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Abstract. Measurements of natural radioactivity in drinking water have been evaluated in most
parts of the world to assess the dose rate and irradiation risk. This work aims to determine the natural
radioactivity of bottled drinking water produced in Dire Dawa City and the surrounding area. Natural
radioactivity water from nine different brands is produced and commonly sold in bottles. The measurement
was done by gamma-ray spectroscopy using a hyper-pure germanium detector. The water specific activity
in 2%y ranged from 2.91+ 042 to 4.04 + 0.42 Bq L; in 2%Th, it ranged from 4.66 +2.48 to
13.31 4 0.2.48 Bg L%, and in “°K, it ranged from 106.52 + 8.71 to 136.52 4+ 8.71 Bq L. These results
were compared with the reported values from other countries. Annual estimated effective doses from the
intake of natural radionuclides in bottled drinking water were found to be below the limit of 0.1 mSv y*
recommended by World Health Organization (WHO). The cumulative average annual effective doses of
238y for different age groups of (0— 1), (1 —2), (2—-7), (7 —12), (12 — 17) years, and above 17 years were
estimated to be 3.01, 0.30, 0.60, 0.90, 2.88, and 0.66 mSv y™%, respectively.
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INTRODUCTION

Humans are exposed to ionizing radiation sources that include cosmic rays and
natural radionuclides present in the air, food, and drinking water [20]. This natural
radioactivity (i.e., the background radiation) is the source of radiation exposure of
human body constituents [1]. lonizing radiation, which has always existed naturally,
is constantly irradiating all living species. The sources of that exposure are cosmic
rays from outer space and the Sun's surface, terrestrial radionuclides found in the
Earth's crust, construction materials, air, water, and foods, and the human body itself.
According to UNSCEAR, exposure to natural resources is expected to affect more
than 70 % of the population [35-37]. The global average exposure of humans to
natural sources is 2.4 mSv y* [35, 36]. The estimated dose for the human body due
to natural radionuclides is 0.3 mSv y* [35-37].

Received: June 2023;
in final form July 2023.

ROMANIAN J. BIOPHYS., Vol. 33, No. 3, P. 89-103, BUCHAREST, 2023



90 B.S. Goshu, E. Abasa, Melaku Woldeamanuel 2

According to WHO guidelines, the contribution to the radiation exposure rate
of drinking water is approximately 0.01 mSv y?, as reported in [39]. The specific
activity of drinking water can increase the overall absorbed dose. The specific
concentration of radionuclides in drinking water has been extensively studied by
measuring the level of specific activities and the annual effective absorbed dose
[3, 12-13, 16, 19, 24, 29, 32, 38].

Guidelines issued by WHO for the quality of drinking water show that the dose
rate is below the recommended level (0.1 mSv y 1), and water is believed to be safe
for human consumption [40-41].

Groundwater contains various dissolved radioactive materials [1, 9, 17].
Radionuclides presence in groundwater depends on the physical, chemical, and
geological properties of the aquifer components [1, 9, 17, 42]. The water
radioactivity distribution depends on the geography, soil geology, rock, and other
parameters [1, 9, 30, 37].

Assessment of natural radioactivity in drinking water has been done in
different areas to determine the risk of water consumption [1, 3, 12]. Radionuclides
affect human health since they are deposited in the human body through water
drinking. They radionuclides dissolved in water are emitting radon and gradually
affect living tissues because water penetrates the whole body [1, 5, 12].

The consumption of bottled mineral water in Dire Dawa City is steadily
increasing. This study aims to characterize the quality of bottled mineral waters
regarding the concentration of soluble radionuclides and to assess the health impact
and effects connected to long-term consumption of water containing 238U, 2%2Th, and
40K. Moreover, the nature of the drinking water in Dire Dawa City has been classified
as hard water for drinking purposes [1].

