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This study is aimed at assessing radiation hazards associated with natural radioactivity in
common building materials used in Ho Chi Minh City, Vietnam. Thirty-six samples from
eighteen types of building materials were collected to measure activity concentrations using
the gross alpha/beta counting system and gamma-ray spectrometry. The gross alpha and
gross beta activity concentrations ranged from 94.7 + 31.3 to 1045.1 + 112.3 Bqkg! and
104.9 +4.7 to 834.4 £ 37.1 Bqkg!, respectively. In addition, the activity concentrations of
226Ra, 232Th, and 4K were also determined, which ranged from 4.1 + 0.1 to 53.5 + 0.4
Bqkg1,5.7+0.1to 83.6 0.8 Bqkg!, and 14.9 + 0.8 to 664.9 + 10.6 Bqkg!, respectively.
The indices including radium equivalent activity, external and internal radiation hazard,
gamma and alpha indices, activity utilization index, and annual effective dose, were calcu-
lated to evaluate the radiological hazards of natural radioactivity. The results showed that
these indices were below the recommended safety limits for most investigated samples ex-
cept six brick samples, whose activity utilization indexes are slightly higher than the safety
limit. Even so, all annual effective doses of the samples were found to be below the world av-

crage.
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INTRODUCTION

Nowadays, most building materials are made
from the natural resources from the environment, so
they contain natural radionuclides, mainly “°K, and the
series of 238U and 232Th. The use of such materials in
construction may lead to long-term exposure to haz-
ardous radiation that poses potential radiological risks
to human health. Exposure to a low level of gamma
rays can cause stochastic effects, and together with in-
haling radon and its progeny in indoor environments
increases the risk of lung cancers [1]. Therefore, as-
sessing the radiation hazards due to natural radioactiv-
ity in building materials is of great importance for the
safety and health of the general public. Over the years,
numerous studies have been conducted to evaluate ra-
dioactivity in many localities around the world [2-13].

* Corresponding authors, e-mail: vuonglq@hcmue.edu.vn
tamhd@hcmue.edu.vn

These studies have indicated that most conventional
building materials possess radiological hazard indices
within the maximum acceptable limits set by interna-
tional standards. However, significantly higher levels
of radioactivity have also been detected in some cases
[10, 14-18]. The use of materials with radioactivity ex-
ceeding the acceptable limit poses a considerable radi-
ation hazard to individuals. This implies that there
may be health risks related to radiation for the general
public if radiation levels in building materials are not
regularly monitored and evaluated. Furthermore,
these results showed that the variability of radioactiv-
ity is mainly dependent on the geochemical character-
istics of those materials. It is evident that collecting lo-
cal data is crucial to augment the international natural
radionuclide database of building materials, thereby
enriching our understanding of their distribution.

Ho Chi Minh City is by far the most populous
city in Vietnam and has undergone significant devel-
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opment in building construction in recent years. The
city's growing population and increasing urbanization
have driven the construction boom for housing and
public spaces. To fulfill the construction requirements,
there are numerous stores throughout the city that pro-
vide a wide range of building materials from diverse
origins. Therefore, it is crucial to conduct frequent as-
sessments and monitoring of radiation levels in the
building materials used in the city's construction sec-
tor. This process will provide valuable data that can be
used to develop regulatory guidelines aimed at ensur-
ing the safe utilization of these building materials.
Moreover, such measurements would help ensure
compliance with the regulations and standards of local
government, as well as guarantee the safety of the gen-
eral public. However, as far as we know, there is a scar-
city of literature that offers available and detailed in-
formation about radiation levels in the building
materials.

This work presents the current state of radioac-
tivity in several kinds of common building materials in
Ho Chi Minh City and evaluates potential radiation
hazards. To perform the study, the different materials
including cement, brick, sand, and rock were collected
from various locations in Ho Chi Minh City. Firstly,
the gross alpha/beta counting system was used for
screening radioactivity in these samples. Then, the ac-
tivity concentration of 2>°Ra, 2*?Th, and *°K was mea-
sured by a gamma-ray spectrometer using the high-pu-
rity germanium detector. The measured radioactivity
was used to calculate the radium equivalent activity,
the external and internal radiation hazard indices, the
alpha and gamma indices, and the annual effective
dose. Finally, the potential radiological hazards were
compared with the recommended values.

