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This study is aimed at as sess ing ra di a tion haz ards as so ci ated with nat u ral ra dio ac tiv ity in
com mon build ing ma te ri als used in Ho Chi Minh City, Viet nam. Thirty-six sam ples from
eigh teen types of build ing ma te ri als were col lected to mea sure ac tiv ity con cen tra tions us ing
the gross al pha/beta count ing sys tem and gamma-ray spec trom e try. The gross al pha and
gross beta ac tiv ity con cen tra tions ranged from 94.7 ± 31.3 to 1045.1 ± 112.3 Bqkg–1 and
104.9 ± 4.7 to 834.4 ± 37.1 Bqkg–1, re spec tively. In ad di tion, the ac tiv ity con cen tra tions of
226Ra, 232Th, and 40K were also de ter mined, which ranged from 4.1 ± 0.1 to 53.5 ± 0.4
Bqkg–1, 5.7 ± 0.1 to 83.6 ± 0.8 Bqkg–1, and 14.9 ± 0.8 to 664.9 ± 10.6 Bqkg–1, re spec tively.
The in di ces in clud ing ra dium equiv a lent ac tiv ity, ex ter nal and in ter nal ra di a tion haz ard,
gamma and al pha in di ces, ac tiv ity uti li za tion in dex, and an nual ef fec tive dose, were cal cu -
lated to eval u ate the ra dio log i cal haz ards of nat u ral ra dio ac tiv ity. The re sults showed that
these in di ces were be low the rec om mended safety lim its for most in ves ti gated sam ples ex -
cept six brick sam ples, whose ac tiv ity uti li za tion in dexes are slightly higher than the safety
limit. Even so, all an nual ef fec tive doses of the sam ples were found to be be low the  world av -
er age.
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IN TRO DUC TION

Now a days, most build ing ma te ri als are made
from the nat u ral re sources from the en vi ron ment, so
they con tain nat u ral radionuclides, mainly 40K, and the 
se ries of 238U and 232Th. The use of such ma te ri als in
con struc tion may lead to long-term ex po sure to haz -
ard ous ra di a tion that poses po ten tial ra dio log i cal risks
to hu man health. Ex po sure to a low level of gamma
rays can cause sto chas tic ef fects, and to gether with in -
hal ing ra don and its prog eny in in door en vi ron ments
in creases the risk of lung can cers [1]. There fore, as -
sess ing the ra di a tion haz ards due to nat u ral ra dio ac tiv -
ity in build ing ma te ri als is of great im por tance for the
safety and health of the gen eral pub lic. Over the years,
nu mer ous stud ies have been con ducted to eval u ate ra -
dio ac tiv ity in many lo cal i ties around the world [2-13].

These stud ies have in di cated that most con ven tional
build ing ma te ri als pos sess ra dio log i cal haz ard in di ces
within the max i mum ac cept able lim its set by in ter na -
tional stan dards. How ever, sig nif i cantly higher lev els
of ra dio ac tiv ity have also been de tected in some cases
[10, 14-18]. The use of ma te ri als with ra dio ac tiv ity ex -
ceed ing the ac cept able limit poses a con sid er able ra di -
a tion haz ard to in di vid u als. This im plies that there
may be health risks re lated to ra di a tion for the gen eral
pub lic if ra di a tion lev els in build ing ma te ri als are not
reg u larly mon i tored and eval u ated. Fur ther more,
these re sults showed that the vari abil ity of ra dio ac tiv -
ity is mainly de pend ent on the geo chem i cal char ac ter -
is tics of those ma te ri als. It is ev i dent that col lect ing lo -
cal data is cru cial to aug ment the in ter na tional nat u ral
radionuclide da ta base of build ing ma te ri als, thereby
en rich ing our un der stand ing of their dis tri bu tion.

