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Abstract. The natural radioactivity due to the presence of **°Ra, *>*Th and *“°K radionuclides
in Lao PDR cements was measured for the first time using a gamma-spectrometry with HPGe
detector. Two different types of cement produced by 4 local cement companies in Lao PDR have
been investigated. The specific radioactivity of **Ra, 3*Th and “°K in the investigated samples
ranged from 24.83+ 1.18 to 54.39 + 5.90 Bq kg~ with a mean of 37.76 + 10.71 Bq kg™, 6.63
+ 1.591t021.17 + 0.48 Bq kg~ with a mean of 13.77 + 5.85 Bq kg™ 'and 43.28 + 7.68 to 168.70
+ 3.34 Bg kg~ with a mean of 116.07 + 47.50 Bq kg~", respectively. The radium equivalent
activity (Raeq), the gamma-index, the external and internal hazard indices, Absorb Dose Rate in
Air (D) and Annual Effective Dose Equivalent (AEDE) were estimated for the radiation hazard
of the natural radioactivity in all cement samples. The obtained results were compared with the
corresponding values for cement of different countries. The calculated Ra., values of Lao PDR
samples are lower than the limit of 370 Bq kg~' set for building materials. The mean indoor
absorbed dose rate is slightly lower than the population-weighted average of 84 nGy h™" while
the corresponding effective dose was 79% less than the dose of 1 mSv y~'. The results obtained
in this study show no significant radiological hazards arising from using Lao PDR cement for
construction of houses.
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I. INTRODUCTION

Historical antecedents of studies conducted on natural radioactivity have established that the
presence of uranium (*38U) and thorium (**>Th) series and potassium (*°K) in various materials
constitute potential exposure to the global population. Although building materials act as a source
of radiation to the inhabitants in their dwellings, they also have the role of a shield against outdoor
radiation [1]. In the 233U series, the decay chain segment starting from radium (*2%Ra) is the
most important in terms of radiological hazard and, therefore, reference is often made to 226Rq
instead of 2*3U. The external exposure is caused by direct gamma radiation while the inhalation of
radioactive inert gases of radon (*?>Rn, a daughter product of >?°Ra) and thoron (>?°Rn, a daughter
product of 2?*Ra), and their short-lived secondary products lead to the internal exposure of the
respiratory tract to alpha particles. The specific activities of 2?°Ra, 2*?Th and “°K in the building
raw materials and products mainly depend on geological and geographical conditions as well as
geochemical characteristics of these materials. The worldwide average specific activities of >?°Ra,
232Th and “°K in the earth’s crust are estimated at 32, 45 and 420 Bq kg~ 1, respectively [2]. In
order to assess the radiological hazards to human health, it is important to study the radioactivity
levels emitted by these materials. The data obtained from that study are essential for development
of standards and guidelines concerning the use and management of building materials [3,4].

In Lao PDR as in many other developing countries, cement is also an important construction
material for house and building. It is used for general concrete work and blocks manufacturing as
well as for plastering the building wall, which made of bricks. However, detailed information of
the specific activities of 22°Ra, 2*Th and *°K in cement products and its raw materials in Lao PDR
is not yet studied and is not available so far. This study is a continuation of our ongoing project
related to the measurement of specific activity of 233U(*?°Ra), 23?Th and *°K in Lao building
materials using gamma-ray spectrometric technique and estimation of the gamma dose rate from
these radionuclides.

In this study, two common types of cement (portland and mixed) manufactured by 4 fa-
mous cement companies in Lao PDR were collected and their natural specific activities have been
determined. These data were used for evaluating the potential radiological hazards associated to
that materials by determining the radium equivalent activity (Ra,,), the gamma-index (I,), Annual
Effective Dose Equivalent (AEDE), Absorb Dose Rate in Air (D) and the external H,,and internal
H;,hazard indices. The results were compared with the corresponding reported values of cements
of different countries.

II. MATERIALS AND METHODS
II.1. Samples

In this research, a total of 80 samples of two types of cement were collected from 4 local
famous cement factories in Lao PDR. The name of cement companies, the type of cements used
for investigation and their symbols are presented in Table 1.

The samples, each about 0.4 kg in weight, were dried in a temperature controlled furnace
at 110°Cfor 24 hours to ensure that moisture was completely removed. After moisture removal,
these samples were cooled in moisture-free atmosphere and pulverized into powdered form. After
that the powdered samples were stored in tight plastic cylindrical containers (fit well to the volume
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Table 1. The name of cement companies, the type of cements used for investigation and
their symbols.