MATERIALS AND METHODS

Sampling and sample preparation

The samples investigated in this work have been
randomly collected from different stores supplying
raw building materials and construction dwellings in
Ho Chi Minh City, Vietnam. Thirty-six samples in-
cluding cement (sample codes 1-8), brick (sample
codes 9-16), sand (sample codes 17-34), and rock
(sample codes 35, 36) were packed in proper plastic
bags, labeled, and then transported to the laboratory as
soon as possible after collection. All collected samples
underwent grinding and milling until they reached a
fine powder consistency. The obtained powders were
homogenized by a sieving process to ensure a particle
size of less than 200 um. Then they were dried in a fur-
nace at 105 °C until their weight stabilized to ensure
that all moisture had been eliminated. Each sample
was divided into three parts, namely:

—  The first part was used to examine the concentra-
tion of elements by using the X-ray fluorescence

system (EDX 8000 model [19]) at the Center of
Analytical Services and Experimentation in Ho
Chi Minh City, Vietnam. The results are shown in
the Supplementary information.

— The part with approximately 250 g of dry mass
was deposited on a stainless steel planchet (diame-
ter of 2 inches, depth of 1/8 inch) and measured the
gross alpha and gross beta activity concentrations.

—  The third part was used to analyze the radioactivity
by using gamma-ray spectrometry. The samples
were packed into cylindrical polyethylene plastic
containers with dimensions of 47 mm in height,
75 mm in external diameter, and 1 mm in wall
thickness. The height of the powder sample to be
filled in the container is 20 mm. The containers
were tightly sealed with a plastic stopper of 1 mm
thickness so that no radon escaped from the sam-
ples. Finally, they were preserved in the laboratory
for at least 30 days to ensure radioactive equilib-
rium between ***Ra and **Th and their respective
daughter nuclides. This process has been proven to
be reliable for preparing geological samples
[20-22]. Information about the material type and
mass density of the samples after being filled in the
container is presented in tab. 1.

Gross alpha/beta measurements

The gross alpha and gross beta activity concentra-
tions were measured by using a low-background
XLB-S5 (Canberra). This detector includes a mixture of
10 % methane (P-10) and 90 % argon (type of gas flow
proportional counter) and operates with a high voltage of
1,515 V. The efficiency calibration for detectors was per-
formed by using ISO 17025:2017 standards [23]. Three
soil calibration samples containing the isotope of >*! Am

Table 1. Information about the material types and mass
density of the samples

Sample Materials Density |Sample Materials Densit
code [gem ] | code [gem ]
1 Cement 1.40 19 Sand 1.94
2 Cement 1.40 20 Sand 1.94
3 Cement 1.45 21 Sand 1.76
4 Cement 1.46 22 Sand 1.91
5 Cement 1.51 23 Sand 1.78
6 Cement 1.50 24 Sand 1.77
7 Cement 1.36 25 Sand 1.89
8 Cement 1.37 26 Sand 1.67
9 Brick 1.05 27 Sand 1.99
10 Brick 1.24 28 Sand 1.94
11 Brick 1.23 29 Sand 1.92
12 Brick 1.18 30 Sand 1.85
13 Brick 1.12 31 Sand 1.86
14 Brick 1.19 32 Sand 1.89
15 Brick 1.59 33 Sand 1.90
16 Brick 1.61 34 Sand 2.06
17 Sand 1.87 35 Rock 1.52
18 Sand 2.01 36 Rock 1.47
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the measurement of gross beta. The acquisition time of
the sample was set at 300 minutes while the measure-
ment time for the background of each detector was 1440
minutes by counting empty planchets. The efficiencies
for the alpha and beta measurements were 7.3 £ 0.3 %
and 42.2 £ 1.5 %, respectively.