Ho Chi Minh City is by far the most pop u lous
city in Viet nam and has un der gone sig nif i cant de vel -
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op ment in build ing con struc tion in re cent years. The
city's grow ing pop u la tion and in creas ing ur ban iza tion
have driven the con struc tion boom for hous ing and
pub lic spaces. To ful fill the con struc tion re quire ments, 
there are nu mer ous stores through out the city that pro -
vide a wide range of build ing ma te ri als from di verse
or i gins. There fore, it is cru cial to con duct fre quent as -
sess ments and mon i tor ing of ra di a tion lev els in the
build ing ma te ri als used in the city's con struc tion sec -
tor. This pro cess will pro vide valu able data that can be
used to de velop reg u la tory guide lines aimed at en sur -
ing the safe uti li za tion of these build ing ma te ri als.
More over, such mea sure ments would help en sure
com pli ance with the reg u la tions and stan dards of lo cal
gov ern ment, as well as guar an tee the safety of the gen -
eral pub lic. How ever, as far as we know, there is a scar -
city of lit er a ture that of fers avail able and de tailed in -
for ma tion about ra di a tion lev els in the build ing
ma te ri als.

This work pres ents the cur rent state of ra dio ac -
tiv ity in sev eral kinds of com mon build ing ma te ri als in 
Ho Chi Minh City and eval u ates po ten tial ra di a tion
haz ards. To per form the study, the dif fer ent ma te ri als
in clud ing ce ment, brick, sand, and rock were col lected 
from var i ous lo ca tions in Ho Chi Minh City. Firstly,
the gross al pha/beta count ing sys tem was used for
screen ing ra dio ac tiv ity in these sam ples. Then, the ac -
tiv ity con cen tra tion of 226Ra, 232Th, and 40K was mea -
sured by a gamma-ray spec trom e ter us ing the high-pu -
rity ger ma nium de tec tor. The mea sured ra dio ac tiv ity
was used to cal cu late the ra dium equiv a lent ac tiv ity,
the ex ter nal and in ter nal ra di a tion haz ard in di ces, the
al pha and gamma in di ces, and the an nual ef fec tive
dose. Fi nally, the po ten tial ra dio log i cal haz ards were
com pared with the rec om mended val ues.

MA TE RI ALS AND METH ODS

Sam pling and sam ple prep a ra tion

The sam ples in ves ti gated in this work have been
ran domly col lected from dif fer ent stores sup ply ing
raw build ing ma te ri als and con struc tion dwell ings in
Ho Chi Minh City, Viet nam. Thirty-six sam ples in -
clud ing ce ment (sam ple codes 1-8), brick (sam ple
codes 9-16), sand (sam ple codes 17-34), and rock
(sam ple codes 35, 36) were packed in proper plas tic
bags, la beled, and then trans ported to the lab o ra tory as
soon as pos si ble af ter col lec tion. All col lected sam ples 
un der went grind ing and mill ing un til they reached a
fine pow der con sis tency. The ob tained pow ders were
ho mog e nized by a siev ing pro cess to en sure a par ti cle
size of less than 200 µm. Then they were dried in a fur -
nace at 105 °C un til their weight sta bi lized to en sure
that all mois ture had been elim i nated. Each sam ple
was di vided into three parts, namely:
– The first part was used to ex am ine the con cen tra -

tion of el e ments by us ing the X-ray flu o res cence

sys tem (EDX 8000 model [19]) at the Cen ter of
An a lyt i cal Ser vices and Ex per i men ta tion in Ho
Chi Minh City, Viet nam. The re sults are shown in
the Sup ple men tary in for ma tion.

– The part with ap prox i mately 250 g of dry mass
was de pos ited on a stain less steel planchet (di am e -
ter of 2 inches, depth of 1/8 inch) and mea sured the 
gross al pha and gross beta ac tiv ity con cen tra tions.

