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The ra dio log i cal haz ard of build ing ma te ri als  orig i nat ing from clay, rock and other min eral wastes 
has at tracted more at ten tion be cause they con tain nat u ral radionuclides (226Ra, 232Th, and 40K).
The ac tiv ity con cen tra tion of radionuclides in red-clay brick sam ples ob tained from three dif fer ent 
brickyards in Shangluo, China was mea sured. Var i ous in dexes, in clud ing ra dium equiv a lent ac tiv -
i ties, Raeq, ex ter nal haz ard in dex, Hex, in ter nal haz ard in dex, Hin, in door air ab sorbed dose rate, D,
and an nual ef fec tive dose, AED, of the aforemen tioned radionuclides in the bricks were used to as -
sess the ra di a tion haz ard for peo ple. The av er age ac tiv ity con cen tra tions of 226Ra, 232Th, and 40K
were re spec tively 34.5 ± 1.9, 62.5 ± 2.1, and 713.7 ± 19.8 Bqkg–1 for the stud ied red-clay bricks. The
Raeq val ues of the red-clay brick sam ples var ied from 167.0 to 184.7 Bqkg–1, which are lower than
the limit of 370 Bqkg–1. More over, the ac tiv ity con cen tra tions of nat u ral radionuclides in un fired
brick, clay and coal were also de ter mined and the re sults were com pared with that in the red-clay
brick sam ples. This study shows that the red-clay bricks pro duced in Shangluo, China can be used
safely in con struc tion in dus tries.

Key words: nat u ral ra dio ac tiv ity, ra dium equiv a lent ac tiv ity, ra dio log i cal haz ard, red-clay brick

IN TRO DUC TION

Build ing ma te ri als de rived from the Earth's
crust, con tain vary ing amounts of nat u ral
radionuclides. These radionuclides con tained in build -
ing ma te ri als can cause ex po sure to ex ter nal and in ter -
nal ra di a tion of in di vid u als liv ing in those build ings
[1-4]. Gamma ra di a tion orig i nat ing from pri mor dial
nuclides (226Ra, 232Th, 40K and their de cay prod ucts)
can cause ex ter nal ra di a tion ex po sure, how ever, the
in ter nal ra di a tion ex po sure is caused by the in ha la tion
of ra dio ac tive no ble gases ra don (222Rn, a daugh ter
prod uct of 226Ra) and thoron (220Rn, a daugh ter prod -
uct of 224Ra), and their short-lived de cay prod ucts
which are ex haled from con struc tion ma te ri als into in -
door air, es pe cially where the ven ti la tion is poor. As
most of the res i dents spend more than 80 % of their
life time in doors [5, 6], knowl edge of the nat u ral ra dio -
ac tiv ity in build ing ma te ri als is im por tant for the de ter -
mi na tion of pop u la tion ex po sure to ra di a tion. More -
over, an un der stand ing of this ac tiv ity helps to de velop 
stan dards and na tional guide lines for the use and man -
age ment of these ma te ri als and to as sess the ra di a tion
haz ards to hu man health as so ci ated with them.

Nat u ral ra dio ac tiv ity of var i ous build ing ma te ri -
als has been re ported by re search ers in sev eral ar eas of
China [7-17] and in many other coun tries such as Egypt
[18-23], Is rael [24, 25], It aly [26], Pa ki stan [27], Leb a -
non [28], Greece [29], North Mac e do nia [30], Ser bia
[31, 32], Tur key [3, 33-36], Ye men [37, 38], Aus tria
[39], Jor dan [40], In dia [41], and Ma lay sia [2]. How -
ever, data re trieval in di cates that the mea sure ment of ra -
dio ac tiv ity of build ing ma te ri als in Shangluo, China has 
not been pre vi ously car ried out. This study was car ried
out to mea sure the ra dio ac tiv ity of the red-clay bricks
which are the dom i nant ar ti fi cial con struc tion ma te ri als
used in Shangluo, China and to as sess their as so ci ated
ra di a tion ex po sure to the res i dents. 