MATERIALS AND METHODS

STUDY AREA

The Dire Dawa City is situated in eastern Ethiopia, surrounded by highlands.
It has 280,000 inhabitants. The ecological environment of this area and its geology
provide good opportunities for industrial development and tourism activities to
stimulate and accelerate the economic growth of the city and the country. It is located
at the latitude of 9°36' N and longitude of 41°52" E.

SAMPLING AND CHEMICAL CHARACTERISTICS OF BOTTLED WATER

For this investigation, samples of bottled mineral water are typical of those
consumed by the population of Dire Dawa City. This water was available on the
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market for over 13 years and was analyzed in this research. There are nine bottled
water samples whose bottle sizes or volumes are similar (Aqua Dire, Aqua Uno, Vita
spring, Ayaan spring, Efftin spring, Free spring, Liban spring, Dal-son spring, and
Aqua souls spring). The samples were labeled using an identification code (ID)
consisting of letters and numbers such as: SBWi (i = 1, 2,...9). They were
commercially available for human consumption in the local markets as shown in
Table 1. They came from wells and boreholes, and they were spread out in various
locations. It can help us to look at the wider geographical distribution to identify the
potential impact of regional heterogeneity on water quality [1, 9, 25].

The sites of industries were found at different locations. It may help us to take
into account of wider geographical distribution to capture any potential effects of the
variability of the underlying geology of the regions to the quality of water [1, 9, 25].

Table 1

Name of the mineral bottled waters with their geographical locations

Bottle water brands Sample codes Latitude (N) Longitude (E)
Agua Dire Mineral SBW1 9.54 41.53
Aqua Uno spring water SBW?2 9.62 4154
Vita spring water SBW3 9.61 41.23
Ayan spring SBW4 9.60 41.87
Efftin spring SBWS5S 9.58 41.76
Free spring SBW6 9.36 41.52
Liban spring SBW7 9.45 41.44
Dal-son spring SBW8 9.43 41.45
Agua souls spring SBW9 9.52 41.23

Sample preparation

The sample was poured into a beaker and evaporated to a volume of 500 mL
on a hot plate. After that, it was transferred to a dry planchet and evaporated on a hot
plate. The residues were weighed and transferred to a clean, dry slab. They were
spread uniformly by drooping ethanol. The deposits were allowed to dry and then
covered with Mylar film for radiation counting [1]. Samples were analyzed for
radioactivity in the Environmental Protection Agency of Ethiopia’s radiation
monitoring laboratory.

Gamma spectrometry

Gamma-ray spectroscopy is a vital tool to analyze the properties of excited
nuclei and determine their decay schemes. The analytical technique is used for the
identification and quantification of gamma-emitting isotopes in a variety of
matrices. Sample preparation and spectrometry allow the detection of several
gamma-emitting radionuclides from the sample. The measurement gives the
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spectrum of the line’s amplitude, which is proportional to the specific activity of
the radionuclide. The line/peak position on the horizontal axis gives an idea of
gamma radiation energy [1].

Sample counting and specific activity measurement

Following the preparation, the sample was placed in the device and counted
for 57,600 s. The sample spectrum was carried out using simple software (Accuspec
software) helping to extract the peak areas. The environmental sample spectra are
analyzed using conventional Genie 2000 package software from Canberra
(Industries, Inc., USA) to calculate the natural radioactivity [14].

The specific activities of 28U, 22Th, and “°K from the water samples were
determined. The specific activity of 23U was determined by taking the mean of the
two photo peaks of the daughter nuclides: 2“Pb at 352.0 keV and ?**Bi at 609.3 keV.
2%2Th specific activity was determined using photo peaks of ?2Ac at 911.1 keV
and of 212Pb at 583.1 keV, while the specific activity of “°K was determined at
1,460.8 keV photo-peak [1, 29]. Because ?*Ra is one important offspring of 23U
with a high lifetime, they will be used alternatively throughout the paper.