– The third part was used to an a lyze the ra dio ac tiv ity
by us ing gamma-ray spec trom e try. The sam ples
were packed into cy lin dri cal poly eth yl ene plas tic
con tain ers  with  di men sions  of 47  mm in height,
75 mm in ex ter nal di am e ter, and 1 mm in wall
thick ness. The height of the pow der sam ple to be
filled in the con tainer is 20 mm. The con tain ers
were tightly sealed with a plas tic stop per of 1 mm
thick ness so that no ra don es caped from the sam -
ples. Fi nally, they were pre served in the lab o ra tory
for at least 30 days to en sure ra dio ac tive equi lib -
rium be tween 226Ra and 232Th and their re spec tive
daugh ter nuclides. This pro cess has been proven to
be re li able for pre par ing geo log i cal sam ples
[20-22]. In for ma tion about the ma te rial type and
mass den sity of the sam ples af ter be ing filled in the
con tainer is pre sented in tab. 1.

Gross al pha/beta mea sure ments

The gross al pha and gross beta ac tiv ity con cen tra -
tions were mea sured by us ing a low-back ground
XLB-S5 (Can berra). This de tec tor in cludes a mix ture of
10 % meth ane (P-10) and 90 % ar gon (type of gas flow
pro por tional coun ter) and op er ates with a high volt age of
1,515 V. The ef fi ciency cal i bra tion for de tec tors was per -
formed by us ing ISO 17025:2017 stan dards [23]. Three
soil cal i bra tion sam ples con tain ing the iso tope of 241Am
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Ta ble 1. In for ma tion about the ma te rial types and mass
den sity of the sam ples

Sam ple
code Ma te ri als

Den sity
[gcm–3]

Sam ple
code Ma te ri als Den sity

[gcm–3]

1 Ce ment 1.40 19 Sand 1.94

2 Ce ment 1.40 20 Sand 1.94

3 Ce ment 1.45 21 Sand 1.76

4 Ce ment 1.46 22 Sand 1.91

5 Ce ment 1.51 23 Sand 1.78

6 Ce ment 1.50 24 Sand 1.77

7 Ce ment 1.36 25 Sand 1.89

8 Ce ment 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



(ac tiv ity of 5.1 ± 0.3 Bq) were mea sured to de ter mine the
ef fi ciency of the gross al pha mea sure ment. Also, three
soil  sam ples con tain ing  the  iso tope  of  90Sr (ac tiv ity of
5.3 ± 0.2 Bq) were used to de ter mine the ef fi ciency for
the mea sure ment of gross beta. The ac qui si tion time of
the sam ple was set at 300 min utes while the mea sure -
ment time for the back ground of each de tec tor was 1440
min utes by count ing empty plan chets. The ef fi cien cies
for the al pha and beta mea sure ments were 7.3 ± 0.3 %
and 42.2 ± 1.5 %, re spec tively.

Gamma spec trom e try

The ac tiv ity of radionuclides is mea sured by us ing 
an  HPGe  de tec tor  with  a  rel a tive  ef fi ciency of 50 %
(sup plied by ORTEC, GEM50P4-83 model). This de tec -
tor is a co ax ial p-type with crys tal di men sions of 77 mm
in length and 65.9 mm in di am e ter. It is in stalled within a
cy lin dri cal low-back ground lead cham ber, which in -
cludes  the  low-car bon  steel,  lead,  tin,   and   cop per  
lay ers  with  thick nesses of 13 mm, 101 mm, 0.5 mm, and
1.6 mm, re spec tively. Mae stro soft ware [24] was used to
ac quire pho ton en ergy up to 3000 keV in the gamma
spec trum with 16,384 chan nels. An ac qui si tion time for
the gamma spec tra of the back ground and sam ples was
set at 86,400 sec onds. Colegram soft ware [25] was used
to an a lyze the peak and the over lap ping peaks of the
mea sured gamma spec trum.

