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The radiological hazard of building materials originating from clay, rock and other mineral wastes
has attracted more attention because they contain natural radionuclides (22°Ra, 232Th, and “K).
The activity concentration of radionuclides in red-clay brick samples obtained from three different
brickyards in Shangluo, China was measured. Various indexes, including radium equivalent activ-
ities, Ra,y, external hazard index, H,, internal hazard index, H,,, indoor air absorbed dose rate, D,
and annual effective dose, AED, of the aforementioned radionuclides in the bricks were used to as-
sess the radiation hazard for people. The average activity concentrations of 226Ra, 232Th, and 4K
were respectively 34.5+1.9, 62.5 + 2.1, and 713.7 + 19.8 Bqkg ! for the studied red-clay bricks. The
Ra,, values of the red-clay brick samples varied from 167.0 to 184.7 Bqkg™', which are lower than
the limit of 370 Bqkg!. Moreover, the activity concentrations of natural radionuclides in unfired
brick, clay and coal were also determined and the results were compared with that in the red-clay
brick samples. This study shows that the red-clay bricks produced in Shangluo, China can be used
safely in construction industries.
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INTRODUCTION

Building materials derived from the Earth's
crust, contain varying amounts of natural
radionuclides. These radionuclides contained in build-
ing materials can cause exposure to external and inter-
nal radiation of individuals living in those buildings
[1-4]. Gamma radiation originating from primordial
nuclides (**°Ra, 23*Th, 4°K and their decay products)
can cause external radiation exposure, however, the
internal radiation exposure is caused by the inhalation
of radioactive noble gases radon (**’Rn, a daughter
product of ?2°Ra) and thoron (**°Rn, a daughter prod-
uct of ??*Ra), and their short-lived decay products
which are exhaled from construction materials into in-
door air, especially where the ventilation is poor. As
most of the residents spend more than 80 % of their
lifetime indoors [5, 6], knowledge of the natural radio-
activity in building materials is important for the deter-
mination of population exposure to radiation. More-
over, an understanding of this activity helps to develop
standards and national guidelines for the use and man-
agement of these materials and to assess the radiation
hazards to human health associated with them.

* Corresponding author; e-mail: luxinwei@snnu.edu.cn

Natural radioactivity of various building materi-
als has been reported by researchers in several areas of
China [7-17] and in many other countries such as Egypt
[18-23], Israel [24, 25], Italy [26], Pakistan [27], Leba-
non [28], Greece [29], North Macedonia [30], Serbia
[31, 32], Turkey [3, 33-36], Yemen [37, 38], Austria
[39], Jordan [40], India [41], and Malaysia [2]. How-
ever, data retrieval indicates that the measurement of ra-
dioactivity of building materials in Shangluo, China has
not been previously carried out. This study was carried
out to measure the radioactivity of the red-clay bricks
which are the dominant artificial construction materials
used in Shangluo, China and to assess their associated
radiation exposure to the residents.

MATERIALS AND METHODS
Sampling

Shangluo is located in the southeast of the
Shaanxi Province, northwest China, between the lon-
gitudes of 33°2'30"-34°24'40" N and the latitudes of
108°34'20"-111°1"25" E with a population of 2.49 mil-
lion. The water conservation land of the Middle Route
Project of the national South-to-North Water Transfer,
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is a strategic project to solve the water shortage prob-
lem in northern China. In recent years, with the imple-
mentation of the South-to-North Water Transfer Pro-
ject, urban and rural construction in Shangluo has
developed rapidly. Large quantities of various materi-
als are required in the building industry. Due to its low
cost and durability, red-clay brick is one of the most
commonly used building materials in the construction
industry both in the urban district and rural area of
Shangluo. Red-clay bricks used in Shangluo mainly
came from three brickyards located in villages
Zhaoyuan, Liuwan and Shahezi near the urban district.

The investigated red-clay brick samples in this
study were collected from these three brickyards. Eigh-
teen red-clay brick samples were collected from three
brickyards (6 samples per brickyard) and 12 unfired
brick samples were collected from the brickyards in
Liuwan and Shahezi (6 samples per brickyard). The size
of each red-clay brick is about 23 cm x 11 cm x 5 cm and
weighs about 2 kg. Clay is the dominant materials for
red-clay brick production, and its chemical composition
is the main factor affecting the natural radioactivity level
of red-clay brick. Three clay samples, each of which was
about 2 kg, were collected from each brickyard. Coal
which can increase the strength and reduce the apparent
density of the red-clay brick constitutes a relatively small
portion of the materials in red-clay brick production.
Three coal samples, each of which was about 2 kg, were
also gathered from every brickyard. All the gathered
samples were cataloged and marked at the initial produc-
tion site.