Gamma spectrometry

The activity of radionuclides is measured by using
an HPGe detector with a relative efficiency of 50 %
(supplied by ORTEC, GEM50P4-83 model). This detec-
tor is a coaxial p-type with crystal dimensions of 77 mm
in length and 65.9 mm in diameter. It is installed within a
cylindrical low-background lead chamber, which in-
cludes the low-carbon steel, lead, tin, and copper
layers with thicknesses of 13 mm, 101 mm, 0.5 mm, and
1.6 mm, respectively. Maestro software [24] was used to
acquire photon energy up to 3000 keV in the gamma
spectrum with 16,384 channels. An acquisition time for
the gamma spectra of the background and samples was
set at 86,400 seconds. Colegram software [25] was used
to analyze the peak and the overlapping peaks of the
measured gamma spectrum.

The radioactivity is calculated by using the fol-
lowing equation
_ Ne(E)

ep(E;) L, (E;)mt

IIG; (1)

i

where Np (E) are the net peak areas, /, (E;) — the emis-
sion probability of separate gamma-rays, €p (E;) — the
full energy peak efficiency, m [kg] — the dry mass of
sample, ¢ [s] — the acquisition live time, and [1C; are the
self-absorption and coincidence summing corrections
(the change of self-absorption correction and coinci-
dence summing factors vs. energy were shown in figs.
1(a) and (b). The self-absorption coefficient was deter-
mined using the XCOM program with information on
the density and elemental composition of the sample
referenced in tab. 1 and the Supplementary informa-
tion. The coincidence coefficient was determined us-
ing the MCNP-CP program. The relative uncertainty
of the activity concentration is evaluated by using the
law of uncertainty propagation with the combined
standard uncertainties (k= 1) [26].

The average activity concentration and its uncer-
tainty are calculated in the following formulas
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Figure 1. The self-absorption factor (a) and the
coincidence summing factor (b) for the building
materials

s 3)

where 4; and u; are the activity concentration and abso-
lute uncertainty of i ™ isotopes, respectively.

In this work, the efficiency calibration for the
HPGe detector in the energy range from 46.5 keV to
2204.2 keV was obtained by using the RGU reference
sample. The coincidence summing correction factors
for radionuclides emitting cascade gamma rays were
computed by using the MCNP-CP code [27]. Further-
more, utilizing the XCOM database [28], the self-ab-
sorption correction factors were also calculated as in
our previous study [20].

Radiological hazards variables
The radium equivalent activity index Ra,, is
used to depict the specific activities of >*°Ra, 23*Th,

and “K isotopes and is calculated by the following
equation [29, 30]

Ra,, = Ag, + 14347, +00774¢ (4)
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where Ar, (qug’l), Ay (qug’l), and A (qug’l) are
the activity concentrations of 226Ra, ZTh, and 40K, re-
spectively.

According to the UNSCEAR [1], the dose con-
version coefficients, which were assessed for the stan-
dard room model (A standard room model is assumed
as aroom with the dimensions of4 m x 5 m x 2.8 m, the
wall thickness of 20 cm, and the density of uniformity
of material for the whole structure of 2.35 gecm™), are
0.92 for *?Ra, 1.1 for 23?Th, and 0.08 (nGyh™' per
Bqgkg ") for °K. The absorbed dose rate (D) was cal-
culated using the equation below [31]

D=092Ag, +11 Ap, +008 4y (5)

The annual effective dose (AED) was calculated
based on the absorbed dose rate as follows [1, 31]

AED=D-07-08-8760-10°° (6)

The external radiation hazard index H,, was de-
termined by using the eq. [31]

Apa A Ag
= + + 7
370 259 4810 @
The internal hazard index H,, controlled the
hazard due to inhalation of radionuclides in building
materials and was calculated by the eq. [31]

A Ra A Th A K
— + + 8
185 259 4810 ®
The external level index Iy for the interior and the

alpha radiation (I,) was calculated according to eqs.
(9) and (10) [31]

, :ARa +ATh + AK (9)
300 200 3000
A
[ =R 10
« =200 (10)

where I, =1 as an upper limit, I, <1 corresponds to
0.3 mSv per year, I, < 3 which corresponds to 1 mSv
per year [1].

