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Abstract

Algerian dwellings are known for their use of ceramics as decorative materials. The latter are mainly composed of clay that
contains naturally occurring radionuclides, mainly Uranium and Thorium families and the radioactive isotope of Potassium.
Therefore ceramics are classified as a source of hazardous contamination and broad investigations of natural radioactivity
levels must be established with the aim of estimating the harmful effects of 1onizing radiations emitted by these materials. In
this study, thirteen samples collected from ceramic dealers and construction sites were analyzed using a high-resolution
HPGe semiconductor detector. Activity concentrations of *'Ra, **Th and “K were found with mean specific activities of
22.98+0.61, £9.39+1.34 and 558.31+11.58 Bq.kg', respectively. The obtained data were below the recommended values for
*Ra and **Th. However, they were above them for K. Radiological hazards parameters such as radium equivalent, activity
concentration mdex and activity utilization mdex were calculated and compared to the worldwide average values. Further,
statistical analyses were performed and discussed for the resulted data.
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1. Introduction
radioactive inert gas radon (**Rn) and its short-lived decay
products [7].

The main objective of this research work 1s to examine

Human population has been always exposed to ionizing
radiations coming from different sources. The largest
contribution to the received collective effective dose 1s the
natural sources [1] that can be originated from cosmic rays
and primordial radionuchdes. Terrestrial radionuchdes

the activity concentrations of terrestrial radionuclides *Ra,
*Th and “K in thirteen Algerian ceramic samples that are
. . e . commonly used in dwellings, by means of a high-
such us Potassium, Uranium and Thorium form a large . . .
. . i . . resolution coaxial hyper-pure germanium detector. In the
cations which require minerals with large crystal structure . . ; . .

aim to assess, the potential radiological risks related to the

openings to fit into. Such minerals are most common in . . .
use of such materials on inhabitant health, some

certain types of rocks evolved through different processes . . o
. ) . . . . radiological hazard indices were calculated based on the
in the earth crust [2]. Clay is classified as one of the highest

specific activities of the terrestrial radionuclides *Ra, **Th
and “K. Such as radium equivalent activity (Ra.), activity
concentration index (I) and activity utilization index (AUI).
Descriptive statistics were also determined to illustrate the
distribution of the natural i1sotopes in the studied samples.

radioactive elements content rocks [3] since it contains
mainly silica and alumina besides impurities such as iron,
magnesia salts, alkalis (sodium hydroxide Na.O and potash
K.0), titanium T10O., organic materials...etc. [4].
Some construction materials often referred to as
naturally occurring radioactive materials (NORM) are .
C . . . 2. Materials and methods
mainly constructed using clay such as tiles and bricks.
Therefore, they contain primordial radionuclides, like . ) .
. s : s . s ! 2.1. Sample collection and preparation
uranium (U), thortum (*“Th) and actintum (*’U) series
besides potassium (“K). The segment of uranium decay

: . . ) . Thirteen samples of the current study were collected
chain starting from radium 1s the most important from the

from ceramic dealers and construction sites: CAl and
CA2 from Algiers, CA3 from Annaba, CBl and CB2
from Batna, CB3 from Béjaia, CB4 and CB) from Bord)
Bou Arreridj, CB6 from Biskra, CC1 from Constantine,
CC2 from Chelghoum El Laid, CM1 from Mascara and
CT1 from Tipaza (Figure 1). The samples were crushed
and milled into a fine powder, and then they were dried in

radiological point of view. Hence, radium 1is often made as
a reference instead of uranium [5]. These terrestrial
radionuclides contribute to the major part of the natural
radioactivity dose rate as most of the people spend
approximately 80-90% of their time indoors [6], they pose
external exposure risks caused by their gamma-ray

emissions and mternal ones due to the inhalation of the .
an oven under a temperature of 110 °C for at least 24
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hours in a way to remove the moisturizing content and
obtain a constant weight. The samples were conditioned in
thin Plexiglas boxes to avoid the self-absorption of low
energy gamma. These boxes were carefully sealed for a
period of four weeks (T 7 half-lives) to ensure secular
equilibrium between radon emitted by the samples and the
one originated from environment during the samples
preparation, in other words, in the period of four weeks all

radon contamination will be eliminated.
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Figure 1. Map of the samples.
2.2 Experimental method for gamma spectroscopy