The collected samples were taken back to the
laboratory, dried naturally at room temperature, bro-
ken into small pieces by a hammer for further crush-
ing. All the samples were then crushed by a ball
crusher to pass through a 100 mesh sieve. To minimize
cross-contamination between samples, the ball
crusher was completely cleaned after each sample was
ground. The samples were then homogenized and
dried at 110 °C for 48 hours to constant weight. After
moisture is completely removed, the sample powder
was cooled to a normal temperature in a moisture-free
atmosphere. Powder samples were weighed and
placed into airtight, radon impermeable, cylindrical
polyethylene plastic containers (these containers were
the same in size of 7.0 cm in height and 6.5 cm in diam-
eter). These containers were kept in a laboratory for
about one month in order to allow 22°Ra, 232Th, and
their short-lived decay products to reach radioactive
equilibrium. One month later, the natural radionuclide
concentrations of the samples were analyzed by y-ray
spectrometry.

Radioactivity measurement

A 3 x 3 inch Nal (T1) detector with an energy reso-
lution of 8 % ('37Cs 661.6 keV) was used to estimate the

concentrations of natural radionuclides 22°Ra, 232Th, and
40K in the investigated samples. In order to reduce the
background effect, the detector was located in a cylindri-
cal lead chamber which is 10.5 cm thick and 38 cm high.
The inside diameter of the lead chamber is 21 cm and the
height from the detector to the upper chamberis 17 cm. A
1024 microcomputer multi-channel pulse height ana-
lyzer was coupled to the detector, and the system was cal-
ibrated for the gamma-energy from 50 keV to 3.2 MeV
[10, 11]. Photopeaks at several energies were used to av-
erage the activity concentrations. The gamma lines of
609.3 and 1764.5 keV, emitted from 21*Bi were used for
226Ra. The 238.6 keV photopeak from >'?Pb and 2614
keV photopeak from 2°8T1 were averaged for 2*’Th. The
1460.8 keV photopeak was used directly to measure the
concentration of 4°K.

Standard materials, purchased from the Beijing
Research Institute of Uranium Geology, were used to
calibrate the detection system. Certain activity content
together with phthalic acid powder was used to pre-
pare the standard sources for ?°Ra and >3’Th (in
long-term equilibrium with >?Th). The prepared stan-
dard sources were stored in sealed cylindrical polyeth-
ylene containers with a height of 7.0 cm and a diameter
of 6.5 cm. Therefore, it is possible to prevent the loss
of gaseous decay products of ?°Ra and >3?Th, which
may result in interference with the radioactive bal-
ance. A known amount of analar grade potassium
chloride of the same geometry was used as the stan-
dard source of *°K.. Each sample was measured for 300
min and counted two times, and then the results were
averaged.

Radiological hazard assessment

In order to compare the radiological effects of
the red-clay bricks, unfired bricks, clays and coals
which contain 22°Ra, 232Th, and *°K, an index called
radium equivalent activity, Ra.,, has been introduced.

The Ra,, is expressed as [42]
Ray =Cg, +143Cq, +0077Ck (1)

where Cg,, Crp, and Cy are the activity concentrations
of **Ra, #*Th, and *’K respectively in Bqkg . Equa-
tion (1) is based on the assumption that 370 Bakg " of
Ra, 259 Bgkg ' of *Th and 4810 Bgkg ' of “’K
cause the same gamma-ray dose equivalent. The maxi-
mum value of Ra in building materials must be no
more than the recommended limit of 370 Bgkg " in or-
der to keep the external annual dose below 1.5 mSv[1].

According to [43], the superior limit of the an-
nual radiation dose produced by building materials is
1.5 mSv. For limiting the external gamma annual radi-
ation dose from the studied materials to the normal an-
nual dose equivalent of 1.5 mSv, the external hazard
index, A, is defined as [42]

ex?
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where Cg,, Cry, and Ck are the activity concentrations
of *Ra, #**Th, and *’K in Bqkg ', respectively. The
value of this index must be less than the unit for the ra-
diation hazard to be negligible, i. e. the annual radia-
tion exposure due to radioactivity in construction ma-
terials must be limited to 1.5 mSv.