The ra dio ac tiv ity is cal cu lated by us ing the fol -
low ing equa tion
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where NP (Ei) are the net peak ar eas, Ig (Ei) – the emis -
sion prob a bil ity of sep a rate gamma-rays, eP (Ei) – the
full en ergy peak ef fi ciency, m [kg] – the dry mass of
sam ple, t [s] – the ac qui si tion live time, and PCi are the 
self-ab sorp tion and co in ci dence sum ming cor rec tions
(the change of self-ab sorp tion cor rec tion and co in ci -
dence sum ming fac tors vs. en ergy were shown in figs.
1(a) and (b). The self-ab sorp tion co ef fi cient was de ter -
mined us ing the XCOM pro gram with in for ma tion on
the den sity and el e men tal com po si tion of the sam ple
ref er enced in tab. 1 and the Sup ple men tary in for ma -
tion. The co in ci dence co ef fi cient was de ter mined us -
ing the MCNP-CP pro gram. The rel a tive un cer tainty
of the ac tiv ity con cen tra tion is eval u ated by us ing the
law of un cer tainty prop a ga tion with the com bined
stan dard un cer tain ties (k = 1) [26].

The av er age ac tiv ity con cen tra tion and its un cer -
tainty are cal cu lated in the fol low ing for mu las
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where Ai and ui are the ac tiv ity con cen tra tion and ab so -
lute un cer tainty of i th iso topes, re spec tively.

In this work, the ef fi ciency cal i bra tion for the
HPGe de tec tor in the en ergy range from 46.5 keV to
2204.2 keV was ob tained by us ing the RGU ref er ence
sam ple. The co in ci dence sum ming cor rec tion fac tors
for radionuclides emit ting cas cade gamma rays were
com puted by us ing the MCNP-CP code [27]. Fur ther -
more, uti liz ing the XCOM da ta base [28], the self-ab -
sorp tion cor rec tion fac tors were also cal cu lated as in
our pre vi ous study [20].

Ra dio log i cal haz ards vari ables

The ra dium equiv a lent ac tiv ity in dex Raeq is
used to de pict the spe cific ac tiv i ties of 226Ra, 232Th,
and 40K iso topes and is cal cu lated by the fol low ing
equa tion [29, 30]

Ra eq Ra Th K= + +A A A143 0077. . (4)
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Fig ure 1. The self-ab sorp tion fac tor (a) and the
co in ci dence sum ming fac tor (b) for the build ing
ma te ri als



where ARa (Bqkg–1), ATh (Bqkg–1), and AK (Bqkg–1) are
the ac tiv ity con cen tra tions of 226Ra, 232Th, and 40K, re -
spec tively.

Ac cord ing to the UNSCEAR [1], the dose con -
ver sion co ef fi cients, which were as sessed for the stan -
dard room model (A stan dard room model is as sumed
as a room with the di men sions of 4 m ́  5 m ́  2.8 m, the 
wall thick ness of 20 cm, and the den sity of uni for mity
of ma te rial for the whole struc ture of 2.35 gcm–3), are
0.92 for 226Ra, 1.1 for 232Th, and 0.08 (nGyh–1 per
Bqkg–1) for 40K. The ab sorbed dose rate (D) was cal -
cu lated us ing the equa tion be low [31]

D A A A= + +092 11 008. . .Ra Th K (5)

The an nual ef fec tive dose (AED) was cal cu lated
based on the ab sorbed dose rate as fol lows [1, 31]

AED = × × × ×D 07 08 8760 10 6. . – (6)

The ex ter nal ra di a tion haz ard in dex Hext was de -
ter mined by us ing the eq. [31]

H
A A A

ext
Ra Th K= + +

370 259 4810
(7)

The in ter nal haz ard in dex Hint con trolled the
haz ard due to in ha la tion of radionuclides in build ing
ma te ri als and was cal cu lated by the eq. [31]

H
A A A

int
Ra Th K= + +

185 259 4810
(8)

The ex ter nal level in dex Ig for the in te rior and the 
al pha ra di a tion (Ia) was cal cu lated ac cord ing to eqs.
(9) and (10) [31]

I Ra Th K
g = + +

A A A

300 200 3000
(9)

I Ra
a =

A

200
(10)

where Ig  = 1  as  an  up per  limit, Ig £ 1 cor re sponds to
0.3 mSv per year, Ig £ 3 which cor re sponds to 1 mSv
per year [1].