Name of cement company Type of cement Symbol
VangVieng Cement plant.IT Ilz/ﬁr;izngeﬁgletm é z
BMC Cement factory Golden Elephant-Laos i/ﬁzleaclngeiizim é zi
Lao Cement Industry.co., (Golden Elephant) i/ﬁrgleznge(;grlim ; :z
Lao Cement Industry.co.,LTD ;i’irf;ngecnfigint é E

of our detector) for 4 weeks to reach secular equilibrium between >2°Ra and 2*Rn and their decay
products.

IL.2. Natural radioactivity measurements

The radioactivity concentrations of radionuclides in collected cement samples were deter-
mined by a high resolution gamma-ray spectrometry using a coaxial cylinder n-type high pu-
rity germanium (HPGe) detector model No.GEM20P4-70 of ORTEC company with an efficiency
of 20% relative to a 3”x3” Nal(T1) scintillator detector. The energy resolution (FWHM) of the
gamma-ray spectrometer is about 1.8 KeV at energy peak of 1.33 MeV of ®°Co isotope, and a
peak-to-Compton ratio of 55:1. The detector was connected to a spectroscopy amplifier model
572A (ORTEC) and a computer based PCA-MR 8192 ACCUSPEC multi-channel analyzer. The
MAESTRO-32 multi-channel analyzer emulation software was used for data acquisition, storage,
display, online and off-line analysis of the gamma-spectra [5].

To prevent high background counts due to external radioactive sources, with the intention
to reduce the counting time and improve the detection limit, the detector is placed in a lowlevel
Canberra Model 747 lead shield having a thickness of 10 cm. The inner part of the lead shield is
covered with copper to reduce KXrays from lead.

Energy calibration of the detector was carried out by using two different sources ®°Co and
226Ra, which emit gamma-rays of energy ranged between 186.21 keV and 2447.86 ke V.

For the activity measurements, the samples were counted for a sufficiently long time in
order to obtain a good statistics. Each sample was measured for about 72,000.0 s. Measurements
with an empty sample container under identical conditions, were also carried out to determine the
ambient background in the laboratory site.

The specific radioactivity of “°K was determined directly by its own gamma-ray at 1460.8
keV (10.7%), while the specific activities of 22°Ra and >*>Th were calculated based on the weighted
mean value of their respective decay products in equilibrium. The specific radioactivity of >*°Ra
was determined using the 295.22 keV (18.5%), 351.93 keV (35.6%) gamma-rays from 214pp and
609.31 keV (45.49%), 768.36 keV (4.89%) 1120.14 keV (15.0%), 1764.43 keV (15.28%) from
214Bj. The specific radioactivity of 23>Th was determined using the 583.187 keV (85.0%), the
2614.511 keV (99.79%) from 2®T1 and 911.12 keV (25.8%) from **8Ac [6]. The value written
inside the parentheses following gamma-ray energy indicates the absolute emission probability of
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the gamma decay. The activity concentrations in each sample were determined by relative method
using the IAEA-RGU-1, IAEA-RGTh-1 and IAEA-RGK-1 reference materials, obtained from the
International Atomic Energy Agency (IAEA), for which the radioactivity concentrations of the
interested radioactive nuclides are known. The densities of the reference and investigated cement
samples are similar. Furthermore, the geometry of the containers of cement samples was iden-
tical to that of the reference materials IAEA-RGU-1, IAEA-RGTh-1 and IAEA-RGK-1). The
following equation has been used for calculating the specific activity of “°K, ??°Ra and ?**Th
radionuclides:

C M 1 — = 0-693tm/Ti 2
A= G Ms g Lme M
c. | — o~ 0:693/Ty o,

where:
A, is the activity concentration of radionuclide in the cement sample given in Bq kg™
Ay is the activity concentration of radionuclide in the standard given in Bq kg~ ';
C,, is the count rate obtained under the corresponding peak of cement sample (s~ ')
C, is the count rate obtained under the corresponding peak of standard sample (s~
M is mass of the standard sample in kg;
M, is mass of cement sample in kg;
tn 1s the measuring live time for the cement sample (s);
t; is the measuring live time for the standard sample (s);
T »,; is the half life of radioactive nuclide.