The measurements were carried out by means of a P-
type coaxial Canberra, with 40% relative efficiency, to
determine the activities of different radioactive isotopes
present in the samples. It 1s expected to measure the
natural radionuclides such as **U and **Th decay chains,

137

"K and possibly ""Cs radioisotope of human origin. The
detector 1s surrounded by 11.4-cm-thick graded lead shield
(Canberra 7477 Series Lead Shield) with liners of 1.5 mm
of copper and 3mm of tin to reduce X-ray fluorescence
from shield. The photo-peak
resolution of the gamma spectrometry system 1s 0.86 keV
at 122 keV for "Co and 1.85 keV at 1332.5 keV for “Co.

The detector efficiency calibration was performed using a

lead gamma-energy

liquid source of "Fu mixed with water matrix. The
detector efficiency values were calculated by Monte Carlo
simulation using MCNPJ code [8, 9] taking into account
the coincidence summing effects on efficiency calibration.
Figure 2 shows the fitted efficiency curve of the detector as
a function of gamma rays energy. The Genie 2000
software packages were used for the acquisiion and
treatment of the collected data. Each sample was measured
for at least 24 hours to obtain the y-spectrum with good
statistics. The **Th (63 keV) gamma-ray transition was
used to determine the concentration of **U, the gamma-ray
transitions of energies “'Pb (352 keV) keV and *'Bi (609
keV) were used to determine the activity concentration of
*Ra. The gamma-ray transitions of energies “Ac (911
keV), *"T1 (583 keV), **Pb (239 keV) and **Bi (727 keV)
were used to determine the activity concentration of **Th
and the "K (1461 keV) gamma-ray transition was used to
determine the concentration of “K in different samples.
Specific Activity of each individual radionuclide in ceramic

48

samples was determined using the relation 1, taking into
account the net peak area Ny of a photopeak at energy E ,
the absolute full energy peak detection efficiency &, the
gamma-ray emission probability Ps, the counting time t.
and the mass of the measured sample m.

—ME
€ gjXPEjXtexXm

Agj(Bq/kg) =N (1)

The activity concentration of “"K was calculated directly
using relation 1. While, the *Ra and *Th ones were
obtained from calculated specific activities of their
radioactive descendants As within the assumption of
equilibrium at a photopeak at energy E; by the following
equation.
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Figure 2. Efficiency curve as a function of energies.

3. Results and discussion

8. 1. Levels of activity concentrations

The activity concentrations of the different ceramic
samples are reported in Table 1. They range from

15.19£0.60 to 29.04+0.69 Bq.kg', from 20.36xl1.11 to
40.22+1.65 Bq.kg" and from 311.32+8.88 to 790.78+13.32

Bq.kg" with mean specific activiies 22.28+0.61,
29.39+1.34 and 558.31+11.58 Bq.kg" for *Ra, *Th and
“K, respectively. According to the FEuropean

recommendations and based on a literature study [10, 11],
the worldwide average values for “Ra, *“Th and “K are 40,
40 and 400 Bq.kg', respectively. The results of this study
are below the recommended values for “Ra and "K in all
samples. In the case of "K, they are higher than the global
average in all samples except CB2, CB6 and CC2. It is
obvious from the results displayed in figure 3 that sample
CA2 contains the highest activity concentrations “K and
sample CB1 has the highest specific activities of *'Ra and
“Th. However, sample CA3 has the lowest activity
concentration of “Ra, sample CM1 has the lowest specific
activity of “Th and sample CB2 contains the lowest activity
concentration of “K. These differences in the activity
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concentrations of primordial radionuclides among ceramic

