological and geographical ctinds of the
region and appear at different levels in the sbieach region [2]. It is now a common knowledget tteav and
produced materials in the building sector suchexaent, bricks, sand, tile, limestone, gypsum amerstderived
from rocks and soil contain mainly Naturally Océng Radioactive Materials (NORM) of the uraniurf?®() and
thorium €%2Th) series, and the radioactive isotope of potasgitk) [3]. In the®*®U series, the decay chain starting
from radium t*Ra) is radiologically the most important and, ttiere, reference is often made #8Ra instead of
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%38 [4]. The knowledge of natural radionuclides disition and radioactivity level in soil and builgimaterials
play an important role in radiation protection mgasent and geoscientific research [5].

The natural radiation level in building materiadsa major cause of external and internal indoowosue. Indoor
radiological hazards to human health can be acdefseen the determination of radioactivity levels lwilding

materials [5]. Standards and national guidelinethinlight of international recommendations arefeetbuilding

materials to protect the global population from thdiological risk posed by these materials. Thielmg materials
which have been widely used in the assessment tafataadionuclides include, Portland cement, sgjpsum,
limestone, marbles, clinker, sand and ceramic§,[Z, 8, 9, 10, 11, 12] . In setting standards rmaittbnal guidelines
in these materials, evaluation of some radiologaameters such as the radon emanation coeffigiemtradon
mass exhalation rate, the radium equivalent agtitite external and internal hazard indices, tli®an absorbed
dose rate, and the annual effective dose havedraptoyed for the purpose.

Cement as a building material is a source of lamg®unts of dust polluting the air withi°Ra. The?*Rn gas
emanated from th&°Ra may constitute a radiation hazard to both peaplking directly with the cement material
and inhabitants of dwellings constructed with cemids]. The fraction of"*Rn that can diffuse through the
building materials is known as the emanation cokffit or fraction of the material. The radon emameatoefficient
(Rreg) is a very important radiological index used talenate the amount 6f°Rn emanated fraction released from
the building raw materials and products containmiagurally occurring radionuclides such %&%Ra in radioactive
equilibrium with its parents. The radon emanatioveficient of samples is calculated based on two
measurements. Based on these measurements, the eatnation coefficient is calculated accordingato
expression adopted by Mujatedal, [6].

In Ghanaian rural communities, the uses of soil sediment in the construction of buildings and diwgs have
been a common practice. Likewise, cement and ptschave been used in the urban areas in the bgilddustry
and other infrastructural developments. Howeveadgally modernization is offering a shift from andabased
infrastructural development especially in the bingdsector in rural areas to a cement based situaGhana’s
housing deficit currently stands at more than liomlwith an annual delivery of only 40,000 beingwided [13].
The country’s cement industry is estimated to gbgvover 8% every year for the next 20 years. Thigdcause the
demand for cement in the country is expected toesse as a result of increasing population and resipa of
infrastructure [14]. There is therefore, the urgeetd to accelerate research in the area of NOR&éttoegulatory
limits for these materials in the building indusitnyGhana.

For the purpose of this study, it is imperativénicate that, for the past decade a cement fa¢@igmond Cement
factory Limited) has been operating in the Duta Akgrokploe rural communities near Aflao (bordewty in the
Volta Region of Ghana. Before, the advent of the@et factory in these rural communities, ingenisoi has been
predominantly the material used in residential atebr infrastructural developments for the citizeinrthe area. At
present the scenario is changing from soil baseellohgs to cement based building developments bypéople of
the area. By this, national development is beingrowed and encouraged. From the radiological pointiew,
however, it is important to assess the radioagtidtels of these materials. The reason beingtti@tradiation to
which human are exposed to may increase if theyilivhouses or buildings constructed using materidlere the
radiation doses are above normal background levible area.

The present investigation is aimed at verifying thdioactivity and dose rate levels of soil sampltethe study
area, and also samples of Portland cement frorBidimond Cement Factory as well as raw materialgsioth they
are composed. Results of the study will providduls#ata and information on radioactivity levelstirese building
materials in addition to whether these materiag¢ssafe for building purposes. Furthermore, it pitbvoke interest
in having knowledge whether the shift from soil édido cement based construction of buildings isaenimg or
depreciating human health radiologically.