An activity utilization index (AUI) was calcu-
lated based on the dose rates in the air from naturally
occurring radionuclides in building materials [13, 32]

A A A
AUL==2% fra + = i+ 5 S (D)
where fr, = 0.462, fr, = 0.604, and fx = 0.041 are the
fractional contributions to the total dose rate in the air
due to gamma radiation.

RESULTS AND DISCUSSION

Gross alpha and gross beta activity
concentrations

The results of gross alpha (GA) and gross beta
(GB) activity concentrations for thirty-six samples of
common building materials in Ho Chi Minh City, Viet-
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Figure 2. The gross alpha (a) and gross beta activity (b) in
the building material samples

nam are shown in fig. 2. The GB results for sample codes
27, and 28 are lower than the minimum detectable activ-
ity. The GA ranged from 94.7 +31.3 Bqkg ! to 1045.1 =
+112.3 Bqkg ™! with an average of409.5 + 62.2 Bqkg .
The GB ranged between 104.9 4.7 Bgkg ! and 834.4 +
+37.1 Bgkg™ with an average of 472.0 + 21.0 Bgkg™.
The International Atomic Energy Agency (IAEA) rec-
ommends a limit o450 Bq kg ' and 1000 Bgkg™' for GA
and GB in building materials, respectively [1]. In Viet-
nam, the maximum acceptable limits of GA and GB in
building materials are regulated by the Ministry of
Health. These limits are 500 Bgkg™' for GA and 1000
Bgkg™! for GB [33]. All GB results are lower than the
recommended values fig. 2(b). However, the GA activity
concentrations for the bricks (sample codes 9-16) were
higher than the limit values, fig. 2(a).

Activity concentrations of 226Ra, 23'zTh, K
in the building material

The 2*°Ra activity concentration was calculated
based on the activities of 2'4Pb (295.2keV, 351.9 ke V)
and 2'“Bi (609.3 keV, 1120 keV, 1764.5 keV) assum-
ing the secular equilibrium exists in the analysis/ana-
lysed sample. These results ranged from 4.4 + 0.1
Bgkg't053.5+0.4 Bgkg ' as shown intab. 2. In addi-
tion, tab. 2 also shows the activities of 2!1*Pb (238.6
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Table 2. Results of the activity concentration of *°Ra,
22Th, and “’K for the variety of building materials

. - o
Sample code 226/1::t1v1ty conc;g;r;tlon [Bgkg 40]K
1 383+0.3 19.6 £0.3 94.7£25
2 37.6+0.3 19.0+£0.3 102.6 £2.6
3 259£03 23.8£0.3 248.9+4.38
4 28.1+0.3 233403 2419 +£4.7
5 26.9£0.3 26.6 0.3 2264 +4.4
6 28.8£0.3 28.8+0.3 239.9 £4.7
7 535+04 32.0+04 2779£53
8 49.8 £0.4 345£04 263.5+4.9
9 51.2+0.5 83.6+0.8 516.6 £9.4
10 48.4+04 72.6 £0.7 512.0+£9.0
11 389104 59.1+£ 0.6 | 457.4+£83
12 42.1+£04 55.9+0.6 468.9 £ 8.5
13 329+£0.3 46.5+£0.5 | 600.1 +10.4
14 33.1+£0.3 439405 | 611.7+10.4
15 48.7+0.4 71.7£0.7 4493 +£7.7
16 48.5+0.4 67.4£0.6 4722+79
17 142+0.2 18.7+£0.2 269.2 +4.9
18 123+£0.2 172+ 02 | 258.0+4.7
19 10.4 +£0.1 12.1£0.2 351+£13
20 9.7+0.1 12.5+£0.2 345+1.3
21 19.8£0.2 259£03 354.7+6.2
22 16.9+£0.2 21.6+0.3 328.7+5.7
23 16.3£0.2 20.5£0.3 240.8 £4.6
24 16.4+£0.2 212403 245.6 £4.7
25 20.0£0.2 23.9+0.3 467.7+7.6
26 19.5+£0.2 24.1£0.3 440.6 +7.4
27 52+0.1 5.8+0.1 149 +£0.8
28 44+£0.1 6.9+0.1 15.8+0.9
29 145+0.2 126+0.2 203.4+£4.0
30 13.8+£0.2 149+£0.2 2093 £4.1
31 122+£0.2 14.8£0.2 1843 £2.0
32 13.9+£0.2 14.0£0.2 179.4+£3.7
33 9.6£0.2 9.9+0.2 397.1+£6.7
34 8.0+0.1 10.2+0.2 376.9+6.3
35 26.7£0.3 38.1+04 | 664.9+10.6
36 26.7£0.3 37.2£04 | 648.2£10.5