An ac tiv ity uti li za tion in dex (AUI) was cal cu -
lated based on the dose rates in the air from nat u rally
oc cur ring radionuclides in build ing ma te ri als [13, 32]

AUI Ra
Ra

Th
Th

K
K= + +

A
f

A
f

A
f

50 50 50
(11)

where fRa = 0.462, fTh = 0.604, and fK = 0.041 are the
frac tional con tri bu tions to the to tal dose rate in the air
due to gamma ra di a tion.

RE SULTS AND DIS CUS SION

Gross al pha and gross beta ac tiv ity
con cen tra tions

The re sults of gross al pha (GA) and gross beta
(GB) ac tiv ity con cen tra tions for thirty-six sam ples of
com mon build ing ma te ri als in Ho Chi Minh City, Viet -

nam are shown in fig. 2. The GB re sults for sam ple codes
27, and 28 are lower than the min i mum de tect able ac tiv -
ity. The GA ranged from 94.7 ± 31.3 Bqkg–1 to 1045.1 ±
±.112.3 Bqkg–1 with an av er age of 409.5 ±  62.2 Bqkg–1.
The GB ranged be tween 104.9 ± 4.7 Bqkg–1 and 834.4 ±
±.37.1 Bqkg–1 with an av er age of 472.0 ± 21.0 Bqkg–1.
The In ter na tional Atomic En ergy Agency (IAEA) rec -
om mends a limit of 450 Bq kg–1 and 1000 Bqkg–1 for GA 
and GB in build ing ma te ri als, re spec tively [1]. In Viet -
nam, the max i mum ac cept able lim its of GA and GB in
build ing ma te ri als are reg u lated by the Min is try of
Health. These lim its are 500 Bqkg–1 for GA and 1000
Bqkg–1 for GB [33]. All GB re sults are lower than the
rec om mended val ues fig. 2(b). How ever, the GA ac tiv ity
con cen tra tions for the bricks (sam ple codes 9-16) were
higher than the limit val ues, fig. 2(a).

Ac tiv ity con cen tra tions of 226Ra, 232Th, 40K
in the build ing ma te rial

The 226Ra ac tiv ity con cen tra tion was cal cu lated
based on the ac tiv i ties of 214Pb (295.2 keV, 351.9 keV)
and 214Bi (609.3 keV, 1120 keV, 1764.5 keV) as sum -
ing the sec u lar equi lib rium ex ists in the anal y sis/ana -
lysed sam ple. These re sults ranged from 4.4 ± 0.1
Bqkg–1 to 53.5 ± 0.4 Bqkg–1 as shown in tab. 2. In ad di -
tion, tab. 2 also shows the ac tiv i ties of 212Pb (238.6
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Fig ure 2. The gross al pha (a) and gross beta ac tiv ity (b) in 
the build ing ma te rial sam ples



keV, 338.2 keV), 228Ac (911.2 keV, 969.0 keV), and
208Tl (583.2 keV). The av er age of the 232Th ac tiv ity
con cen tra tion was de ter mined by us ing eq. (2) and
ranged from 5.8 ± 0.1 Bqkg–1 to 83.6 ± 0.8 Bqkg–1.
The 40K ac tiv ity con cen tra tion ranged from 14.9 ± 0.8 
Bqkg–1 to 664.9 ± 10.6 Bqkg–1. From the mea sured ac -
tiv i ties in tab. 2, the min i mum ra dio ac tiv ity was found
in the sand sam ples with codes 27, and 28. The gross
al pha and gross beta ac tiv i ties of such two sam ples are
also the small est of the in ves ti gated sam ples.

Ta ble 3 pres ents a com par i son be tween the mea -
sured re sults and the re sults from pre vi ous stud ies in Iraq
[34], Ja pan [35], Egypt [36], China [9,10], In dia [11],
Iran [31, 37], Ethi o pia [13], Po land [38], Spain [39], Ser -
bia [40], Can ada [41], Eu rope [42], world av er age [43].