MATERIALSAND METHODS

Sample Collection and Preparation

Building soil samples were collected from the l2siat a depth of 15 cm from the two communitiethefstudy
area using a soil corer. After removing grass, estamd the biological materials, the samples si¢hexzligh 250 pm
then sun-dried and kept in plastic containershindement factory the main raw materials usednifembanufacture
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of cement are limestone, gypsum and clinker. Theeted powder was of two types: ordinary Portland &em
(OPC) and Portland limestone cement (PLC). Hereecément powder and its raw materials were sangtedtly

on three different occasions from the factory ipaesate containers. The samples were separatelyikggastic
containers and kept in the National Reactors Reke&@enter (NRRC) laboratory, Ghana Atomic Energy
Commission (GAEC) pending analysis.

All the six different type of samples were ovenedriat 110°C for 72 h and separately pulverized aftéch each
was put together into composite samples after aawstive mixing. A set of 18 samples of the 6 dédfé materials
representing triplicates of each were preparedttier analysis. The homogenized samples were weigited
hermetically sealed-packed in plastic 450 ml mdliicentainers. The containers with the same sizé geometry
were used for the reference materials for the iefficcalibration of the detector system for theioadtivity
measurement. The samples were filled to an indicatark on the marinelli container and the massroeted by
simple calculation after weighing respectively eynpbntainer in addition to a specific sample anel tontainer
alone. The samples were closed tightly to limitfarsas possible escape of radon. Each marinetifatoer was
analyzed after 4 weeks aftéfRa and®>“Th secular equilibrium with their decay productsswadtained using HPGe
detector set-up and 8192 channel Multi-channel yweal (MCA). The detector was calibrated for absolut
efficiency using mixed radionuclides gamma ray déad QCY4 solution (obtained from Physikalisch Trasbhe
Bundesanstalt PTB, Germany) supplied by the IAEArr€ctions for densities to the cement materialdbdo
measured was made. The standard solution contarf®liowing radionuclides with corresponding eriesg*Am
(60 keV),*®Cd (88 keV),>’Co (122 keV)*Ce (1656 keV)?*Hg (279 keV),***Sn (391.69 keV)**Sr (514 keV),
137Cs (662 keV)PYt (898 keV and 1836 keV) arfiCo (1173 keV and 1333 keV).

Determination of Specific Radioactivity in Samples

The measurement of specific activity concentratdémadionuclides in the samples under consideratiaa made
using HPGe gamma-ray spectrometry system. The gaspeerometry system was equipped with a high-neisol
gamma ray spectrometry using HPGe detector Model28688-7500L (Canberra Industries Inc.) coupled to a
computer based PCA-MR 8192 MCA mounted in a cylcadr90 mm thick lead shield and an internal voduaf
approximately 99.53 L. The detector is cooled loyili nitrogen from vertically dipstick cryostat gigd in 35 L
liquid nitrogen Dewar. The detector has a relagfficiency of 25% to Nal detector, 1.8 keV energgalution at
the energy peak of 1333 keV 8fCo isotope, and a peak-to-Compton ratio of 55:1e Fadionuclides were
identified using gamma-ray spectrum analysis soBWw@RTEC MAESTRO-32.

The radioactivity measurement of the samples wadentgy placing them on the detector inside the Eadlding
and spectrum was collected for accumulation. Timeesgeometry was used to determine peak area ofleampd
references. Each sample was measured during amalating time for 36,000s. The activity concentva were
calculated based on the weighted mean value af tbgpective decay products in equilibrium. The geray lines
of 295.2 (18.2), 351.9 (35.1) keV froMi*®Pb and the 609.3 (44.6), 1764.5 (15.1) keV frdfBi were used to
determine the activity concentration®fRa. The gamma lines of 338.4, the 911.2 (26.6) ke **’Ac, the 727.3
keV from ?'8Bi and 583.2 (30.6) keV frorf®T| were used to determine the activity concentraiid ***Th. The
activity concentration of’K was measured directly by its own gamma ray a0181610.7) keV. The values inside
the parentheses following gamma-ray energy inditeeabsolute emission probability of themma decay.