The specific activity of the radionuclide in each water sample was calculated
using Eq. 1 [8]:

Ns_Np

ts t

A= S(Eilyl\};s) (1)

where A is the specific activity of the radionuclide, in Bg-L™?, N5 the net counts of
the radionuclide in the samples, Ny, the net counts of radionuclide in the background,
I, the gamma emission probability (gamma yield), (E;) the peak efficiency of the
detector at energy E;, ts is counting time, t, is background measuring time and M; the
mass of the sample (kg) [1, 29]. The radium equivalent activity (Raeg) is defined
mathematically by Eq. (2) [1, 18, 28]:

Ragq = Cy + 1.43Cry, + 0.077Cx )

where Cy, Crp, and Cg are the specific activities of 2°Ra, 22Th, and “°K respectively.
Radium equivalent activity (Rae) more than 370 Bq L is prohibited in order to
prevent the radiation risks [1, 23, 29, 37].

Many radioactive materials decay naturally and produce external radiation
exposure of human beings, the principal radionuclides being 2*2Th, ??°Ra, and “°K.
The U and Th series of produced radionuclides cause a significant human exposure.
The external hazard index (H,y) is calculated by Eq. (3), reported in [1, 29]:

— S , Cm, Ckx
Hex = 370 + 259 + 4810 =1 ®)



5 Radioactivity and radiological hazard of bottled water 93

This index must be less than unity to make the radiation hazard insignificant,
and the geographic area safe for humans to live in.

The internal hazard index (Hin) can be determined by Eq. (4), mentioned in
[1,8, 29]:

Cy Cth Cx
. =—=U 4 -Th <
H, 185 + 259 + 4810 — 1 (4)

The value of this index must be less than unity to make negligible the
radiation hazard. Both indices are pure numbers and therefore, do not have
dimensions [1, 8, 28].

The outdoor absorbed dose rate, AD, reported in [37] has an average value of
51 nGy h™%. The rate is given by Eq. (5) [37-38]:

AD = 0.461Cy + 0.623Cry, + 0.0417Cx (5)

where the coefficients: 0.461, 0.623, and 0.0414 (nGy-h1)/(Bg-L™?) are the
conversion factors for 238U, 232Th, and “°K, respectively.

The annual estimated average effective dose received by the people was
calculated using a factor of 0.7 Sv-Gy, which was used to alter the absorbed
dose rate to the human effective dose equivalent with an outdoor 20 % and an
indoor of 80 % [1, 8]. Annual estimated effective dose equivalents (AED) for
outdoor and indoor use are calculated based on conversion factors given by
Egs. (6) and (7) [8, 23]:

AEDqytdoor(mSvy™1) = AD(nGy - h™1) X 8,760h x 0.2 X 0.7SvGy ™! x 10~3(6)

AEDipdoor(mSvy™1) = AD(nGy - h™1) x 8,760h x 0.7 x 0.7Sv Gy~ ! x 1073 (7)

The gamma radiation hazard index (ly) is another radiation index (called also
representative level index) defined by the following formula:

I, = 0.0067Cy + 0.01Cyy, + 0.00067Cx < 1 8)

where Cy, C, and Ck have the same meaning as in Eq. (5)

The estimation of annual effective doses to an individual, due to intake of
natural radionuclides from bottled drinking water, is estimated using the following
relationship.

Dy = CwCRy Dy (9)

where D,, is the annual effective dose (mSv y~1) due to ingestion of radionuclides
from the consumption of bottled water, Cy is the specific concentration of
radionuclides in the ingested drinking water (Bq L), CRy is the annual intake of
drinking water (L y), Dcw is the ingested dose conversion factor for radionuclides
provided by ICRP (Sv Bq?) [36-37].
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The conversion factor varies with age for different age groups: (0-1), (1-2),
(2-7), (7-12), (12-17) years, and 4.7 x 107°,9.6 x 1077,6.2 x 1077, 8.0 x 1077,
1.5 x 107, and 2.8 x 10~7 Sv. Bq* respectively [41].