radionuclides in the studied samples, which means that the

samples can be attributed to the dissimilarities in the clay’s sampling sites do not present any anthropogenic
mineral composition of each sample which differ from one contamination.
region to another depending on the geological nature.
Moreover, it is noticed that there 1s an absence of artificial
Table 1: Mean activity concentrations for different samples.
Samples “Ra (Bq.kg") “Th (Bq.kg") "K (Bq.kg")
Origin Code
Algiers CAl 22.45+0.61 30.23+1.61 643.18+12.43
Algiers CA2 28.50+0.68 39.04+1.31 790.78+13.32
Annaba CA3 15.19+0.60 26.73+1.39 583.81+12.30
Batna CB1 29.04+0.69 40.22+1.65 773.34+13.05
Batna CB2 18.90+0.56 23.94+1.07 311.32+8.88
Béjaia CB3 21.64+0.65 33.27+1.40 654.7+12.78
Bordj Bou Arreridj CB4 25.60+0.68 39.23+1.54 724.29+13.47
Bordj Bou Arrerid) CBs 16.99+0.56 31.87+1.39 561.056+11.90
Biskra CB6 15.67+0.49 20.63+1.12 3568.75+9.74
Constantine CC1 23.81+0.65 27.79+1.36 418.86+10.54
Chelghoum Ll Laid CC2 24.05+0.57 23.42+1.12 382.96+9.47
Mascara CM1 23.83+0.62 20.36+1.11 501.88+10.80
Tipaza CT1 23.97+0.64 25.34+1.33 553.06+11.88
Average 22.28+0.61 29.39+1.34 558.31£11.58
‘Worldwide 40 40 400
CM1, which indicate that the ceramic products are
00 _ — enriched in *“Th more than *Ra.
700 T
600 8. 8. Radium equivalent (Raeq)
E,é, 500
§ 400 The distributions of *'Ra, ““Th and "K are not uniform
0 in the samples. Hence, Radium equivalent (Ra.,) has been
jgg introduced to estimate the actual activity level of these
o o) ol ol o] ] ] ] ] ) ol - radionuclides and to assess the radiation hazards
CAL CA2 CA3 €BL CB2 CB3 CB4 CBS CB6 CCl CC2 CML CT1 assoclated with their presence in building materials [14]. It
samples is defined by equation 3 [15, 5].
W226Ra MW232Th m40K

Figure 3. Activity concentrations of “Ra, ““Th and "K in
the studied samples.

3. 2. Correlation studies and activity ratios
In order to find extent of *Ra, “Th and “K together at a
particular place, correlation studies were made between
them as it 1s shown in Figure 4. It can be clearly noticed
that there i1s a low correlation between (“Ra, ““Th) and
(*Ra, "K) pairs in ceramic samples, where the correlations
coeflicients are R= 0.3229 and R=0.3218, respectively.
Nevertheless, there is a high correlation between (*“Th,
"K) pair with a correlation coefficient R*=0.7616. This
strong correlation indicates that the individual result is a
good predictor for the concentration of the other
component of the pair [12, 13]. Table 2 shows activity
concentrations ratios of *Ra, *Th and "K for the
measured samples. The results show that all the *“Th/"K
and “Ra/"K ratios are below unity, which means that the
"K activity concentrations are higher than those of *Ra
and **Th in these samples. Moreover, all the samples have
“Th/”Ra ratios above unity except samples CB6 and

49

Ragq = Agq + +1.43A7, + 0.0774 ®)

Where Arw, An, and Ax, are specific activities of *'Ra,
*Th, and "K, respectively in Bq.kg'. The base estimation
of this formula is that 1 Bq.kg'of *Ra, 0.7 Bq.kg'of *Th
and 13 Bq.kg'of "K produce the same y-ray dose rate [16,
17].

The Ra., calculated values are reported in table 4 and
presented in Figure 5; they lie from 72.79+1.84 Bq.kg' to
146.1£2.66 Bq.kg', with an average value of 107.30+2.20
Bqg.kg' in ceramic samples. The latter are within the
permissible limit of 370 Bq.kg" [5].

3. 4. Activity concentration index (I)

According to the European commission [10], if the
excess gamma radiation originating from construction
materials increases the annual effective dose of a member
of the public by 0.3 mSv at the most, they should be
all their
radioactivity. On the other hand, doses exceeding the dose

exempted  from restrictions  concerning

criterion of 1 mSv should be accepted only in few cases
where materials are used locally [18]. Hence, it 1s
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Figure 4. Correlation between activity concentrations of natural radionuclides in the investigated samples.