The gamma-ray background around the detector inb&eshielding was determined using an empty coetainder
identical measurement conditions. This backgrouad subtracted from the measured gamma-ray spefcéach
sample before calculating the activity concentratiolrhe specific activity concentrationg; Af a radionuclideé and
for a photopeak at energy E, is give by the aredy#xpression (1) [15]:

N

= B 1
AEI £EiTcydMs ( )

Where N; is the net count for a sample at energykis the detector efficiency at energy E, fhie counting live
time, y4the gamma emission probability, and tle mass (dry weight) in kilogram of the sample.
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Radon Emanation Coefficient and Radon Mass Exhalation

The radon emanation coefficient of samples wasutatied based on twp measurements. The first measurement
was carried out directly after sealing of samplesile the second measurement was carried out aff@inment of
secular equilibrium between radon and its shoddidecay daughters. Based on these measurementsdibn
emanation coefficient was calculated accordingnéofollowing expression (2) [13, 16]:

N
RN =7——
“ (N, +N) o

where, Rac is the radon emanation coefficient, I the net count rate 6f°Rn at the time of sealing the sample
container, N is the net count rate BfRn emanated at the radioactive equilibrium witfRa and its progeny.
Assuming that &, is the concentration 6f°Ra (Bq kg'), Axn is the decay constafftRn (2.1x 10 per s), the mass
exhalation rate £(Bq kg".s) of?Rn was determined through the following equation (3

E, = Cr, X RN XA, (3)

RESULTSAND DISCUSSION

Specific Activity Concentration of Building Materials

The minimum, maximum and average activity conceioinaof **’Ra (G,), 2>2Th (Cr) and“K (Ck) (in Bq kg?)
together with statistical uncertaintyo{lare presented for the different types of cemant@es and their composite
materials in addition to soil (used in building) Table 1. The specific radioactivity 6°Ra,?**Th and*’K in the
analyzed building materials ranged from 13.46z®842.32+1.67 Bq KgJ with a mean of 38.34+1.41 Bq kg
10.5620.83 to 30.32+0.52 with an average value 212+0.93 and 235.07+3.28 to 524.13+4.54 Bd with an

average 0898.56+4.03 Bq kgrespectively. The activity concentrations were useassess the radiological hazards
of the building materials.

Table 1: Minimum, maximum and mean specific activities (Bq kg™) due to natural radionuclides from cement types and raw materials of
which the products are composed aswell as soil from the vicinity of the cement factory

Type of Materials| n Ra Crny Ck
Min Max Mean Min Max Mean Min Max Mean

Clinker 3| 57.08+1.39] 65.94+1.91 62.12 +1.44 26051 | 30.32+0.53| 28.39+0.48 480.17+4.44  537.80%4.9524.13+4.54
Gypsum 3| 2435+1.2§ 30.30+1.5]1 27.57+1.47 10.583Q 13.14+0.81| 11.96%0.9 235.07+3.28  292.54+4|0866.33+3.94
Limestone 3| 30.01+1.20 37.27+0.96 32.95+0.88 99#0.50 | 21.86+0.79] 19.86+0.66 439.12+4.50 546.4635. 497.53+5.12
Cement (PC) 3| 57.34+1.32 72.32+1.67 61.63+188 .25#9).73 | 27.15+0.93] 25.96+0.84 398.42+4.12 495.8025 451.30+4.89
Cement (PLC) 3| 47.81+1.62 59.50+1.70 54.35+1.Pp2 .2240.71| 26.35+0.84] 24.04+0.6p 419.41+4.69 521.BAH 476.87+5.03
Composite Soil 5| 13.46+0.84 27.94+1.43  22.70+1.14 8.23+0.99| 46.78+3.81 28.51+2.06 168.11+2.p9 17225 | 175.21+2.33]

*PC: Portland cement; PLC: Portland limestone cement

The average concentration values are lower thardh@sponding world mean values that are 50, 50500 Bq
kgfor ?Ra, ?*?Th and*K respectively [3]. Table 4.1 shows tH&K is the largest contributor to the total actitie
due to all three radionuclides in raw materialshtef Portland cements as well as the building Jdie activity
concentration results show no significant diffeileifp<0.05) between clinker and ordinary Portlan@)(BPement
due to the three radionuclides. A situation whidghhaccount for this may be attributable to thghleir percentage
of clinker content in the PC product than in theCRiroduct.