)

I1.3. Assessment of radiation hazard from Lao PDR cement

In our study, the radiological parameters such as the radium equivalent activity (Ra,) ,
the gamma index, the absorbed dose rate in air (D), the annual effective dose equivalent (AEDE),
the external and internal hazard index (H,, and H;,,) have been determined to assess the radiation
hazards associated with Lao PDR cement samples.

Radium equivalent activity (Ra,,)

The most widely used radiation hazard index is called the radium equivalent activity [7]
Ra,, which is a weighted sum of activities of the 3 radionuclides 226Ra, 232Th and “°K based on

following equation:
10 10
Ra,, =A — A — A 2
Ceg Ra+<7> Th+<130> K 2)

where Ag,, A7), and Ay are the specific activities of 22°Ra, 232Th, and *°K in Bqkg™!, respectively.
In the definition of Ra,,, it is assumed that 370 Bq kg~ 'of 22°Ra, 259 Bqkg ! of 2*2Th and 4810
Bqkg~! of K produce the same gamma-ray dose rate. The permissible maximum value of the
radium equivalent activity is 370 Bq kg~ !'which corresponds to effective dose of 1mSv for the
general public and to the radiation dose rate of 1.5 mGy y~' [2,8].

Gamma-index (I,) and alpha-index (1)

The activity concentration index [, (gamma index) was proposed by several investigators
for identifying whether the European Commission guidelines about building material usage are
met. In this study, the gamma-index was calculated as proposed by the European Commission
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[1,9-11,13] as follows:
_ Apa  Arn | Ag

I, =
Y7300 ' 200 ' 3000

where Ag,, A7, and Agare the specific activities of >*Ra, 23>Th and *°K in Bq kg~!, respectively.
The case of I, < 1 corresponds to an absorbed gamma dose rate less or equal to 1 mSv y~!, while
I, < 0.5 corresponds to a dose rate criterion of 0.3 mSv y~!. Thus the material with I, > 6 should
be avoided to use as building material because this value corresponds to the dose rate higher than
1 mSv y~! which is the highest recommended values [12,18]. Due to radon inhalation originated
from building material [19], the alpha index was proposed and it is determined using the following
formula:

3)

ARa

" 20084 k) ¥

where Ag, is the specify activity concentration of 2°Ra assumed in equilibrium with 233U. If I,
is less than 1 the cement is safe for building construction. This condition corresponds to the 2*°Ra
concentration being less than 200 Bq kg~!. As suggested by many countries in the world [20], the
recommended exemption level and the recommended upper level for 22°Ra activity concentration
in building materials are 100 Bq kg~' (I = 0.5) and 200 Bq kg~ !, (I, = 1.0), respectively.

Absorbed Dose Rate in Air D

In order to assess any radiological hazard, the exposure to radiation arising from radionu-
clides present in cement can be determined in terms of many parameters. A direct connection
between radioactivity concentrations of natural radionuclides and their exposure is known as the
absorbed dose rate in the air at 1 metre above the ground surface. The mean activity concen-
trations of 2?°Ra (of the 238U series), 2*>Th and *°K in Bq kg~! in the cement samples are used
to calculate the absorbed dose rate using a formula provided by UNSCEAR [2] and European
Commission [12] as follows:

D =0.92Ag, +1.1A7, +0.08A 5)

where D is the absorbed dose rate in nGy h™!, Aga, A7y, and Ay are the activity concentration of
226Ra (338U),732Th and “°K, respectively. The dose coefficients in units of nGy h~! per Bq kg~!
were taken from the UNSEAR (2000) report [2,8].

Annual Effective Dose Equivalent (AEDE)

The calculations of effective dose equivalent depend on the value of the absorbed dose rate
in air. To accomplish these calculations, account must be taken of the conversion coefficient from
absorbed dose rate in air to effective dose equivalent received by adult and occupancy fraction.
The values of these two parameters vary depending on the climate at the area considered and the
average age of the population. In the UNSCEAR 2008 report, the value of conversion coefficient
was 0.7 Sv Gy~! for male and female and to the indoor and outdoor, and the 0.2 for the outdoor
occupancy fraction. Therefore, the outdoor annual effective dose equivalent can be calculated by
the following formula [2,14]:

AEDE (uSv.y~') = D (nGy.h— 1) x 8760h x 0.8 x 0.75v.Gy ! x 107° (6)
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where, D (nGy h™!) is the total absorbed dose rate due to gamma radiations from materials con-
taining radionuclides of *Ra, 23Th, and 0.7 SvG y~! is the conversion coefficient from absorbed
dose in air to effective dose.