Table 2: Activity ratios of *Ra, *Th and "K.

Samples Activity ratios
Origin Code “Th/*Ra “Th/'K “Ra/"K

Algiers CAl 1,35 0.05 0.03
Algiers CA2 1.37 0.05 0.04
Annaba CA3 1.76 0.05 0.03
Batna CBl1 1.38 0.05 0.04
Batna CB2 1.27 0.08 0.06
Béjaia CB3 1.54 0.05 0.03
Bordj Bou Arreridj | CB4 1.53 0.05 0.04
Bordj Bou Arreridj | CBS 1.88 0.06 0.08
Biskra CB6 1.32 0.06 0.04
Constantine cel 1.17 0.07 0.06
Chelghoum El Laid g;ﬁ 0.97 0.06 0.06
%"‘ﬁ‘a o1l 0.85 0.04 0.05
pe 1.06 0.05 0.04
Mean 1.34 0.05 0.04

recommended that controls should be based on a dose
range 0.3-1 mSv.y’, which is the excess gamma dose
contribution to the dose received outdoors [19]. The
activity concentration index can be calculated using

formula 4 [10].

Ak

ATh
+
3000 Bq/kg

ARa
+
200 Bq/kg

300 Bq/kg +

(4)

Where Aw, An and Ax are specific activities of “Ra,
“Th and "K, respectively. The activity concentration index
shall not exceed the values shown in table 3.

Activity concentration index values of the ceramic
samples were calculated. The results are shown in Table 4
and displayed in Figure 6. They range from 0.27 to 0.56
with a mean value of 0.41 which is under both of the
recommended lower limit of I < 0.5 for materials used in
bulk amounts and I < 2 for superficial and other materials
with restricted use (Table 3). As a result, the annual

50

effective dose delivered by the studied ceramic samples is
smaller than the annual effective dose limit of 0.3 mSv.
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Figure 5. Radium equivalent (Ra.) for ceramic samples.



Spatial distribution of natural radioactivity and statistical analyses ...

INTM (2020) Isma Saadi et al.

Table 3: Maximum recommended values of activity

concentration index depending on the dose criterion,
and the way and the amount the material 1s used in a
building.

Dose criterion 0.3 1 mSv.y"
mSv.y'
Materials used in bulk 1 I<1
amounts, e.g. concrete
Superficial and other 1 1<6
materials with restricted
use: tiles, boards, etc.

06
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CA1 CA2 CA3 (CB1 CB2 (B3 (B4 (B5 CB6 (CC1 CC2 CM1 CT1

Samples

Figure 6. Activity concentration index (I) for samples

Activity utilization index (AUI) can be determined by
applying the suitable conversion factors with dose rates in
air from different combinations of *Ra, *“Th and “K in the
studied samples. It can be calculated using equation 5 [20].

Ak

Arh
+ [
500Bq/kg fx

50Bq/kg frn

— ARa
AUl = 50Bq/kg fra

)

‘Where Cr, Cn and Cx are the specific activities of “Ra,
“Th and "K in Bq.kg', respectively. f. (0.462), fu (0.604)
and fx (0.042) are the respective fractional contributions
from the actual activities of *'Ra, *“Th, and "K to the total
dose rate in air [21]. As can be seen in Table 4 and
perceived from Figure 7, the calculated values of AUI vary
from 0.42 to 0.82 with a medium value of 0.61. The
resulted data in this study are less than the recommended
value of 2 which corresponds to an annual effective dose

<0.3 mSv.y" [19].
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Figure 7. Activity utilization index (AUI) for the studied

under investigation. samples.
8. J. Activity utilization mdex (AUI)
TABLE 4. Calculated radiological risk indices.