A clear observation of the results indicated that distribution of natural radionuclides in the Igtieal material
samples is not uniform. These variations in adéigitare due to varying amounts of uranium, thoriand
potassium-40 concentrations under the earth crost fvhere raw materials for particular building eréls may be
obtained. Therefore to compare the radioactivitycemtration of any building material containifffRa, >*Th and
“9K, a common index is required to obtain the sumadfoactivities. The radium equivalent activityalR has been
used for the purpose.

Radium Equivalent Activity (Ragg)
The radium equivalent activity values for the burfgimaterial samples were calculated using equatipfilL7]:
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Ra,, = Cp, + 143C,, + 0432C, @)

Where G, Cri, and G are the specific activities 6f°Ra,?**Th and*’K, respectively in Bq kg. In the definition of
Ray it is assumed that 10 Bq k@f **Ra, 7 Bq kg ***Th and 130 Bq kg of “K produced equal gamma ray dose
rate [7]. According to Turhan andi@®iz [3], the maximum value of Rgn building materials and products must
be less than 370 Bq Rdor safe use, ie to keep the external dose < 58 y.

The calculated values for the samples under thiysite given in Table 2. From the results it carobserved that
the mean lowest value is 142.44+4.47 Bd keps calculated in gypsum, while the highest visu@29.14+4.01 Bq
kg™ calculated in clinker. The Raresults of the two types of Portland cement (P@ BhC) produced from the
DIACEM factory compare favourably and are higherththeir composed materials with the exceptionlioker.

Meanwhile, the soil samples Reesults ranged from 112.15 to 172.26 Bdf kgth a mean of 139.16 + 5.08 Bq kg
! indicating that they are lower compared to theepbuilding materials.

Table2: Radium equivalent (Rag) activitiesand hazard | ndexes (Heqin) and representative level index (1) of building materials
obtained from the study area

Building materials

Radium Equivalent Activity | Hazard Index| Representative
(Ra) (Rax) Level Index
Range Mean H Hin lye

Clinker 302.72-341.72 329.14+4.01 0.39 055 41.0
Gypsum 141.00-175.61L 14244 +4.47 0.7 0}24 0.45
Limestone 24557 -304.6D 274.48+4p4 027 035 .74 0
Cement (PC) 265.57 —325.38 293.71+4|67 0{36 0.53 0.97
Cement (PLC) 259.41-322.66 294.76+5/04 0{34 904 0.92
Composite Soil 112.15-172.26 139.16 +5/08 0{21.270 0.55

The growing worldwide interest in natural radiowityi exposure has lead to extensive survey in n@untries. As

a result, in some countries nationwide surveys tmen carried-out to determine Raf soil samples and other
building materials especially Portland cement.

Table 3a: Comparison of the activity concentrations and the radium equivalent activities (Raeq) of cement samplesunder the current
study with those obtained in other selected published data.

Country Specific Radioactivity (Bg.Kj Rayq References
Cre Crn C« (Ba-kg")

Bangladesh| 62.3 59.4 328.9 172.8 Chowdletig, [18]
Brazil 61.7 58.5 564.0 188.8 Malanéizal, [19]
China 69.3 62.0 169.0 189.0 Zigiaepl, [5]
Egypt 78.0 33.0 337.0 151.0 El Afii al, [20]
Greece 92.0 31.0 310.0 160.0 Stowdoal. [21]
India 37.0 24.1 432.2 104.7 Kunetral, [22]
Ireland 66.0 11.0 130.0 86.0 Leeal, [23]
Japan 35.8 20.7 139.4 125.6 Suzildl, [24]
Pakistan 26.1 28.6 272.9 87.9 Khan and Khan, [25]
Turkey 40.0 28.0 248.3 99.1 Turhan anitri&z, [3]
Ghana 54.35+1.92 24.04+0.66 476.87+5)03 294.7®4 5 Present Study

It has therefore become a normal practice to coenpach survey results with other published dasdlds 3a and

3b compare the reported values offRar Portland cement and soil samples obtained lierotountries with those
determined in this study.