MA TE RI ALS AND METH ODS

Sam pling

Shangluo is lo cated in the south east of the
Shaanxi Prov ince, north west China, be tween the lon -
gi tudes of 33°2'30"-34°24'40" N and the lat i tudes of
108°34'20"-111°1'25" E with a pop u la tion of 2.49 mil -
lion. The wa ter con ser va tion land of the Mid dle Route
Pro ject of the na tional South-to-North Wa ter Trans fer,
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is a stra te gic pro ject to solve the wa ter short age prob -
lem in north ern China. In re cent years, with the im ple -
men ta tion of the South-to-North Wa ter Trans fer Pro -
ject, ur ban and ru ral con struc tion in Shangluo has
de vel oped rap idly. Large quan ti ties of var i ous ma te ri -
als are re quired in the build ing in dus try. Due to its low
cost and du ra bil ity, red-clay brick is one of the most
com monly used build ing ma te ri als in the con struc tion
in dus try both in the ur ban dis trict and ru ral area of
Shangluo. Red-clay bricks used in Shangluo mainly
came from three brickyards lo cated in vil lages
Zhaoyuan, Liuwan and Shahezi near the ur ban dis trict.

The in ves ti gated red-clay brick sam ples in this
study were col lected from these three brickyards. Eigh -
teen red-clay brick sam ples were col lected from three
brickyards (6 sam ples per brickyard) and 12 un fired
brick sam ples were col lected from the brickyards in
Liuwan and Shahezi (6 sam ples per brickyard). The size
of each red-clay brick is about 23 cm ́  11 cm ́  5 cm and
weighs about 2 kg. Clay is the dom i nant ma te ri als for
red-clay brick pro duc tion, and its chem i cal com po si tion
is the main fac tor af fect ing the nat u ral ra dio ac tiv ity level
of red-clay brick. Three clay sam ples, each of which was
about 2 kg, were col lected from each brickyard. Coal
which can in crease the strength and re duce the ap par ent
den sity of the red-clay brick con sti tutes a rel a tively small
por tion of the ma te ri als in red-clay brick pro duc tion.
Three coal sam ples, each of which was about 2 kg, were
also gath ered from ev ery brickyard. All the gath ered
sam ples were cat a loged and marked at the ini tial pro duc -
tion site.

The col lected sam ples were taken back to the
lab o ra tory, dried nat u rally at room tem per a ture, bro -
ken into small pieces by a ham mer for fur ther crush -
ing. All the sam ples were then crushed by a ball
crusher to pass through a 100 mesh sieve. To min i mize
cross-con tam i na tion be tween sam ples, the ball
crusher was com pletely cleaned af ter each sam ple was
ground. The sam ples were then ho mog e nized and
dried at 110 °C for 48 hours to con stant weight. Af ter
mois ture is com pletely re moved, the sam ple pow der
was cooled to a nor mal tem per a ture in a mois ture-free
at mo sphere. Pow der sam ples were weighed and
placed into air tight, ra don im per me able, cy lin dri cal
poly eth yl ene plas tic con tain ers (these con tain ers were
the same in size of 7.0 cm in height and 6.5 cm in di am -
e ter). These con tain ers were kept in a lab o ra tory for
about one month in or der to al low 226Ra, 232Th, and
their short-lived de cay prod ucts to reach ra dio ac tive
equi lib rium. One month later, the nat u ral radionuclide
con cen tra tions of the sam ples were an a lyzed by g-ray
spec trom e try.

Ra dio ac tiv ity mea sure ment

A 3 ́  3 inch NaI (Tl) de tec tor with an en ergy res o -
lu tion of 8 % (137Cs 661.6 keV) was used to es ti mate the

con cen tra tions of nat u ral radionuclides 226Ra, 232Th, and
40K in the in ves ti gated sam ples. In or der to re duce the
back ground ef fect, the de tec tor was lo cated in a cy lin dri -
cal lead cham ber which is 10.5 cm thick and 38 cm high.
The in side di am e ter of the lead cham ber is 21 cm and the
height from the de tec tor to the up per cham ber is 17 cm. A 
1024 mi cro com puter multi-chan nel pulse height an a -
lyzer was cou pled to the de tec tor, and the sys tem was cal -
i brated for the gamma-en ergy from 50 keV to 3.2 MeV
[10, 11]. Photopeaks at sev eral en er gies were used to av -
er age the ac tiv ity con cen tra tions. The gamma lines of
609.3 and 1764.5 keV, emit ted from 214Bi were used for
226Ra. The 238.6 keV photopeak from 212Pb and 2614
keV photopeak from 208Tl were av er aged for 232Th. The
1460.8 keV photopeak was used di rectly to mea sure the
con cen tra tion of 40K.