These re sults show that the level of nat u ral ra dio ac tiv ity
for the build ing ma te ri als is lower than the world av er -
age, es pe cially the re sult of 40K is very low when com -
pared to Iraq, China, Iran, Po land, Spain, and Ser bia.
How ever, due to the sam ple size in this work not be ing
large enough, an in crease with a greater sam ple size
should be con sid ered in fur ther work.

Assessment of radiological hazards

The re sults cal cu lated of the ra dio log i cal haz ard
vari ables for the build ing ma te ri als are il lus trated in
fig. 3. They were be low 1 and had no marked ef fect on
health. The AUI was found to be in the range be tween
0.12 ± 0.01 and 1.52 ± 0.03. The AUI for the bricks
(sam ple codes 9-12, 15-16) were higher than 1 and it
would be the sub ject of fu ture re search.

The ra dium equiv a lent ac tiv ity in di ca tor Raeq for 
all stud ied build ing ma te ri als was un der the limit value 
(370 Bqkg–1 ), rang ing from 14.9  ± 0.8 to 210.5  ± 4.3
Bqkg–1 . Its av er age was 92.4 ± 1.8 Bqkg–1 and lower
than the re sults from Moharram et al. [36], Lu et al.
[10], Ding et al. [9], Ravisankar et al. [11], Mas et al.
[39], but higher than the re sults from Buranurak and
Pangza [44]. More over, the ab sorbed dose rates were
in the range from 12.3 ± 0.7 nGyh–1 to 180.4 ± 3.7
nGy–1. The cal cu lated an nual ef fec tive dose rang ing
from 0.060 ± 0.003 mSv to 0.885 ± 0.018 mSv is
shown in fig. 4. These re sults were lower than the rec -
om mended value of 1 mSv [1]. A pos i tive cor re la tion
be tween 226Ra, 232Th, and 40K ac tiv ity con cen tra tions
and ra dio log i cal haz ards for the build ing ma te ri als
(0.75 £  r  £ 0.97) is il lus trated in tab. 4. These re sults
fit very well with pre vi ous re search [31, 44-46]. In ad -
di tion, the 226Ra ac tiv ity con cen tra tion is strongly cor -
re lated with 232Th (r = 0.83) and mod er ately cor re lated 
with 40K ( r = 0.41).

The strength of the cor re la tion for the ab so lute
value of r: 0-0.19 very weak, 0.20-0.39 weak,
0.40-0.59 mod er ate, 0.60-0.79 strong, 0.80-1.0 very
strong, mi nus is a neg a tive cor re la tion and plus is a
pos i tive cor re la tion [45, 46].

The p-value is cal cu lated by Ex cel soft ware,
where ap value < 0.01, bp value < 0.05, and cp value >
0.05. Bold val ues in di cate strong and very strong cor -
re la tions. Italic val ues in di cate weak and very weak
cor re la tions.

CONCLUSION

In this work, the radioactivities for var i ous
build ing ma te ri als and their po ten tial ra dio log i cal haz -
ards in Ho Chi Minh City (Viet nam) were de ter mined.
The ob ser va tion val ues of the Hext and Hint ranged
from 0.038 ± 0.002 to 0.568 ± 0.012 and from 0.052 ±
±.0.003 to 0.707 ± 0.015, re spec tively. For the gamma
in dex (Ig) and the al pha in dex (Ia), the cal cu la tion val -
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Table 2. Results of the activity concentration of 226Ra,
232Th, and 40K for the variety of building materials

Sample code
Activity concentration [Bqkg–1]