As shown in Tables 3a and 3b, the radioactivitypirlding materials varied from one country to amotht was
important to point out that these values were hetrepresentative values for the countries mentidne for the
regions from where the soil and composed mateaiaipdes for the cement were collected. The comparsbows
that the calculated mean Ré&or cement samples is higher than that calculatedafl the countries used in the

comparison. Clearly, for the soil samples, the ltesuthe opposite as the mean.R& lower than what was
calculated for all the countries.
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Table 3b: Comparison of the activity concentrations and the radium equivalent activities (Rae) of soil samplesunder the current study
with those obtained in other selected published data.

Specific Radioactivity (Bg.kd Rayq
Country Co Cor Ce (Ba.kg?) References
Banglades 42.C 81.C 833.( 517.3: Chowdhuryet al,[18]
Belgium 26.C 27.C 380.( 228.71 UNSCEAF [26]
China 42.7 46.3 578.0 358.61 Zigiaetal, [5]
Egypt 16.7 194 262.0 157.63 Saktlal, [27]
Greece 25.0 21.0 360.0 210.55 UNSCEAR, [26]
India 29.0 64.0 400.0 293.32 UNSCEAR, [26]
Iran 28.C 22.C 640.( 335.9¢ UNSCEAR,[26]
Japal 33.C 28.C 310.( 206.9¢ UNSCEAR,[26]
Pakistan 35.0 41.0 615.0 359.31 Tahial, [28]
Turkey 21.0 37.0 342.0 221.65 Karahan and Bayulg9i,
Ghana 22.70+1.14 28.51+2.05 175.21+2[33 139.108 5. Present Study
World average| 35 30 400 UNSCEAR, 2000

Note: Only the activity concentrations of the three radionuclides were obtained fromliterature, the Ray, was computed under the current study.

For limestone and gypsum, the current results fay, Rere found higher than what was obtained from rothe

countries like: Brazil (50.1Bq.Kgimestone and 18.1 Bq.Kgyypsum) [19]; Egypt (79.85 Bq.Kgimestone and 116

Ba.kg" gypsum) [4]; Italy (14+11 Bg.kjlimestone and 12+11) [30]; and Saudi Arabia (83kB3 and 107 Bq.kg
4].

) [4]

Representative Level Index

In order to examine whether the samples merit $imaftdose criterion, another radiation hazard irkieown as the
representative level index,{l is used to estimate the level pfadiation hazards associated with the natural
radionuclides in specific construction materialseT, is defined by equation (5) [6].

=CRa +CTh + Ck
" 15C 10C 150C

®)

For safe use of materials in the construction ofdings, 1, should be less than unity. The calculatgdrdlues for
the studied geologic materials and product samaleged from 0.45 to 1.04 with an average of 0.824®q.kg"
(see last column of Table 2). It is clear that vitik exception of clinker which is slightly highdian the criterion
limit, all the samples are safe for use in respéthe representative level index assessment.

Radiological Hazard Indices

According to the International Convention on Radgital Protection (ICRP) [31], the upper limit @fdiation dose
arising from building materials is 1.5 mGYyTo limit the external gamma radiation dose framiding materials to
this value, the external radiation index.{Hlefined by Mujahidtt al [6] as in equation (6) was used.

H,, =C.,/370+C,,/259+C, /4810 ®)

The value of this index must be less than unityttierradiation risk to be negligible [32]. For timaximum value of
Hex to be less than unity, the maximum value ofRaust be less than 370 BakdAccording to the calculation of
Heyx the values of | for the studied samples ranged from 0.17 (gypgor)39 (clinker) which are indeed less than
unity (see Table 4.2).

In addition to the external hazard index, radon #sdshort lived products are also hazardous toréispiratory

organs. The external exposure to radon and itstdaugroducts is quantified by the internal hazakex (H;,)
defined by Krieger [9] as in equation (7).