Stan dard ma te ri als, pur chased from the Beijing
Re search In sti tute of Ura nium Ge ol ogy, were used to
cal i brate the de tec tion sys tem. Cer tain ac tiv ity con tent 
to gether with phthalic acid pow der was used to pre -
pare the stan dard sources for 226Ra and 232Th (in
long-term equi lib rium with 228Th). The pre pared stan -
dard sources were stored in sealed cy lin dri cal poly eth -
yl ene con tain ers with a height of 7.0 cm and a di am e ter 
of 6.5 cm. There fore, it is pos si ble to pre vent the loss
of gas eous de cay prod ucts of 226Ra and 232Th, which
may re sult in in ter fer ence with the ra dio ac tive bal -
ance. A known amount of analar grade po tas sium
chlo ride of the same ge om e try was used as the stan -
dard source of 40K. Each sam ple was mea sured for 300 
min and counted two times, and then the re sults were
av er aged.

Ra dio log i cal haz ard as sess ment

In or der to com pare the ra dio log i cal ef fects of
the red-clay bricks, un fired bricks, clays and coals
which con tain 226Ra, 232Th, and 40K, an in dex called
ra dium equiv a lent ac tiv ity, Raeq, has been in tro duced.
The Raeq is ex pressed as [42]

Ra C C Ceq Ra Th K= + +143 0077. . (1)

where CRa, CTh, and CK are the ac tiv ity con cen tra tions
of 226Ra, 232Th, and 40K re spec tively in Bqkg–1. Equa -
tion (1) is based on the as sump tion that 370 Bqkg–1 of
226Ra, 259 Bqkg–1 of 232Th and 4810 Bqkg–1 of 40K
cause the same gamma-ray dose equiv a lent. The max i -
mum value of Raeq in build ing ma te ri als must be no
more than the rec om mended limit of 370 Bqkg–1 in or -
der to keep the ex ter nal an nual dose be low 1.5 mSv [1].

Ac cord ing to [43], the su pe rior limit of the an -
nual ra di a tion dose pro duced by build ing ma te ri als is
1.5 mSv. For lim it ing the ex ter nal gamma an nual ra di -
a tion dose from the stud ied ma te ri als to the nor mal an -
nual dose equiv a lent of 1.5 mSv, the ex ter nal haz ard
in dex, Hex, is de fined as [42]
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where CRa, CTh, and CK are the ac tiv ity con cen tra tions
of 226Ra, 232Th, and 40K in Bqkg–1, re spec tively. The
value of this in dex must be less than the unit for the ra -
di a tion haz ard to be neg li gi ble, i. e. the an nual ra di a -
tion ex po sure due to ra dio ac tiv ity in con struc tion ma -
te ri als must be lim ited to 1.5 mSv.

In ad di tion to the ex ter nal haz ard, in ha la tion and
in ges tion of ter res trial radionuclides can lead to in ter -
nal ex po sure. Doses by in ha la tion are due to the pres -
ence of air dust par ti cles con tain ing radionuclides of
the 238U and 232Th de cay chains. The short-lived de cay 
prod ucts of ra don (222Rn) con trib uted most to the in ha -
la tion ex po sure. The in ter nal ex po sure to ra don and its
de cay prod ucts is de ter mined by the in ter nal haz ard in -
dex, Hin, which is given by [42]
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where CRa, CTh, and CK are the ac tiv ity con cen tra tions
of 226Ra, 232Th, and 40K, re spec tively, in Bqkg–1 for the
stud ied sam ples. In or der to keep the ra dio ac tiv ity of
build ing ma te ri als in the safe range, the value of Hin

should be smaller than unit. Due to gamma rays re -
leased by nat u ral radionuclides in the build ing ma te ri -
als, build ings will re sult in dif fer ent ra di a tion doses to
the whole body. The in door air ab sorbed dose rate, D
[nGyh–1], is eval u ated ac cord ing to [44]

D C C C= + +092 11 008. . .Ra Th K (4)

where CRa, CTh, and CK are the ac tiv ity con cen tra tions of 
226Ra, 232Th, and 40K in Bqkg–1, re spec tively. Equa tion
(4) is used to cal cu late the ab sorbed dose rate in air at a
height of 1.0 m above the ground from the mea sured
radionuclide con cen tra tion in build ing ma te ri als.