In addition to the external hazard, inhalation and
ingestion of terrestrial radionuclides can lead to inter-
nal exposure. Doses by inhalation are due to the pres-
ence of air dust particles containing radionuclides of
the 238U and ?**Th decay chains. The short-lived decay
products of radon (***Rn) contributed most to the inha-
lation exposure. The internal exposure to radon and its
decay products is determined by the internal hazard in-
dex, H,,, which is given by [42]

o ={e 5 )
mol18s 259 ) | 4810

where Cg,, Cry, and Ck are the activity concentrations
of **Ra, ***Th, and *’K, respectively, in Bqkg " for the
studied samples. In order to keep the radioactivity of
building materials in the safe range, the value of H;,
should be smaller than unit. Due to gamma rays re-
leased by natural radionuclides in the building materi-
als, buildings will result in different radiation doses to
the whole body. The indoor air absorbed dose rate, D
[nGyh '], is evaluated according to [44]

3)

D =092Cg, +11C, +0.08Ck @)
where Cr,, Ctn, and Cy are the activity concentrations of
6Ra, #*Th, and “’K in Bgkg ', respectively. Equation
(4) is used to calculate the absorbed dose rate in air at a
height of 1.0 m above the ground from the measured
radionuclide concentration in building materials.

To estimate the AED, aconversion factor (0.7 Sv
Gy") was applied for conversion from the air ab-
sorbed dose to the effective dose received by a person.
The indoor occupancy factor (0.8) was also taken into
account, since people spend about 80 % of their time
indoors [1]. The AED [mSv], is estimated as

AED =D-8760-08-07-107° %)
where D (nGyh ™) is the total absorbed dose rate in due
to gamma radiation from materials containing radio-
nuclides and 8760 is the number of hours every year.
According to the European Commission on natural ra-

diation protection principles of building materials, the
AED should be within 1 mSv [44].

RESULTS AND DISCUSSION

Specific activity

The range, mean value and standard deviation
(SD), of ??°Ra, 232Th, and *°K concentrations in the in-
vestigated samples has been measured and presented in
tab. 1. From tab. 1 we can see that the activity concen-
trations of 2?°Ra in red-clay brick samples vary from
30.2 to 36.7 Bqkg . The average activity concentra-
tions of *?Ra in clay samples from brickyards in
Zhaoyuan, Liuwan and Shahezi are 33.6, 33.8 and 36.0
Bgkg ™! respectively, which all slightly exceed that of
the worldwide population-weighted average values (32
Bgkg™) for soil [1]. The mean activity concentrations
of 232Th in red-clay brick samples of the brickyards in
Zhaoyuan, Liuwan and Shahezi are 61.6, 61.2 and 64.6
Bgkg™! respectively. The minimum 59.3 Bgkg™' ap-
peared in two samples from the brickyards in Zhaoyan
and Liuwan and the maximum 65.8 Bqkg ™! appeared in
a sample from the brickyard in Shahezi. The average
concentrations of 2*?Th in red-clay brick samples of all

Table 1. Activity concentration of ***Ra, >*Th, and “’K in red-clay brick and raw materials of Shangluo, China

Activity of concentration [Bgkg ']
Materials Brickyard *Ra #2Th K
Range Mean £ SD Range Mean £ SD Range Mean £ SD
Zhaoyuan 29.7-33.2 31.3+14 57.7-61.6 592+1.5 699.5-715.1 705.4 £ 6.0
Clay Liuwan 31.1-33.6 328+ 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
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
Coal Liuwan 36.1-40.1 382+ 1.5 39.7-43.3 41.6+14 122.8-148.5 138.3 £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
. Liuwan 25.2-27.4 262+ 1.0 57.8-60.4 58.8+0.9 682.4-725.2 | 694.0+16.6
Unfired brick -
Shahezi 24.9-29.6 272+1.8 58.5-61.0 599+1.0 638.4-661.9 648.8 £ 8.8
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
Red-clay brick Liuwan 32.1-34.9 33.8+1.0 59.3-62.6 61.2+1.1 711.3-7549 | 7245+15.7
Shahezi 35.5-36.7 36.0+0.5 60.8-65.8 64.6+19 688.9-710.3 695.5+7.7
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brickyards exceed the worldwide population-weighted
average values (45 Bqkg ™) for soil [1]. As for K, the
mean activity concentrations are 721.0, 724.5, and
695.5 Bqgkg ' respectively from brickyards in
Zhaoyuan, Liuwan and Shahezi. The activity concen-
trations of “°K obtained for all red-clay brick samples
exceeded the worldwide population-weighted average
values (420 Bqkg™") for soil [1]. The 755.1 Bgkg ' ina
sample from the brickyard in Zhaoyuan is the maxi-
mum value and 688.9 Bgkg™' in a sample from the
brickyard in Shahezi is the minimum value.