226Ra 232Th 40K

1 38.3 ± 0.3 19.6 ± 0.3 94.7 ± 2.5

2 37.6 ± 0.3 19.0 ± 0.3 102.6 ± 2.6

3 25.9 ± 0.3 23.8 ± 0.3 248.9 ± 4.8

4 28.1 ± 0.3 23.3 ± 0.3 241.9 ± 4.7

5 26.9 ± 0.3 26.6 ± 0.3 226.4 ± 4.4

6 28.8 ± 0.3 28.8 ± 0.3 239.9 ± 4.7

7 53.5 ± 0.4 32.0 ± 0.4 277.9 ± 5.3

8 49.8 ± 0.4 34.5 ± 0.4 263.5 ± 4.9

9 51.2 ± 0.5 83.6 ± 0.8 516.6 ± 9.4

10 48.4 ± 0.4 72.6 ± 0.7 512.0 ± 9.0

11 38.9 ± 0.4 59.1 ±  0.6 457.4 ± 8.3

12 42.1 ± 0.4 55.9 ± 0.6 468.9 ± 8.5

13 32.9 ± 0.3 46.5 ± 0.5 600.1 ± 10.4

14 33.1 ± 0.3 43.9 ± 0.5 611.7 ± 10.4

15 48.7 ± 0.4 71.7 ± 0.7 449.3 ± 7.7

16 48.5 ± 0.4 67.4 ± 0.6 472.2 ± 7.9

17 14.2 ± 0.2 18.7 ± 0.2 269.2 ± 4.9

18 12.3 ± 0.2 17.2 ±  0.2 258.0 ± 4.7

19 10.4 ± 0.1 12.1 ± 0.2 35.1 ± 1.3

20 9.7 ± 0.1 12.5 ± 0.2 34.5 ± 1.3

21 19.8 ± 0.2 25.9 ± 0.3 354.7 ± 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 21.2 ± 0.3 245.6 ± 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 5.2 ± 0.1 5.8 ± 0.1 14.9 ± 0.8

28 4.4 ± 0.1 6.9 ± 0.1 15.8 ± 0.9

29 14.5 ± 0.2 12.6 ± 0.2 203.4 ± 4.0

30 13.8 ± 0.2 14.9 ± 0.2 209.3 ± 4.1

31 12.2 ± 0.2 14.8 ± 0.2 184.3 ± 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 ± 0.4 664.9 ± 10.6

36 26.7 ± 0.3 37.2 ± 0.4 648.2 ± 10.5



ues ranged from 0.049 ± 0.003 to 0.760 ± 0.016 and
from 0.022 ± 0.001 to 0.268 ± 0.001, re spec tively. Al -
though the es ti mated ac tiv ity uti li za tion in dex AUI
had a max i mum value of 1.52 ± 0.03, the av er age of
the AUI was 0.62 ± 0.01. Most of the in di ces Hext, Hint,
Ig, Ia, and AUI for the build ing ma te ri als were be low 1
and were within the rec om mended safety limit. The
max i mum value of the Raeq was 210.4 ± 4.3 Bqkg–1

which was lower than the limit value (370 Bqkg–1).
The ab sorbed dose rate of all in ves ti gated build ing ma -
te ri als ranged from 6.2 ± 0.4 nGyh–1 to 95.6 ± 2.0
nGyh–1 with an av er age of 43.3 ± 0.9 nGyh–1 . The cal -
cu lated val ues of the AED ranged from 0.0076 ±
±.0.0005 mSv to 0.1173 ± 0.0024 mSv with an av er age 
of 0.040 ± 0.001 mSv. These re sults were lower than
the world av er age value [1] and were a good agree -
ment with the rel e vant reg u la tions of the Min is try of
Health in Viet nam [33].

AU THORS¢ CON TRI BU TIONS

L. Q. Vuong: Con cep tu al iza tion, meth od ol ogy,
for mal anal y sis, writ ing – orig i nal draft. H. D. Chuong:
Con cep tu al iza tion, meth od ol ogy, for mal anal y sis, writ -
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Ta ble 3. Com par i son of ac tiv ity con cen tra tion of 226Ra and 232Th se ries and 40K for sam ples in
the pres ent study to the other re search

Re search
Ac tiv ity con cen tra tion [Bqkg–1]

226Ra 232Th 40K

Pres ent work (4.4 ± 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)

Ja pan [35] 0.8 – 320 0.4 – 200 1 – 1100

Egypt [36] (14.2 ± 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 – 47.7 273.3 – 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)