keV, 338.2 keV), 228Ac (911.2 keV, 969.0 keV), and
208T1 (583.2 keV). The average of the 23>Th activity
concentration was determined by using eq. (2) and
ranged from 5.8 + 0.1 Bgkg™' to 83.6 + 0.8 Bgkg ™.
The “°K activity concentration ranged from 14.9 + 0.8
Bgkg ' to 664.9+10.6 Bqkg™'. From the measured ac-
tivities in tab. 2, the minimum radioactivity was found
in the sand samples with codes 27, and 28. The gross
alpha and gross beta activities of such two samples are
also the smallest of the investigated samples.

Table 3 presents a comparison between the mea-
sured results and the results from previous studies in Iraq
[34], Japan [35], Egypt [36], China [9,10], India [11],
Iran [31, 37], Ethiopia [13], Poland [38], Spain [39], Ser-
bia [40], Canada [41], Europe [42], world average [43].

These results show that the level of natural radioactivity
for the building materials is lower than the world aver-
age, especially the result of *°K is very low when com-
pared to Iraq, China, Iran, Poland, Spain, and Serbia.
However, due to the sample size in this work not being
large enough, an increase with a greater sample size
should be considered in further work.

Assessment of radiological hazards

The results calculated of the radiological hazard
variables for the building materials are illustrated in
fig. 3. They were below 1 and had no marked effect on
health. The AUI was found to be in the range between
0.12 £ 0.01 and 1.52 £ 0.03. The AUI for the bricks
(sample codes 9-12, 15-16) were higher than 1 and it
would be the subject of future research.

The radium equivalent activity indicator Ra,, for
all studied building materials was under the limit value
(370 Bqkg™'), ranging from 14.9 +0.8t0210.5 £4.3
Bqkg™' . Its average was 92.4 + 1.8 Bqkg ™' and lower
than the results from Moharram ef al. [36], Lu et al.
[10], Ding et al. [9], Ravisankar et al. [11], Mas et al.
[39], but higher than the results from Buranurak and
Pangza [44]. Moreover, the absorbed dose rates were
in the range from 12.3 + 0.7 nGyh™! to 180.4 + 3.7
nGy . The calculated annual effective dose ranging
from 0.060 £ 0.003 mSv to 0.885 = 0.018 mSv is
shown in fig. 4. These results were lower than the rec-
ommended value of 1 mSv [1]. A positive correlation
between 2?°Ra, 232Th, and “°K activity concentrations
and radiological hazards for the building materials
(0.75 < r £0.97) is illustrated in tab. 4. These results
fit very well with previous research [31, 44-46]. In ad-
dition, the *2°Ra activity concentration is strongly cor-
related with >Th (»=0.83) and moderately correlated
with 40K (7= 0.41).

The strength of the correlation for the absolute
value of r: 0-0.19 very weak, 0.20-0.39 weak,
0.40-0.59 moderate, 0.60-0.79 strong, 0.80-1.0 very
strong, minus is a negative correlation and plus is a
positive correlation [45, 46].