Table 1 also showed the radioactivity concentra-
tions of 2?°Ra, 23Th, and “°K in clay, coal and unfired
brick samples. The average concentration of >*°Ra in
these studied samples decreases in the order of coal >
red-clay brick > clay > unfired brick. For 2*’Th the
concentration decreases in the order of red-clay brick
> unfired brick > clay > coal. As for “°K, the order is
the same as for 232Th. Figure 1 shows that 4°K is the
main contributor to the total activity for all samples. It
contributed 88.1 % in clay and 65.0 % in coal. In un-
fired bricks and red-clay bricks it occupied 88.6 % and
88.0 %. For the 2*°Ra, it accounts for 4.1 %, 3.5 % and
4.3 % in clay, unfired bricks and red-clay bricks. Butin
the coal, the >°Ra contributed 16.8 % to the total activ-
ity, higher than in other samples. As for 2*2Th, it con-

700
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Figure 1. Radioactivity concentrations of *’Ra, ***Th,
and “’K in red-clay brick, unfired brick, clay and coal of
Shangluo, China

tributed 18.2 % in coal, and 7.8 %, 7.8 %, 7.7 % in clay,
unfired bricks and red-clay bricks.

Radiological hazard assessment results
The Ra,y, Hey, Hiy,, D, and AED for the red-clay
bricks in Shangluo, China are showed in tab. 2. Table 2
indicates that the Ra, varies from 167.0 Bgkg ™' in the
brickyard in Zhaoyuan to 184.7 Bgkg™' in the
brickyard in Shahezi. There are no obvious variations
in the Ra,, of the red-clay bricks from the three differ-
ent brickyards. All of the Ra,, are much lower than the
recommended value of 370 Bqkg™!. Table 3 shows the
comparison of activity concentrations and radium
equivalent activity of red-clay bricks with similar
studies from some other cities or countries. The com-
parison result showed that the Ra,, obtained in the
present study is lower than that from most of Chinese
cities except Baoji [9]. Compared with those from
other countries, the result is lower than that from Alge-
ria [45], Aden, Yemen [38], Bangladeshi [46], and
Bitlis, Turkey [35], but higher than that from Isparta,
Turkey [33], Egypt [18, 21], Punjab Province, Paki-
stan [27], Cuba [47], and Tamilnadu, India [41]. The
diversity of radium equivalent activity in red-clay
bricks may be related to the geological locations and
geochemical properties of those materials.

The calculated values of H,, 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 determined
that all of them are less than unit and no significant dif-
ference between the three brickyards exists. The ob-
tained results of H,, for the red-clay brick samples
range 0.54 in the brickyard in Zhaoyuan to 0.60 in the
brickyard in Shahezi with an average of 0.58. All these
values are less than unit and in agreement with the rec-
ommended limit. The averaged values of D for the
studied red-clay bricks are 156.32, 156.36, and 159.77
nGyh! in the brickyards in Zhaoyuan, Liuwan and
Shahezi. The total average value of the indoor air ab-
sorbed dose rate from three brickyards is 1.87 times
higher than the world population-weighted average
indoor absorbed gamma dose rate of 84 nGyh™! [1].
The calculated values of AED in the studied red-clay

Table 2. The calculated value of the radiological hazard index in the red-clay brick of Shangluo, China

Brickyard Statistics Rae, [Bgkg '] Hyy H, D [nGyh™] AED [mSv]

Min 167.0 0.46 0.54 150.14 0.74

Zhaoyuan 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

Min 175.0 0.47 0.57 154.83 0.76

Liuwan 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

Min 175.5 0.47 0.57 154.66 0.76

Shahezi 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
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Table 3. Comparison of the activity concentration and Ra., of red-clay brick with other cities or countries

. : -
City, country MoRa Activity conce;tzt;l'ltllon [Bqke ] o Ra, [Bakg '] References
Xi'an, China 58.6 50.4 713.9 185.6 [8]
Baoji, China 37.9 46.5 697.4 158.0 [9]