The annual effective dose from bottled drinking water has been calculated
keeping in view the different age groups: (0-1), (1-2), (2-7), (7-12), (12-17)
years, and above 17 years. For this study, the annual average intake of bottled
drinking water is considered to be 200, 260, 300, 350, 600, and 730 liters for the
age groups of (0-1), (1-2), (2-7), (7-12), (12-17) years, and adults of age above
17 years [42].

The radiological risk related to the radium isotope can be evaluated by
calculating the lifetime cancer risk (R) using the following equation [11, 14]:

R = MCL x RC X TWI (10)

where MCL is the maximum contaminant level (Bq L), RC is the mortality risk
coefficient (7.17 x 10° and 2.0 x 1078 per Bq for 23U and 2%*Th, respectively), and
TWI is the total water intake (2 L d* x 365.4 dy ! x 70 ys) [10].

Analysis of water samples

The samples were analyzed using an n-type coaxial CANBERRA high-
resolution gamma-spectrometry system. The spectrometer consists of high purity
germanium (HPGe) detector coupled to a desktop computer provided with Genie
2000 software for spectrum acquisition and determination.

RESULTS AND DISCUSSIONS

RESULTS

The outcome of the radioactive background radiation from the
radionuclides in the sample of mineral bottled water in Dire Dawa City, Ethiopia.
Drinking bottled water contains several natural radionuclides. This work helps to
determine the specific activity of 238U, 232Th, 4°K, radium equivalent, radiation
hazard indices, or public health hazards, and annual effective doses of inhalation
and ingestion of water.

Table 2 shows the chemical data of the water samples given by the producer
list. The pH measurement is the most important and frequently used test in water
chemistry, as shown in Table 2.

The Ethiopian drinking water standard has set an allowable pH value ranging
from 6.5 to 8.5 [4, 16]. The mineral bottled water produced in Dire Dawa City has a
pH of 7.0 to 7.1, which is below the country standard limit set by [16, 39].
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Table 2

The chemical parameters of bottled drinking water brands.
TDS = total dissolved solid in one liter of water

Bottled water brands pH TDS (mg L)
SBW1 7.1 23.0
SBW2 7.1 27.0
SBW3 7.1 20.0
SBW4 7.0 35.0
SBW5 7.2 80.0
SBW6 7.1 85.0
SBW7 7.0 8.7
SBW8 7.1 10.0
SBW9 7.1 21.0
Ethiopian standard 6.5-8.5 1,000
WHO standard [38] 6.5-8.0 500

TDS is the total dissolved solids in 1 L of water, which describes all solids
(including mineral salts) dissolved in water. Recent works show that TDS found in
drinking water ranged from 105 to 478 mg L* [30]. The TDS values of mineral
water in Dire Dawa City ranged from 8.7 to 80 mg L ! below the mentioned results

[15, 30].

The chemical properties of various brands of bottled drinking water in Dire
Dawa City are shown in Table 3. Drinking water hardness ranged between 10 and
500 mg of CaCOg; per liter, according to WHO recommendations [39-41]. The
CaCOs content in all mineral bottled water is less than the limit recommended by
WHO [15]. As a result, the bottled water produced and consumed by inhabitants is
deemed soft and safe to drink.

Chemical parameters of different brands of bottled drinking water samples (mg L ™)

Table 3

given by the processors

Chemical SBW1 | SBW2 | SBW3 | SBW4 | SBW5 | SBW6 | SBW7 | SBW8 | SBW9

components | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L)
Ca*" 3.20 1.8 1.80 4.8 1.80 0.80 2.85 33
Mg** 0.10 1.30 0.8 0.38 11 0.81 0.10 0.65 11
Na* 1.50 2.70 1.4 3.00 3.0 0.90 0.50 1.20 2.4
cl- 2.84 3.24 5.4 3226 | 10.0 0.30 241 1.40 32
SO42 3.20 0.004 34 2.02 0.20 1.20
CaCOs 5.00 6.28 4.80 18.2 | 10.30 | 1.00 6.80 4.2
NOs 0.80 0.01
K* 0.60 1.6 25 0.32 0.20 2.40 0.8
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Drinking water in the United Kingdom has a mean K* value of 2.5 mg L and
an upper 90™ percentile concentration of 5.2 mg L, according to research [27]. Its
value is equal to that of the bottled water with code of SBW5 which is greater than
the recommended value of the Ethiopian standard. The K* concentration in some
water brands is lower than the standard values, which does not pose health concerns