External and internal Hazard Indexes (H,. and H;,)

To limit the radiation exposure which is attributable to natural radionuclides in the cement
samples to the permissible dose equivalent limit of 1 mSv y~!, the external hazard index has been
introduced using a model proposed by Krieger [9] which is given as follows [2,15]:

i _ Ara  Amn Ak
“ 370 259 4810

In order to keep the radiation hazard insignificant, the value of external hazard index must
not exceed the limit of unity. The maximum value of H,, equal to unity corresponds to the upper
limit of radium equivalent activity of 370 Bq kg~'[9,16].

In addition to the external hazard, radon and its short-lived products are also hazardous to
the repository organs. To account for this threat the maximum permissible concentration for 2*’Ra
must be reduced to half of the normal limit (185 Bq kg~'). The internal exposure to radon and its
daughter progenies is quantified by the internal hazard index (H;,) which is given by the following
expression [17]:

)

Ara  Arn | Ax

H;, = — 8

"T185 1 259 4810 ®)

The values of the indexes H,, and H;, must be less than unity for radiation hazard to be
negligible.

III. RESULTS AND DISCUSSIONS

The range and the mean specific radioactivity values of 22°Ra, >*>Th and “°K together with
standard deviation as well as radium equivalent activity in two cement types produced by 4 local
famous cement factories in Lao PDR are presented in Table 2. For each symbol, five identical
cement samples were measured and the mean value of specific radioactivity was determined by
averaging the specific radioactivity values of these same samples.

The specific activity concentrations in the investigated cement types used in Lao PDR were
found to vary from 24.83 4 1.18 to 54.39 4+ 5.90 Bq kg~! for ?*Ra; 6.63 + 1.59 to 21.17 +
0.48 Bq kg~! for 232Th and 43.28 + 7.68 to 168.70 & 3.34 for “°K, respectively. While the
lowest activity concentration of >*°Ra was observed in 2K (Mixed cement) cement sample, the
highest value was in 1SV (Portland cement) one. For 232Th, the minimum value was in 2SV
(Mixed cement) and maximum was found in 2VT (Portland cement). For the case of “°K, the
2SV (Mixed cement) samples showed the lowest concentration, whereas 2VT (Portland cement)
samples showed the highest concentrations. As can be seen from Table 2, the specific activity
values of 2?°Ra, 2>2Th and “°K determined in cements of Lao PDR varied from one sample to
another. These variations in activity concentration of >?Ra, 23>Th and “°K in the investigated
cement types used in Lao PDR may depend on the 2°Ra, 23>Th and “°K content under the earth
crust from where the raw materials for particular brand of cement were made.

The mean specific activities of 23>Th and “°K obtained for the different brands of Lao PDR
cement were less than the average worldwide values of 45 and 412 Bq kg~! for 2*Th and “°K
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respectively, whereas the mean concentration of 226Ra values observed in 1V, 2V1, 1VT, 1SV and
2SV cement type were higher than its corresponding mean worldwide value of 32 Bq kg~'.

Table 2. The ranges and the average activity concentration of “°K, 238U and 23?Th and
radium equivalent activity for the assessed cement samples.

Sample Specific radioactivity (Bq kg~!) Ra,,
symbol

and type 238 (**%Ra) 232Th 40K (Bg/kg)
of cement

Range Mean Range Mean Range Mean

v 36.88 39.88 8.61 10.10 137.85 156.92 66.38
Portland | - 42.65 +2.19| -11.16 +£0.93 | —170.19 | =£10.94 +2.35
2V 30.68 38.83 7.83 9.67 83.14 126.99 62.41

Mixed | 4360 | 4491 | -1230| +1.57| -146.99| =+£22.07| =520

IVT 32.20 33.57 16.35 1737 | 127.55| 131.93 68.56
Portland | 3604 | 42.14| -18.12| +0.92| -136.73 +4.60 | +2.17

2VT 29.28 30.32 20.50 21.17 165.73 168.70 73.54
Mixed -31.65 +1.16 -21.65 +0.48 | -173.38 +3.34 +1.19