To es ti mate the  AED, a con ver sion fac tor (0.7 Sv 
Gy–1) was ap plied for con ver sion from the air ab -
sorbed dose to the ef fec tive dose re ceived by a per son.
The in door oc cu pancy fac tor (0.8) was also taken into
ac count, since peo ple spend about 80 % of their time
in doors [1]. The AED [mSv], is es ti mated as 

AED D= × × × × -8760 08 07 10 6. . (5)

where D (nGyh–1) is the to tal ab sorbed dose rate in due
to gamma ra di a tion from ma te ri als con tain ing ra dio-
nuclides and 8760 is the num ber of hours ev ery year.
Ac cord ing to the Eu ro pean Com mis sion on nat u ral ra -
di a tion pro tec tion prin ci ples of build ing ma te ri als, the
AED should be within 1 mSv [44].

RE SULTS AND DIS CUS SION

Spe cific ac tiv ity

The range, mean value and stan dard de vi a tion
(SD), of 226Ra, 232Th, and 40K con cen tra tions in the in -
ves ti gated sam ples has been mea sured and pre sented in
tab. 1. From tab. 1 we can see that the ac tiv ity con cen -
tra tions of 226Ra in red-clay brick sam ples vary from
30.2 to 36.7 Bqkg–1. The av er age ac tiv ity con cen tra -
tions of 226Ra in clay sam ples from brickyards in
Zhaoyuan, Liuwan and Shahezi are 33.6, 33.8 and 36.0
Bqkg–1 re spec tively, which all slightly ex ceed that of
the world wide pop u la tion-weighted av er age val ues (32
Bqkg–1) for soil [1]. The mean ac tiv ity con cen tra tions
of 232Th in red-clay brick sam ples of the brickyards in
Zhaoyuan, Liuwan and Shahezi are 61.6, 61.2 and 64.6
Bqkg–1 re spec tively. The min i mum 59.3 Bqkg–1 ap -
peared in two sam ples from the brickyards in Zhaoyan
and Liuwan and the max i mum 65.8 Bqkg–1 ap peared in
a sam ple from the brickyard in Shahezi. The av er age
con cen tra tions of 232Th in red-clay brick sam ples of all
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Ta ble 1. Ac tiv ity con cen tra tion of 226Ra, 232Th, and 40K in red-clay brick and raw ma te ri als of Shangluo, China

Ma te ri als Brickyard

Ac tiv ity of con cen tra tion [Bqkg–1]
226Ra 232Th 40K

Range Mean ± SD Range Mean ± SD Range Mean ± SD

Clay

Zhaoyuan 29.7-33.2 31.3 ± 1.4 57.7-61.6 59.2 ± 1.5 699.5-715.1 705.4 ± 6.0

Liuwan 31.1-33.6 32.8 ± 1.0 55.2-59.1 56.6 ± 1.4 651.8-679.6 662.3 ± 11.6

Shahezi 26.0-28.2 27.2 ± 0.7 58.5-60.4 59.6 ± 0.9 647.1-678.8 600.6 ± 12.2

Coal

Zhaoyuan 34.4-39.7 37.1 ± 1.9 40.3-43.3 42.0 ± 1.2 121.3-157.0 139.5 ± 12.2

Liuwan 36.1-40.1 38.2 ± 1.5 39.7-43.3 41.6 ± 1.4 122.8-148.5 138.3 ± 10.7

Shahezi 37.6-41.4 39.6 ± 1.3 39.8-42.1 40.9 ± 0.8 153.0-176.9 166.7 ± 9.4

Un fired brick
Liuwan 25.2-27.4 26.2 ± 1.0 57.8-60.4 58.8 ± 0.9 682.4-725.2 694.0 ± 16.6

Shahezi 24.9-29.6 27.2 ± 1.8 58.5-61.0 59.9 ± 1.0 638.4-661.9 648.8 ± 8.8

Red-clay brick

Zhaoyuan 30.2-36.4 33.6 ± 2.6 59.3-63.3 61.6 ± 1.3 692.2-755.1 721.0± 20.7

Liuwan 32.1-34.9 33.8 ± 1.0 59.3-62.6 61.2 ± 1.1 711.3-754.9 724.5 ± 15.7

Shahezi 35.5-36.7 36.0 ± 0.5 60.8-65.8 64.6 ± 1.9 688.9-710.3 695.5 ± 7.7



brickyards ex ceed the world wide pop u la tion-weighted
av er age val ues (45 Bqkg–1) for soil [1]. As for 40K, the
mean ac tiv ity con cen tra tions are 721.0, 724.5, and
695.5 Bqkg–1 re spec tively from brickyards in
Zhaoyuan, Liuwan and Shahezi. The ac tiv ity con cen -
tra tions of 40K ob tained for all red-clay brick sam ples
ex ceeded the world wide pop u la tion-weighted av er age
val ues (420 Bqkg–1) for soil [1]. The 755.1 Bqkg–1 in a
sam ple from the brickyard in Zhaoyuan is the max i -
mum value and 688.9 Bqkg–1 in a sam ple from the
brickyard in Shahezi is the min i mum value.