Baotou, China 46 56 846 190 [12]
Xianyang, China 51.6 60.2 715.9 192.8 [10]
Urumgqi, China 49.3 44.5 860.4 179 [13]
Yan'an, China 47.3 61.6 821.8 199 [6]
Weinan, China 124.7 28.9 390.2 196.1 [11]
Xiangyang, China 42.4 63.1 655.0 183.1 [16]
Xining, China 55.2 58.4 937.8 204.2 [15]
Anhui Province, China 56.2 63.8 535 188 [17]
Bangladeshi 57.5 75.8 1080.3 248.9 [46]
Egypt 315 25.5 298 90.8 [18]
Algeria 65 51 675 190 [45]
Cuba 57 12 857 140 [47]
Punjab Province, Pakistan 23 35 431 106 [27]
Isparta, Turkey 58.9 11.7 248.8 94.81 [33]
Aden, Yemen 54.8 37.32 1256.02 204.9 [38]
Egypt 23.06 23.11 447.84 90.59 [21]
Bitlis, Turkey 123.9 42.06 1160.4 273.4 [35]
Shangluo, China 34.5 62.5 713.7 178.7 This study

brick samples range from 0.74 mSyv in the brickyard in
Zhaoyuan to 0.80 mSv in the brickyard in Shahezi as
shown in tab. 2. All of the effective doses are below the
dose criterion of 1 mSv [44].

CONCLUSIONS

The specific activities of 2*°Ra, 23Th, and “’K in
red-brick from Shangluo range from 30.2 t0 36.7,59.3 to
65.8 and 688.9 to 755.1 Bqgkg ™, respectively, which are
found to be in the range of Chinese soil values. The radio-
activity of unfired bricks, and the materials for
brick-making, clay and coal have also been measured.
These results are compared with that in red-clay bricks.
The radium equivalent activity levels in all studied
red-clay bricks are far below the limited value of 370
Bgkg!. The external and internal hazard indexes, the in-
door air absorbed dose rate, the AED rate of red-clay
bricks manufactured in Shangluo, China were deter-
mined. Calculations of external and internal hazard indi-
ces showed that no studied samples exceeded the recom-
mended exemption levels. So, the red-clay bricks in
Shangluo, China can be used as building materials in the
construction industry safely.
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Cykaj IIY AHI, Cunsej 1Y

NPUPOJHA PAINOAKTUBHOCT U PAINOJJOMNKA OITACHOCT O
HOPBEHO-IT'IMHEHE OIIEKE INPOU3BEJIEHE Y MAHIJIYY, KNHA

Paguonomka omnacHocT rpabeBUHCKUX MaTepujaja HAUMECHUX Off TJIMHE, CTE€Ha U APYror
MUHEpPAJHOT OTNajia MPUBYKJIA je Behy maxiby 300r cajpskaja npupoaHux paguonykmuaa (*°Ra, 232Th, u
40K). M3mepeHa je KOHIEHTpaluja aKTUBHOCTH PAJUOHYKIMA Y Y30pLEMa ONEKE Off UPBEHE TJIMHE
noOujeHnM u3 Tpu pasnuuure nuriaade y llanrnyy y Kunnu. 3a npoueHy onacHOCTH Off 3payema 3a Jbyfie
KopulltheH! Cy pas3siIuuUTH UHAECKCH, YKIbYydyjyhu pagujym eKBI/IBaHeHTHy aKkTUBHOCT, Ra.,, WHAEKC
CIOJballlkhe OMacHOCTH, H,,, MHIEKC YHYTpallllkhe omacHocTu, H;,, jaunny ancopboBaHe 03¢ Ba3nyxa y
3aTBOPEHOM NpocTopy, D, u roguimy eekTuBHy 103y, AED. IIpoceune KOHIIEHTpannje aKTUBHOCTHU O]
220Ra, 2°Th u “°K 6une cy 34.5 + 1.9 Bgkg ', 62.5 + 2.1 Bgkg !, u 713.7 + 19.8 Bqkg!, 3a ucnurusane
upBeHO -rnuHeHe oneke. Bpepnocru Ra, ysopaKa LpBEHE TIIMHEHe oneKe Bapupaie cy of 167.0 To 184.7
Bqkg™!, mTo je Huke o1 rpaHuie of 370 Bqkg!. lllTaBuie, yrBpheHe cy U KOHUEHTPAIMje AKTUBHOCTH
IPUPOAHUX PAfMOHYK/INJA Y HENEUYEHO] LUK, [VIMHU U YIJbY U pEe3yJITaTH cy ynopebeHu ca oHuma y
y30pLuMa [[pBeHe MuHeHe oneke. OBa NCTPaKMBaka OKa3yjy a ce ONEKe Off IIPBEHE TJIMHE IPOU3BE/CHE
y lllanrayy Mory 6e36eJHO KOPUCTUTHU Y IpabeBUHCKO] HHAYCTPH]HU.

Kmwyune peuw: ipupoona paouoakiiueHOCI, paoujym eKeusaneHitia aKkiiueHOCl, paouoaouKa
OUACHOCH, OlleKa 00 yp8eHe ZauHe