1SV 47.45 54.39 6.77 7.91 4346 45.22 69.17
Portland | 6019 | +590| —894| +097| —46.74| +£1.41| +5.90
2SV 47.69 51.74 5.19 6.63 33.12 43.28 64.54
Mixed | 5826 | +464| —845| 4+159| —51.71 +7.68 | +4.68

1K 25.02 28.55 20.39 20.73 135.98 141.83 69.07
Portland -32.17 +3.13 | -21.64 £0.61 | —144.21 +3.94 +3.14

2K 23.77 24.83 15.18 16.61 | 108.93 | 113.71 57.31
Mixed | 2636 | 41.18| -17.52| 4126 -118.65 +4.71 +1.23

Mean+SD 37.76 13.77 116.07 66.40
+10.71 +5.85 +47.50 +4.96

The distributions of ??°Ra, 23>Th and “°K in the cement samples are not uniform. Due
to this non uniformity of natural radionuclides in the investigated cement samples, the radium
equivalent activity (Ra,,) was calculated to compare the specific activities of the studied cement
samples and the results are summarized in table 2 as well. In all the cement samples, the Ra,,
values vary from 57.31 to 73.54 Bq kg~! with a mean of 66.40 + 4.96 Bq kg~'. It is observed
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that the Ra,, values for all the studied samples are lower than the recommended maximum value
of 370 Bq kg~ !, which corresponds to an annual effective dose of 1mSv. Thus, these samples are
within the recommended safety limit when they are used as building materials and products.

Table 3. Comparison between the average activity concentrations (in Bq kg~!) of Lao
PDR cement with those of some other countries in the world.

Country Activity concentration (Bq kg~ !) Bq kzeielq) References
226R, 2327, 40K
Australia 51.50 48.10 114.7 129.4 [7]
Turkey 40 28.00 248.3 99.1 [16]
Ghana 35.94 25.44 251.00 90.12 [15]
China 56.50 36.50 173.2 122.0 [21]
Brazil 61.70 58.50 564 188.80 [22]
Italy 38.00 22.00 218 92 [23]
Turkey 50 40 324 62-324 [19]
Vietnam 39.86 25.46 243.5 [24]
wron || pnl mewl ew] e

The comparison of the value of 226Ra, 232Th and “°K and radium equivalent (Ra,,) ac-
tivities in the cement samples collected in Lao PDR with the same data of cements from other
countries was made. In Table 3, the mean values of specific radioactivity of 226Rq, 32Th, 40K and
Ra,,determined for cement samples are compared with the corresponding values determined in
other countries, all of the observed valued values of 22°Ra, 232Th, 4°K and Ra,, were lower than
the reported data of other countries.

Table 4 shows the following calculated parameters for the studied cement samples: indoor
gamma dose rate (D), annual effective dose equivalent (AEDE) from indoor terrestrial gamma
radiation, internal (H;,) and external (H,,) hazard indices and the gamma activity index (Iy) and
alpha (Iy). It can be seen from this table that the estimated indoor gamma dose rate (D) values for
the investigated cement samples range from 50.21 to 64.68 nGy h~! with a mean of 59.18 + 4.37
nGy h~!. This mean value of indoor gamma dose rate of Lao PDR cement samples is lower than
the word average (populated-weighted) indoor absorbed gamma dose rate of 84 nGy h=![2,13].

The annual effective dose equivalent (AEDE) from indoor terrestrial gamma radiation for
the studied cement samples were calculated and presented in the third column of Table 4. These
values vary from 0.25 to 0.32 mSv y~! with a mean of 0.29 4 0.02 mSv y~!. The concentration
of Naturally Occurring Radioactive Materials (NORM) together with the radon exhalation rate,
determines the total chronic (prolonged) radiation dose of building materials to the general public.
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Itis noted that the average annual effective dose equivalent is about 79% less than the dose criterion
1 mSv y~'[25].

The internal (H;;) and external (H,,) hazard indices for the investigated cement samples
were estimated and presented in Table 3. The internal (H;,) hazard indices vary from 0.22 to 0.33
with a mean of 0.28+0.03 while the internal external (H,,) hazard indices vary from 0.15 to 0.20
with a mean of 0.184+ 0.02. These indices are, less than unity as required by the above-mentioned
index formulae, therefore these cements are regarded as safe for construction purposes.