The p-value is calculated by Excel software,
where % value < 0.01, ®p value < 0.05, and °p value >
0.05. Bold values indicate strong and very strong cor-
relations. Italic values indicate weak and very weak
correlations.

CONCLUSION

In this work, the radioactivities for various
building materials and their potential radiological haz-
ards in Ho Chi Minh City (Vietnam) were determined.
The observation values of the H,,, and H;, ranged
from 0.038 £0.002 to 0.568 £ 0.012 and from 0.052
+0.003 t0 0.707 £ 0.015, respectively. For the gamma
index (I,) and the alpha index (I,,), the calculation val-



L. Q. Vuong, et al., Assessing Radiation Hazards Associated with Natural ...
Nuclear Technology & Radiation Protection: Year 2023, Vol. 38, No. 1, pp. 30-38

35

Table 3. Comparison of activity concentration of 26Ra and ***Th series and “’K for samples in

the present study to the other research

Activity concentration [Bqkg ']
Research 26p, B2 a0
Present work (44+0.1)— (53.5+0.4) (5.8+0.1)—(83.6+0.8) (14.9 + 0.8) — (664.9 + 10.6)
Iraq [34] (33.0+£1.9)-(179.3£2.9) (1.9+0.2)-(17.43 £0.47) (108.7 £3.2) - (977.8 £ 10.1)
Japan [35] 0.8 -320 0.4 -200 1-1100
Egypt [36] (142 £0.3) — (60.6 £ 1.1) (2.75 £ 0.01) — (84.7 £ 0.5) (7.35 £0.03) — (554.4 £ 3.9)
China [9] 19.8-87.4 11.6 —47.7 2733 -981.2
China [10] (32.5+21.6) — (233.1 £ 8.6) (17.2 £ 6.8) — (49.3 £ 10.8) (249.6 + 22.8) — (795.5 + 29.1)
India [11] 2-89 25 -359 103 — 634
Iran [37] 23-93 24-118 462 — 1190
Iran [31] (6.7 £ 1.0) — (43.6 + 9.0) (5.9 +1.0)— (60.1 + 11.0) (28.5+3.0)— (1085 + 113)
Ethiopia [13] (20.2 £0.9) - (35.6 £ 4.9) (10.1 £0.6) — (50.3 + 6.4) (44.1 £ 1.0) — (406.8 £ 6.7)
Poland [38] 5-52 7-71 520 — 1560
Spain [39] (1.8+0.3) — (181 £ 10) (3.5+£2.1) — (185 £ 10) (67  11) — (4530 + 200)
Serbia [40] (5+2)— (311 +£43) (7+2)— (887 £18) (17 + 6) — (2643 + 264)
Canada [41] 28 28 641
Europe [42] 7-272 4-138 17 - 805
World average [43] 35 30 400
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Figure 3. Comparison of the external hazard index,

the internal hazard index, the external level index, the
internal level index, and the activity utilization index
with the limit value (represented by a line)

ues ranged from 0.049 + 0.003 to 0.760 £ 0.016 and
from 0.022 £0.001 to 0.268 £ 0.001, respectively. Al-
though the estimated activity utilization index AUI
had a maximum value of 1.52 £+ 0.03, the average of
the AUI was 0.62 £0.01. Most of the indices H.,, Hy,.
L, 1,, and AUI for the building materials were below 1
and were within the recommended safety limit. The
maximum value of the Ra,, was 210.4 £ 4.3 Bqkg!
which was lower than the limit value (370 Bgkg™).
The absorbed dose rate of all investigated building ma-
terials ranged from 6.2 + 0.4 nGyh™! to 95.6 + 2.0
nGyh ™! with an average 0f43.3 £0.9nGyh ! . The cal-
culated values of the AED ranged from 0.0076 *
+ 0.0005 mSvto00.1173 £0.0024 mSv with an average
0f 0.040 £ 0.001 mSv. These results were lower than
the world average value [1] and were a good agree-
ment with the relevant regulations of the Ministry of
Health in Vietnam [33].