H,, = Cr /185+C,, /259+C, /4810 @)
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If the maximum concentration of radium is half thafrthe normal acceptable limit, ther, ould be less than one.
For the safe use of material in the constructionheéllings, H, should be less than one. The calculated values of
Hi, for the studied constructed building materialsgehfrom 0.24 to 0.55 Bq. Kig Once again all these values are
less than unity. Therefore, the materials under dhgent test are safe for human health when usethé
construction of dwellings.

Absorbed dose and Annal Effective Dose

The derived outdoor and indoor dose rates and amfiieetive dose are shown in Table 4. The outdaasorbed
dose rate in air at 1 m above the ground surface aaéculated using the conversion factors give NGCEAR
1988 Report. It is observed that the range of autdimse was from 24.58 + 1.33 to 67.86 + 1.11+ n&ghd the
mean outdoor dose rate of the area was 48.71 +GZH" which is lower than the world average value oh&sy
h™. The conversion factors used to calculate therhlesinlose rates in outdoor air is given as in equa®fia2]:

D, = 0462C, + 0604C,, + 0042, ®)

Table 4: Radiological parametersfor building materialsused in the study area

Building materials | Absorbed Dose Rate (nGyh™) | Annual Effective Dose (mSvy™) | Total Effective
Outdoor (B) Indoor (D) Outdoor (H) Indoor (H) Dose (mSvy™?)
Clinker 39.16 +1.11 130.31 +2.1p 0.19 0.64 0.83
Gypsun 1841+1.4 59.83+2.6 0.0¢ 0.2¢ 0.3¢
Limeston« 3295 +1.0 92.07+1.9 0.1€ 0.4 0.61
Cement (PC) 34.63 +1.34 121.36 + 2.58 0.17 0.60 77 0.
Cement (PLC) 34.55 + 1.5( 114.62 + 2.90 0.17 0.56 730
Composite Soil 24.58 + 1.39 66.16 + 3.49 0.12 0.33 0.45

The annual effective dose, D, from outdoor terfasggamma radiation using 0.2 as the outdoor ococypdactor
and 0.7 Sv Gy as the quotient of effective dose equivalent tatabsorbed dose rate in air. For indoor exposure,
using an occupancy factor of 0.8, the annual éffealose was calculated (equation 9) implying ®@% of the
time is spent outdoors, on an average, around ¢kl w

D, = 092C,, +1.1C,, + 008(C, )

The results of outdoor, indoor and total annuadaffe dose are shown in Table 4. The mean ofats foutdoor
plus indoor) annual effective dose{j0rom terrestrial radiation is found to be 0.67vwr@® which 0.48 mSv comes
from indoor and 0.15 mSv from outdoor. The corresjiog world average value is 0.41 mSv of which 0n33v
comes from indoor and 0.07 mSv from outdoor.

Radon Emanation Coefficient and Radon mass Exhalation Rate

Building materials can contribute teray dose rate through inhalation BfRn and external irradiation by other
radionuclides. Thé?Rn gas which emanates from tf8Ra may constitute a radiation hazard to both people
working directly with building materials and inh#dnits of dwellings constructed with those cemergabMirements

of the radionuclide concentrations are used touatalboth indoor radon concentration arabse rate.

Exhalation of radon from these materials is ofiese since the short-lived decay products of scadem isotopes
are the greatest contributors to the lung dose fidmled radionuclides. The most important isotopeadon is
222Rn (radon, #,=3.82 d) and belongs to tH&%U natural chain?°Rn (thoron, 1,=55s) is another isotope and
belongs to thé**Th natural chain. Essentially, thA&Rn comes out from a thin external layer of the syalue to the
relationship of half-life time to diffusion rate .@3-0.3md'). The entire wall, however, contributes to tH&Rn
concentration in indoor air. The irradiation levelse almost entirely due f8°Rn, in the case of a room with
infinitely thick walls.

The fraction of??Rn that can diffuse through the building materislknown as the emanation coefficient or
fraction of the material. The radon emanation doieifit (Rn:c) is a very important radiological index used to
evaluate the amount of th&Rn emanated fraction released from the raw buildiagerials and products containing
naturally occurring radionuclides such?@®a in radioactive equilibrium with its parents.
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Table5: Radon mass exhalation ratesand radon emanation coefficient from the samples of building materialsused in the study area.