Ta ble 1 also showed the ra dio ac tiv ity con cen tra -
tions of 226Ra, 232Th, and 40K in clay, coal and un fired
brick sam ples. The av er age con cen tra tion of 226Ra in
these stud ied sam ples de creases in the or der of coal >
red-clay brick > clay > un fired brick. For 232Th the
con cen tra tion de creases in the or der of red-clay brick
> un fired brick > clay > coal. As for 40K, the or der is
the same as for 232Th. Fig ure 1 shows that 40K is the
main con trib u tor to the to tal ac tiv ity for all sam ples. It
con trib uted 88.1 % in clay and 65.0 % in coal. In un -
fired bricks and red-clay bricks it oc cu pied 88.6 % and
88.0 %. For the 226Ra, it ac counts for 4.1 %, 3.5 % and
4.3 % in clay, un fired bricks and red-clay bricks. But in 
the coal, the 226Ra con trib uted 16.8 % to the to tal ac tiv -
ity, higher than in other sam ples. As for 232Th, it con -

trib uted 18.2 % in coal, and 7.8 %, 7.8 %, 7.7 % in clay, 
un fired bricks and red-clay bricks. 

Ra dio log i cal haz ard as sess ment re sults

The Raeq, Hex, Hin, D, and AED for the red-clay
bricks in Shangluo, China are showed in tab. 2. Ta ble 2 
in di cates that the Raeq var ies from 167.0 Bqkg–1 in the
brickyard in Zhaoyuan to 184.7 Bqkg–1 in the
brickyard in Shahezi. There are no ob vi ous vari a tions
in the Raeq of the red-clay bricks from the three dif fer -
ent brickyards. All of the Raeq are much lower than the
rec om mended value of 370 Bqkg–1. Ta ble 3 shows the
com par i son of ac tiv ity con cen tra tions and ra dium
equiv a lent ac tiv ity of red-clay bricks with sim i lar
stud ies from some other cit ies or coun tries. The com -
par i son re sult showed that the Raeq ob tained in the
pres ent study is lower than that from most of Chi nese
cit ies ex cept Baoji [9]. Com pared with those from
other coun tries, the re sult is lower than that from Al ge -
ria [45], Aden, Ye men [38], Bangladeshi [46], and
Bitlis, Tur key [35], but higher than that from Isparta,
Tur key [33], Egypt [18, 21], Punjab Prov ince, Pa ki -
stan [27], Cuba [47], and Tamilnadu, In dia [41]. The
di ver sity of ra dium equiv a lent ac tiv ity in red-clay
bricks may be re lated to the geo log i cal lo ca tions and
geo chem i cal prop er ties of those ma te ri als.

The cal cu lated val ues of Hex for the red-clay
bricks range from 0.46 in the brickyard in Zhaoyuan to 
0.50 in the brickyard in Shahezi. It can be de ter mined
that all of them are less than unit and no sig nif i cant dif -
fer ence be tween the three brickyards ex ists. The ob -
tained re sults of Hin for the red-clay brick sam ples
range 0.54 in the brickyard in Zhaoyuan to 0.60 in the
brickyard in Shahezi with an av er age of 0.58. All these 
val ues are less than unit and in agree ment with the rec -
om mended limit. The av er aged val ues of D for the
stud ied red-clay bricks are 156.32, 156.36, and 159.77 
nGyh–1 in the brickyards in Zhaoyuan, Liuwan and
Shahezi. The to tal av er age value of the in door air ab -
sorbed dose rate from three brickyards is 1.87 times
higher than the world pop u la tion-weighted av er age
in door ab sorbed gamma dose rate of 84 nGyh–1 [1].
The cal cu lated val ues of AED in the stud ied red-clay
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Fig ure 1. Ra dio ac tiv ity con cen tra tions of 226Ra, 232Th,
and 40K in red-clay brick, un fired brick, clay and coal of
Shangluo, China 

Ta ble 2. The cal cu lated value of the ra dio log i cal haz ard in dex in the red-clay brick of Shangluo, China