Figure 4. The annual effective dose for natural
radioactivity of the building materials

Table 4. Pearson correlation coefficient of

parameters (n = 36)
3?’;; (t})r;;s 26Ra| *2Th | “K | Ra |Dose
Gross alpha
Gross beta | 0.80°
2Ra 0.31°] 0.05°
B2Th —0.19°|-0.35"] 0.83°
K —0.32°|-0.56"| 0.41°| 0.64°
Rag —0.10°|-0.33"1 0.86" | 0.97" |0.75"
Dose —0.11°|—0.35°| 0.85"| 0.97" |0.77*|1.00"
AED —0.11°1-0.35°| 0.85* | 0.97"0.77"1.00 1.00"
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Sample Concentration element [%)]
code | Ca Si Al S Fe [Mg| K | Ti [Mn | Sr |Cu|Zn | Zr | V Y |Rb|Nb| Cr |[Ga| Ni |Ag| Ir O
1,2 48.693| 7.954 |2.923|1.455(1.769|1.207|0.433|0.211]0.062 0.049/0.018|0.017]0.011]0.007|0.003|0.004 35.186
3,4 [31.709] 14.145|5.381 | 1.394 |4.285/1.8380.844|0.620| 0.1600.046|0.007|0.008|0.014 0.002/0.005(0.003|0.070 39.469
5,6 [35.550|13.068 |4.839|1.052|4.434|1.069|0.8600.487|0.192 [0.036]0.0080.010|0.013]0.016|0.002|0.005 0.087 38.272
7,8 [37.281/13.197|4.510|1.518|1.566|1.962(0.950|0.177]0.084 |0.091|0.007|0.004|0.010|0.007{0.004 |0.005 38.627
9,10 31.437[13.034/0.052|3.670 1.421]0.497(0.017 |0.004 0.004/0.018]0.017 0.002]0.009 10.001] 49.818
11,12 10.363 129.274 [14.231]0.085 |4.859 1.218]0.668/0.027 |0.004 0.005]0.016|0.024{0.003 0.014 0.004 0.005}49.200
13,14 | 0.181 | 29.048 [14.438 5.160 1.664(0.431]0.019 |0.004 0.017/0.013/0.021/0.005 0.013 0.003 48.983
15,16 | 0.137 | 31.990 [12.2420.042|3.299|0.392|1.3480.544|0.022 |0.004 0.006/0.018/0.019|0.004|0.001|0.002/0.012 0.001/0.003 49.913
17,18 |1.617|39.601 |4.307|0.085|1.817 1.280]0.159/0.060 |0.008 0.003 0.001]0.003 0.021 51.038
19,20 |0.029 | 43.065 |3.493|0.042]0.316 0.235|0.113]0.005 0.004 0.021 0.009) 52.668
21,22 |0.367 | 38.423 16.7280.051 |1.513 1.455|0.173]0.031 |0.0050.005/0.002|0.011 0.001]0.005 0.018 0.009) 51.203
23,24 (2.205|36.527 |6.317|0.110|3.247 1.051/0.208]0.0770.010 0.0040.010/0.006|0.002 0.027 50.199
25,26 |0.239 | 38.8326.100|0.071 1.553 1.744/0.200/0.026 |0.005|0.005/0.002 |0.010 0.001/0.006 0.021 51.185
27,28 43.712(2.959]0.055|0.265 0.064|0.050/0.003 0.002 0.002 0.039 52.849
29, 30 42.139|3.64310.260|0.284 1.274/0.091{0.005 |0.002|0.005 0.007 0.001]0.003 0.027 0.012) 52.249
31,32 (0.081|41.889|4.081|0.126|0.440 1.016/0.107]0.011{0.003|0.004 0.008 0.003 0.023 52.209
33,34 10.07340.370|4.529|0.183|1.382 1.754/0.115|0.015]0.003|0.004/0.002 0.00210.005 0.036 0.009) 51.519
35,36 | 2.71829.300 [11.163/0.140 |3.929| 1.854|2.030(0.388| 0.059 |0.015 0.005/0.019(0.017|0.003 0.012 48.348
ing — original draft. L. D. Nhat: Formal analysis. H. D. [71  Lu, X, Yang, G, Ren, C., Natural Radioactivity and
Tam: Conceptualization, formal analy — is, project ad- Radiological Hazards of Building Materials in
.. . .. . e Xianyang, China, Radiation Physics and Chemistry,
ministration, ertmg — review & e@1tlpg. T. T. Thanh: 81 (2012), pp. 780-784
Formal analysis. V. T. Minh: Investigation. L. D. Hung: [8] Ravisankar, R., et al., Measurement of Natural Radio-
Investigation. P. L. Ho: Formal analysis. Tao C. V.: For- activity in Building Materials of Namakkal, Tamil
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Jle Kyanr BYOHTI, Xyun qun YYOHI, Jlam Iyn HAT, Xoanr Iyk TAM,
Tpan Tuen TAH, By Tyan MUH, JIe Iun XYHTI, I1an Jlonr XO, Yay Ban TAO