To assess safety requirement for building materials, the gamma activity index (I) and alpha
activity index (I ) are used. They were evaluated and presented in Table 4 in the two last columns.
The obtained values for the gamma activity index I,vary from 0.20 to 0.26 with a mean of 0.23
4 0.02. The values of alpha activity index Igrange from 0.12 to 0.27 with a mean of 0.19 +
0.05. The obtained values of gamma activity indexes in all Lao PDR cement samples were within
the exemption dose criterion (0.3 mSv y~!) and corresponds to an activity concentration index of
I, <0.5 proposed for materials used in bulk construction [12]. The results obtained for alpha index
in all studied cement samples are lower than the unity. This indicates that the radon exhalation

from cement would cause indoor concentration less than 200 Bq cm 3.

Table 4. Value of Radiological Hazard Parameters of the investigated cement samples.

Sample D AEDE H,, H;, I, Ipo=1
symbol and (nGy h~1) | (mSv y
type of cement

1V 60.35+£2.42 | 0.304+0.01 | 0.18+0.01 | 0.29+0.01 | 0.24 £0.01 | 0.20£0.01
Portland

2V 56.52+5.15 | 0.284+0.03 | 0.174+0.02 | 0.274+0.03 | 0.22+0.02 | 0.19+0.02
Mixed

1VT 60.57+2.24 0.30+0.0 | 0.1940.01 | 0.284+0.01 | 0.244+0.01 | 0.174+0.01
Portland

2VT 64.68+1.22 | 0.32 +0.01 0.20+0.01 0.28+0.01 0.26+0.01 0.15+0.01
Mixed

1SV 62.36+5.53 | 0.314+0.03 | 0.1940.02 | 0.334+0.03 | 0.244+0.02 | 0.274+0.03
Portland

28V 58.36+4.65 | 0.294+0.02 | 0.17£0.01 | 0.31+£0.03 | 0.224+0.02 | 0.26+0.02
Mixed

1K 60.424+297 | 0.304+0.01 | 0.1940.01 | 0.264+0.02 | 0.25+0.01 | 0.14+0.02
Portland

2K 50.21£1.80 | 0.254+0.01 | 0.154+0.01 | 0.224+0.01 | 0.204+0.01 | 0.12 +0.01
Mixed

Mean+SD 59.18+4.37 | 0.294+0.02 | 0.184+0.02 | 0.284+0.03 | 0.23+0.02 | 0.19+0.05
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IV. CONCLUSIONS

The natural radioactivity due to the presence of 2*Ra, 2*>Th and *°K radionuclides in Lao
PDR cements was measured for the first time using a gamma-spectrometry with HPGe detector.
Two different types of cement produced by 4 local cement companies in Lao PDR have been
investigated. The average activity concentrations of the calculated and the observed mean activity
concentrations of 23>Th and *“°K are comparably lower than the typical world mean activity of 42
and 420 Bq kg~'. However the mean specific activity values of 2>Ra were lower than the world
average value of 32 Bq kg~! with the exception of the observed values in 1V, 2V, 1VT, 1SV and
2SV cement type which were relatively higher than the recommended average value.

The specific radioactivity of *Ra, 23>Th and *°K in the investigated samples ranged from
24.83 + 1.18 to 54.39 + 5.90 Bq kg~! with a mean of 37.76 & 10.71 Bq kg~!, 6.63 & 1.59
to 21.17 £ 0.48 Bq kg~! with a mean of 13.77 + 5.85 Bq kg~! and 43.28 + 7.68 to 168.70
+ 3.34 Bq kg~! with a mean of 116.07 + 47.50 Bq kg~!, respectively. The radium equivalent
activity (Ra,,), the gamma-index, the external and internal hazard indices, Absorb Dose Rate in
Air (D) and Annual Effective Dose Equivalent (AEDE) were estimated for the radiation hazard
of the natural radioactivity in all cement samples. The obtained results were compared with the
corresponding values for cement of different countries. The calculated Ra,, value (66.40 4= 4.96
Bq kg~!) of Lao PDR samples are lower than the limit of 370 Bq kg~! set for building materials.
The mean indoor absorbed dose rate is slightly lower than the population-weighted average of 84
nGy h~!while the corresponding effective dose was 79% less than the dose criterion of I mSv y~!.
The results obtained in this study show no significant radiological hazards arising from using Lao
PDR cement for construction of houses.
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