Building materials| Radon Emanation CoefficignRadium Concentratio Mass Exhalation Raté
Rnec (%) Cr: (Bq kg*) Ex (1Bq kg'.s)
Clinker 67.95+3.8 62.12 +1.44 66.30 +1.20
Gypsun 52.28 + 3.. 27.57+1.4 30.30+1.3
Limestont 50.83 + 3.! 32.95+0.8 47.70£0.7
PLC 55.21+3.4 61.63 +1.38 68.10+1.24
PC 52.64 + 3.3 54.35+1.92 63.00 +1.72
Soil 42.70 + 2.6 22.70+1.14 20.40 +1.02
Mean 5360+ 3.3 43.55+1.36 4930+ 1.22

PC=Portland cement; PLC=Portland limestone cement

The radon emanation coefficient and mass exhalatimof building materials under the current sthdye been
shown in Table 5. The Ravary from 42.70 + 2.6 to 67.95 + 3.8% with the @ge value of 53.60 + 3.3%, and a
corresponding variation in,Bvhich ranged from 20.40 + 1.02 to 66.30 + 1.20 |K8d.s with a mean of 49.30 +
1.22 uBq kg.s*. The lower and upper values occurred in buildiaiy and clinker respectively. This variation in
radon concentration confirms an earlier positicat tihe uranium content in the earth crust is diffierat different
locations.

The results indicated that the f&gnand E are relatively high. This has been supported byistufrom other
countries. For instance the mean results of 52.688668.00 uBq kg.s* for Portland cement in terms of Rrand
E, respectively were higher than what was reportedMlayn and Yeung [10] for Turkey (0.5-29 %), Nethada
(0.25-7.7 %), Hong Kong (2.0 %) and Hungary (7.8%kewise, the k of portland cement is higher than that
reported by: Man and Yeung [10] for Hong kong (fuBq kg'.s®); Mujahid et al [6] for Pakistan (2.25 + 0.2 1.5

uBq kgh.s?).
CONCLUSION

Specific activities 0f*°Ra,?**Th and**K in building soil samples collected from rural comnities in Aflao, Ghana,
and samples of portland cement and raw composeérialat (clinker, gypsum and limestone) obtainedrfro
Diamond Cement Factory (Ghana) Limited (DIACEM)dted in the investigated communities have been uneds
using HPGe based gamma spectrometry technique RBhevalues investigated were found to be normal and
within worldwide ranges. However, some significaatriations have been observed between the radidgcti
contents of Portland cement products (OPC and RIn@)raw materials of which they were composed, bothe
present study and in literature values for othemtides of the world.

For limestone and gypsum materials, the resultRkaf, were higher compared to values reported from other
countries like, Egypt, Brazil, Italy and Saudi AimbResults from the building soil samples regaydite,, were
found to be lower compared to results from otheunties. Likewise, the study took a position thad tadon
emanation coefficient and the corresponding masslation rate of the materials under the curreatlystwere
higher when compared to results from other stuiedifferent countries. These variations and thgdaspread in
data are a reflection of different geological angypf the building materials.

Studies of external and internal irradiation dasenfthe building materials, used in the constructid dwellings,
are being carried out in order to estimate the amddfective dose equivalent from the samples. a$smessment of
the radiological hazard parameters in terms ofumadequivalent activity, internal and external hdzardices,
indoor absorbed dose rate and the annual effedtise in the building materials were all found toNs# below the
acceptable recommended limits. Therefore, the tifgese materials in construction of dwellings émsidered safe
for inhabitants of the study area according to OH8Z).

It is instructive to note that according to thereut results, the radiation dose delivery from thelding soil
samples is less compared to the cementitious bgildiaterials. It can then be inferred that, th& ttim the use of
soil to a modernized form of construction of dwads for this rural population means more radiolabic
consequence for the inhabitants, notwithstandiegdixclaration of the modernized materials as seferding to
the study.
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The results may not reflect a real situation inttithe use of soil in the construction of dwellings rural
communities is radiologically safe. For more actamanderstanding regarding this subject matter enstudies in
the assessment of cement and processed produbts aountry and building soils should be undertakéswever,
this study can be used as a reference for morengixte studies as the current results may serveahsble
information in this regard.
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