INPOIEHA OITACHOCTU O] 3PAYEIA ITOBE3AHUX CA
NPUPOJHOM PAINOAKTUBHOIIRLY ¥ I’'PABEBUHCKUM
MATEPUJAJIMMA Y XO I MUHY, BUJETHAM

Paj nma 3a nusb MpoLieHY OMTACHOCTH O 3padueha IIOBE3aHNX ca IPUPOTHOM PaIMOaKTUBHOIIhY ¥
yobuuajeHnM rpaheBrHCKIM MaTepurjaInMa koju ce Kopucre y Xo Illlnu Muny, Bujernam. CakymbeHo je 36
y3opaka u3 18 Bpcra rpabeBmHCKOr MaTepujaiia jla OM ce HW3MepwWiie KOHIEHTpAIje aKTUBHOCTH
KopuirtheleM yKymHor anda m 6eTa cucreMa Opojara W CIEKTPOMETpHje TaMa 3padcia. YKYIHE
KOHIeHTpauuje anda u 6eTa akTHBHOCTH KpeTadie ¢y ce o 94.7+31.3 10 1045.1 +112.3 Bqkg ' n 104.9+4.7
n0 834.4+37.1 Bqgkg ™', pecniektugro. [Topes Tora, yrBpheHe cy u KoHleHTpanuje aktusHoct 2°Ra, 2> Thu
40K xoje cy ce kperaine y paciiony of 4.1 +0.11053.5+0.4 Bgkg 1,5.7+0.1 10 83.6 0.8 Bgkg ' n 14.9+0.8 1o
664.9 +£10.6 Bgkg ™', pecniekTuBHO. IHIEKCH KOjH YKIbY1Y]y EKBUBAJIECHTHY AKTHBHOCT PaljyMa, OIaCHOCT
O] CHOJBbAIIET U YHYTPAIIbET 3paucka, raMa u ajda WHAeKCe, WHIEKC KOpHUInheha aKTHBHOCTH U
TOAMIIKY €(PeKTUBHY 7103y, U3pPAUYyHATH Cy Aa OM ce MPOICHMUIIEC PAaAMONIOILIKE OMNACHOCTU IPUPOJHE
pafnoakTHBHOCTH. Pe3ynTaTu cy mokasaiu a ¢y OBH HH/EKCH HCIION IPENOPYyICHUX rpaHnia 6€36eTHOCTH
3a BehWHYy HCIUTHBAaHUX y30paKa OCHM IIECT y30paKa IUIJIe, YAjH Cy HHEKCH NCKOPHITheha aKTHBHOCTH
HemTo Behu of rpanuie 6e36egqHocTr. Yak m Tako, yTBphHEHO je fja cy cBe rOfMIbe e(DeKTHBHE 03¢
y30paka HCIOJ CBETCKOT IPOCeKa.

Kwyune peuu: Zpabesuncku maitiepujan, yKyiuHo asgha u beitia 3payerve, zama cilekipometupuja,
UpupoOHa paouoaxkiiu8HOC, paoujayuoHa OUAcCHOCI