The activity concentrations of natural radionuclides ?®U, 2Th, and “°K in
different bottled water samples available in Dire Dawa City are shown in Table 4. It
is observed that the specific activity in bottled drinking water samples due to 28U
varies from 2.91 + 0.42 Bq L t0 4.04 + 0.42 Bg L with an average of 3.50 + 0.42 Bq L™,
for 22Th, varies from 4.66 + 2.48 Bq L1 t0 13.31 + 2.48 Bq L%, and for “°K, ranges
from 106.38 + 8.71 to 136.52 + 8.71 Bq L * with an average of 121.24 + 8.31 Bq L~
! Table 4 shows that the specific activity of 28U, 22Th, and “°K in all samples are
varied, which may be attributed to the mineral contents of the drinking water. The
result revealed that the highest specific activity of “°K was obtained in this work.

Table 4

The specific activity of natural radionuclides 23U, 232Th,
and “°K sampled bottled water in Dire Dawa.

Name 28y (BgLY 232Th (Bq L) K (BqLY
SBW1 3.07 12.49 124.58
SBW2 3.99 12.20 118.58
SBW3 1.89 9.55 3.00
SBW4 3.21 10.53 124.83
SBW5 3.17 10.47 106.38
SBW6 3.68 10.85 117.81
SBW7 3.76 11.21 122.90
SBW8 291 13.31 112.60
SBW9 3.70 11.18 126.94
Average 3.26 11.31 106.40
Max 3.99 13.31 126.94
Min 1.89 9.55 3.00
Std 0.63 1.16 39.33

Table 5 shows the radioactive equivalent, rate of absorption, external and
internal annual effective dose, and external and internal risk level. The radium
equivalent of bottled water varies from 15.78 + 4.67 to 30.61 + 4.67 Bq L%, with an
average of 27.63 + 4.67 Bq L. The radium equivalent has a peak in SBW8-code
bottled water. The absorbed dose rate of bottled water produced and distributed in Dire
Dawa City and the surrounding was varied from 6.95 + 2.36 to 14.39 + 2.36 nGy h!
with an average of 12.99 + 2.36 nGy h™1. The absorbed dose rate has its peak in
SBW!1 code.

The annual effective dose for the residence consumer due to intake of radon
from bottled water was evaluated using Egs. 6 and 7. The result shows that the annual
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effective dose rate for the outdoors varied from 0.01 to 0.02 mSv y* with an average
of 0.02 mSv y ! whereas, the indoors, it varied from 0.03 to 0.07 mSv y* with an
average value of 0.06 mSvy ™.

The internal and external hazard indexes have been determined, where the
internal hazard index was 0.05 £+ 0.01 to 0.09 + 0.01 while the external hazard index
was 0.04 + 0.01 to 0.08 +0.01, which is below the maximum hazard index
according to UNSCEAR [36-37]. The external radiation hazard index is less than 1,
and makes bottled water safe to consume.

Table 5

The radium equivalent activity, absorbed dose rate, outdoor and indoor annual effective dose, and
external and internal hazard index of the samples collected from the city’s local market.