Brickyard Sta tis tics Raeq [Bqkg–1] Hex Hin D [nGyh–1] AED [mSv]

Zhaoyuan

Min 167.0 0.46 0.54 150.14 0.74

Max 180.1 0.49 0.58 158.87 0.78

Mean ± SD 177.2 ± 3.7 0.48 ± 0.01 0.57 ± 0.02 156.32 ± 3.24 0.77 ± 0.02

Liuwan

Min 175.0 0.47 0.57 154.83 0.76

Max 179.7 0.49 0.57 158.76 0.78

Mean ± SD 177.1 ± 1.6 0.48 ± 0.00 0.57 ± 0.00 156.36 ± 1.36 0.77 ± 0.01

Shahezi

Min 175.5 0.47 0.57 154.66 0.76

Max 184.7 0.50 0.60 162.98 0.80

Mean ± SD 181.9 ± 3.3 0.49 ± 0.01 0.59 ± 0.01 159.77 ± 2.64 0.78 ± 0.01



brick sam ples range from 0.74 mSv in the brickyard in
Zhaoyuan to 0.80 mSv in the brickyard in Shahezi as
shown in tab. 2. All of the ef fec tive doses are be low the 
dose cri te rion of 1 mSv [44].

CON CLU SIONS

The spe cific ac tiv i ties of 226Ra, 232Th, and 40K in
red-brick from Shangluo range from 30.2 to 36.7, 59.3 to
65.8 and 688.9 to 755.1 Bqkg–1, re spec tively, which are
found to be in the range of Chi nese soil val ues. The ra dio -
ac tiv ity of un fired bricks, and the ma te ri als for
brick-mak ing, clay and coal have also been mea sured.
These re sults are com pared with that in red-clay bricks.
The ra dium equiv a lent ac tiv ity lev els in all stud ied
red-clay bricks are far be low the lim ited value of 370
Bqkg–1. The ex ter nal and in ter nal haz ard in dexes, the in -
door air ab sorbed dose rate, the AED rate of red-clay
bricks man u fac tured in Shangluo, China were de ter -
mined. Cal cu la tions of ex ter nal and in ter nal haz ard in di -
ces showed that no stud ied sam ples ex ceeded the rec om -
mended ex emp tion lev els. So, the red-clay bricks in
Shangluo, China can be used as build ing ma te ri als in the
con struc tion in dus try safely.
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Sukaj XUANG, Sinvej LU

PRIRODNA  RADIOAKTIVNOST  I  RADIOLO[KA  OPASNOST  OD 
CRVENO-GLINENE  OPEKE  PROIZVEDENE  U  [ANGLUU,  KINA

Radiolo{ka opasnost gra|evinskih materijala na~iwenih od gline, stena i drugog
mineralnog otpada privukla je ve}u pa`wu zbog sadr`aja prirodnih radionuklida (226Ra, 232Th, i
40K). Izmerena je koncentracija aktivnosti radionuklida u uzorcima opeke od crvene gline
dobijenim iz tri razli~ite ciglane u [angluu u Kini. Za procenu opasnosti od zra~ewa za qude
kori{}eni su razli~iti indeksi, ukqu~uju}i radijum ekvivalentnu aktivnost, Raeq, indeks
spoqa{we opasnosti, Hex, indeks unutra{we opasnosti, Hin,  ja~inu apsorbovane doze vazduha u
zatvorenom prostoru, D, i godi{wu efektivnu dozu, AED. Prose~ne koncentracije aktivnosti od
226Ra, 232Th i 40K bile su  34.5 ± 1.9 Bqkg–1, 62.5 ± 2.1 Bqkg–1, i 713.7 ± 19.8 Bqkg–1, za ispitivane
crveno-glinene opeke. Vrednosti Raeq uzoraka crvene glinene opeke varirale su od 167.0 to 184.7
Bqkg–1, {to je ni`e od granice od 370 Bqkg–1. [tavi{e, utvr|ene su i koncentracije aktivnosti
prirodnih radionuklida u nepe~enoj cigli, glini i ugqu i rezultati su upore|eni sa onima u
uzorcima crvene glinene opeke. Ova istra`ivawa pokazuju da se opeke od crvene gline proizvedene 
u [angluu mogu bezbedno koristiti u gra|evinskoj industriji.

Kqu~ne re~i: prirodna radioaktivnost, radijum ekvivalenta aktivnost, radiolo{ka
.........................opasnost, opeka od crvene gline