In dia [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)

Ethi o pia [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)

Po land [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)

Ser bia [40] (5 ± 2) – (311 ± 43) (7 ± 2) – (887 ± 18) (17 ± 6) – (2643 ± 264)

Can ada [41] 28 28 641

Eu rope [42] 7 – 272 4 – 138 17 – 805

World av er age [43] 35 30 400

Fig ure 3. Com par i son of the ex ter nal haz ard in dex,
the in ter nal haz ard in dex, the ex ter nal level in dex, the
in ter nal level in dex, and the ac tiv ity uti li za tion in dex
with the limit value (rep re sented by a  line)

Fig ure 4. The an nual ef fec tive dose for nat u ral
ra dio ac tiv ity of the build ing ma te ri als

Ta ble 4. Pearson cor re la tion co ef fi cient of
pa ram e ters (n = 36)

Gross
al pha

Gross
beta

226Ra 232Th 40K Raeq Dose

Gross al pha

Gross beta 0.80c

226Ra 0.31a 0.05a

232Th –0.19a –0.35a 0.83c

40K –0.32c –0.56b 0.41a 0.64a

Raeq –0.10a –0.33a 0.86a 0.97a 0.75a

Dose –0.11a –0.35a 0.85a 0.97b 0.77a 1.00a

AED –0.11a –0.35a 0.85a 0.97a 0.77a 1.00a 1.00a
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Le Kuang VUONG, Huin Din ^UONG, Lam Dui NAT, Hoang Duk TAM,
Tran Tien TAN, Vu Tuan MIN, Le Din HUNG, Pan Long HO, ^au Van TAO

PROCENA  OPASNOSTI  OD  ZRA^EWA  POVEZANIH  SA
PRIRODNOM  RADIOAKTIVNO[]U  U  GRA\EVINSKIM

MATERIJALIMA  U  HO  [I  MINU,  VIJETNAM

Rad ima za ciq procenu opasnosti od zra~ewa povezanih sa prirodnom radioaktivno{}u u 
uobi~ajenim gra|evinskim materijalima koji se koriste u Ho [i Minu, Vijetnam. Sakupqeno je 36
uzoraka iz 18 vrsta gra|evinskog materijala da bi se izmerile koncentracije aktivnosti
kori{}ewem ukupnog alfa i beta sistema brojawa i spektrometrije gama zra~ewa. Ukupne
koncentracije alfa i beta aktivnosti kretale su se od 94.7 ± 31.3 do 1045.1 ± 112.3 Bqkg–1 i 104.9 ± 4.7
do 834.4 ± 37.1 Bqkg–1, respektivno. Pored toga, utvr|ene su i koncentracije aktivnosti 226Ra, 232Th i 
40K koje su se kretale u rasponu od 4.1 ± 0.1 do 53.5 ± 0.4 Bqkg–1, 5.7 ± 0.1 do 83.6 ± 0.8 Bqkg–1 i 14.9 ± 0.8 do
664.9 ± 10.6 Bqkg–1, respektivno. Indeksi koji ukqu~uju ekvivalentnu aktivnost radijuma, opasnost
od spoqa{weg i unutra{weg zra~ewa, gama i alfa indekse, indeks kori{}ewa aktivnosti i
godi{wu efektivnu dozu, izra~unati su da bi se procenile radiolo{ke opasnosti prirodne
radioaktivnosti. Rezultati su pokazali da su ovi indeksi ispod preporu~enih granica bezbednosti 
za ve}inu ispitivanih uzoraka osim {est uzoraka cigle, ~iji su indeksi iskori{}ewa aktivnosti
ne{to ve}i od granice bezbednosti. ^ak i tako, utvr|eno je da su sve godi{we efektivne doze
uzoraka ispod svetskog proseka.

Kqu~ne re~i: gra|evinski materijal, ukupno alfa i beta zra~ewe, gama spektrometrija,
..........................prirodna radioaktivnost, radijaciona opasnost