Samples Ra.(Bq.kg") 1 AUI
CAl 115.22+92.57 0.44+0.27 0.63+0.02
CA2 145.21+2.24 0.55£0.34 0.80+0.02
CA3 98.37+2.16 0.38+0.24 0.51+0.02
CBl1 146.10+2.66 0.56+0.34 0.82+0.02
CB2 77.11+1.77 0.29+0.17 0.49+0.01
CB3 119.63+2.33 0.46+0.28 0.66+0.02
CB4 137.47+2.52 0.52+0.32 0.77+0.02
CB5 105.77+2.26 0.40£0.25 0.59+0.02
CB6 72.79+1.84 0.27+0.17 0.42+0.01
CC1 95.80+2.20 0.36£0.21 0.59+0.02
CcC2 87.03+1.85 0.32+0.19 0.54+0.01
CM1 91.58+1.90 0.35£0.21 0.51+0.01
CTl 102.79+2.20 0.39+0.24 0.57+0.02

Average 107.30+£2.20 0.41+0.25 0.61+0.02

Worldwide 370 1 2

3.0, Statistical analyses of the data

In statistics, histogram is a graphical representation of
the distribution of data. The frequency distribution of *Ra,

o1

*Th and "K activity concentrations in ceramic samples
were analyzed, where the histograms are given in Figure 8.
The graphs show that all radioactive variables exhibited
some degree of multi-modality, which demonstrate that
ceramic composition vary from one region to another.
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Table 5 displays the values of different descriptive
statistics such as mean, standard deviation (o), variance,
kurtosis, skewness, range, and
Which were calculated for the concentrations of natural
radioisotopes “Ra, “Th and "K for the investigated
samples. It can be clearly noticed that the values of the

minimum maximum.

standard deviation are lower than the mean values of
primordial radionuclides, which indicates the high degree
of consistency of their distribution in ceramic samples. It is
also observed that the radioactive variables show a lower
order of variance for *Ra and *"Th which implies a higher
degree of homogeneity and a lower degree of mobility,
hence. They show a higher order of variance for "K

indicating a lower degree of homogeneity and a higher
degree of mobility [22]. Kurtosis is a characterization of
the relative flatness of a distribution; the results of *Ra,
“Th and “K show a negative kurtosis indicating a relatively
flat distribution [22]. The degree of asymmetry of real
distribution be

valued variable can

characterized by means of skewness [22, 23]. The results

haphazard

of this study show positive skewness value for **Th, which
explain the asymmetric tail extending towards values that
are more positive 1n its distribution, however. The results
show a negative *Ra "K
explaining the asymmetric taill extending towards values

skewness values for and

that are more negative in the their distributions.
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Figure 8. Frequency distributions of *Ra, *“Th and "K for the studied samples.

Table 5: Descriptive statistics for concentrations of natural radionuclides *'Ra, **Th and "K in ceramic samples

Radionuclides Descriptive statistics

Concentrations Mean Variance Kurtosis

(Bg.kg')

*Ra 22.28 4.47 20 -0.79

“Th 29.39 6.95 48.23 -1.14
K 558.31 157.91 24934.61 -1.13

Skewness Range Minimum Maximum

*Ra -0.25 13.85 15.19 29.04

“Th 0.39 19.86 20.36 40.22
"K -0.07 479.46 311.32 790.78
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4. Conclusion

The activity concentrations of the naturally occurring

radionuclides *Ra, *“Th and"K have been measured from
thirteen ceramic samples used in Algeria, by means of
gamma spectrometry analysis with a high-resolution HPGe
detector specific for low gamma energies. They have been
found with mean specific activities of 22.28+0.61,
29.39+1.34 and 558.31+11.58 Bq.kg' for *Ra, **Th and
"K, respectively. The obtained data were below the
recommended values for *Ra and *“Th. However, they
were above them for "K. The radium equivalent activity
(Ra.,) values lie from 72.79+1.84 Bq.kg' to 146.1+2.66
Bq.kg", which are lower than the worldwide average of 370
Bq.Kg'. The determined activity concentration index (I)
range from 0.27 to 0.56, the resulted values of I are less
than the standard mean value of 1, the estimated activity
utilization index fluctuates between 0.42 and 0.82 falling
under the recommended limits of unity.
From our study, we can conclude that the wide usage of
ceramic products should be done with caution as they
show high activity concentration of “K. But still no
regulations and restrictions against the usage of these
building materials, hence, more samples should be
analyzed in order to confirm the results obtained in this
study.
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