Samples Raeq AD AED [mSvy1] Hex Hin L,
-1 -1

codes | (BqL™) | (nGyh™) Outdoor ‘ Indoor
SBwW1 30.52 14.39 0.02 0.07 0.08 0.09 0.23
SBW2 30.57 14.38 0.02 0.07 0.08 0.09 0.23
SBW3 15.78 6.95 0.01 0.03 0.04 0.05 0.11
SBwW4 27.88 13.25 0.02 0.06 0.08 0.08 0.21
SBW5 26.33 12.42 0.02 0.06 0.07 0.08 0.20
SBW6 28.27 13.37 0.02 0.07 0.08 0.09 0.21
SBW7 29.25 13.84 0.02 0.07 0.08 0.09 0.22
SBW8 30.61 14.33 0.02 0.07 0.08 0.09 0.23
SBW9 29.46 13.96 0.02 0.07 0.08 0.09 0.22
Average 27.63 12.99 0.02 0.06 0.08 0.08 0.21
Max 30.61 14.39 0.02 0.07 0.08 0.09 0.23
Min 15.78 6.95 0.01 0.03 0.04 0.05 0.11
Std 4.61 2.36 0.00 0.01 0.01 0.02 0.04
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Fig. 1. The age-dependence of the annual effective dose of 238U due to ingestion.
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Fig. 2. The age-dependence of the annual effective dose of 4°K radionuclide.

The annual effective dose of “°K is shown in Fig. 2. The results revealed that
for adults, the annual effective dose varied from 0.01 to 0.07 mSv y! for ages
between 12 and 17 years. It varied from 0.01 to 0.58 mSv y* for ages between 7 and
12 years. It was varied from 0.01 to 0.58, for ages 27 years. For ages, 1-2 years
varied from 0.02 to 0.60 mSv y . For ages 1-2 years varied from 0.03 to 0.80 mSv y*
and for infants, ages 0-1 years varied from 0.04 to 1.57 mSv y 1. The minimum
annual effective dose of “°K was observed in SBW3 sample codes at all ages.

25.00
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15.00 w
10.00 w

5.00
0.00

232Th [mSv.y1]

SBW1 SBW2 SBW3 SBW4 SBW5 SBW6 SBW7 SBWS8 SBW9

Sample codes

Annual effective dose due to

—0=0-1 =@=1-2y 2-7y 712y =@==12-17y ==@==>17
Fig. 3. Age-dependence of the annual effective dose of 232Th radionuclide.
The annual effective dose of 2*2Th is shown in Fig. 3. The results revealed

that for adults, it varied from 17.5 to 17.25 mSv y*. The range for ages 12 to
17 years varied from 16.20. to 14.75 mSv y L. For ages between 7-12 varied from
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14.72 to 11.35 mSv y*. For ages 27 years varied from 12.31 to 12.17 mSv y* and
for infants ages 0-1 years varied from 8.94 to 9.99 mSv y L.

N 2387U  emmm—N232Th

1.60E-05 1.60E-04
1.40E-05 1.40E-04
1.20E-05 1.20E-04
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Fig. 4. Cancer risk due consumption of bottled water contaminated with 238U and 232Th,

The cancer risk due to bottled water is shown in Fig. 4. The cancer risk associated
with bottled drinking water for 28U varied from 6.44 x 10~* 10 1.36 x 10~3 and mean
value of 1.11 x 1073, Similarly, ?Th cancer risk varied from 9.08x 1073 to
1.26 x 10~2 with a mean value of 1.07 x 1072, The results of this study showed that
the estimates of the effective annual dose and the risk of cancer in humans based on
the concentration of 28U and 2?Th differ from the previous results [11].

DISCUSSION

The specific activities of 28U 2%2Th, and “°K levels were reported in other
studies carried out, especially when compared with bottled water studies from
Bangladesh, Saudi Arabia, Ghana, Pakistan, Iran, and Dire Dawa shown in Table 6.
The result revealed that the specific activity of 23U is lower than the value obtained
in Pakistan. The present finding of radionuclide specific activities is moderate
relative to other countries mentioned in Table 6.

The average ?*?Th concentration obtained in this work is higher than that in
other countries, as shown in Table 6. When compared to the well water from the
other cities (Table 6), the bottled water had a higher specific activity. In addition,
one of the samples had a higher specific activity of “°K than the water from the other
countries (Table 6).
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As one can see in Table 5, the Raeq (radium equivalent activity) is lower than
the international limit mentioned in [2]. Moreover, the result obtained by [1] in
groundwater, in the same city and in the summer season, was higher than that in the
current study.

The quantities commonly used for estimating the exposure of the population
to terrestrial radionuclides are the absorbed dose rate and the annual effective dose.
The calculated average absorbed dose rate was 12.99 nGy ht which was lower than
the average value of 60 nGy h* [36]. It could not pose any health risk to the people
staying in the area, as they will receive low doses of these harmful radionuclides.

This study shows that the total annual effective dose in the bottled water sample
for outdoor and indoor exposures is much smaller than the internal exposures shown
in [36] and reported an average value of 0.12 mSv y*, which is lower than the limit of
0.1 mSv y* [41] and lower than the ICRP preference limit of 1.0 mSv y* [24, 39-41].

The average external hazard index (Hex) values were 0.08, and the internal
hazard index (Hin) was 0.08. These values were much less than unity and are
considered insignificant and safe for humans consuming bottled drinking water.

The cancer risk for adults was shown in Fig. 5 and compared to [11]. The
estimation coefficients for 28U and 2Th in samples 3 and 8 were compared with the
coefficients mentioned in [14]. The findings of the remaining are higher than the
values listed in [11, 14].

Table 6

Comparison of specific activity naturally occurring of radionuclides in bottled and groundwater in the
area (range and average values)

Country Types of Parameters 226Ra 232Th K Refs
water (Bq L™ (BgL™ (BgqL™Y

Bangladesh | Bottled water | Range 1.89-4.97 1.42-9.72 10.88-32.24 [28]
Average 3.28 6.40 18.26

Saudi Groundwater Range 0.24-1.52 |0.15-0.81 0.66-5.64 [6]

Arabia Average 0.85 0.43 2.84

Ghana Bottled water | Range 0.00-0.53 0.30-0.56 3.57-5.74 [26]
Average 0.14 0.43 4.87

Saudi Bottled water | Range 0.21-2.25 0.37-3.00 0.24-33.74 [5]

Arabia Average 0.77 1.30 11.10

. Range 8.00-15.00 |4.00-6.00 92.00-216.00

Pakistan Bottled water Average 11.30 520 120,90 [16]
Range 0.12-2.84 0.39-7.47 2.93-7.17 [19]

Iran Groundwater | Average 0.67 1.65 4.72

Et_hiopia, Groundwater Range 2.07-6.38  |2.43-10.56 |109.27-221.50 [1]

Dire Dawa Average 4.36 7.81 131.26

Ethiopia, Range 1.89-3.99 [9.55-13.35 |3.00-126.94 This

Dire Dawa | Bottled water | Average 3.26 1131 106.40 study

I Range 1.47-7.28 |1.67-3.36 46.93-97.62
Nigeria Well water Average 361 56 60.84 [33]
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CONCLUSIONS AND RECOMMENDATIONS

The most popular bottled mineral waters or springs in Dire Dawa were
examined in terms of their radioactive background radiation, radiation equivalent,
absorbed volume, and potential health hazards. The selected analytical approach
ensures low detection limits and precise results.

A total of nine brands of mineral bottled water samples were investigated for
the content of 38U, 2%2Th, and *°K. The different brands had different concentrations
of radionuclides, and the corresponding average annual effective doses did not
exceed the recommended WHO limit.

The average specific activities of 23U, 22Th, and “°K are 3.26, 11.31, and
106.40 Bg L, respectively. These values are below the current WHO guideline
recommendations and the reported concentrations in drinking water in different
countries.

In comparison to 2®U and #2Th, the specific activity of “°K, a naturally
occurring radionuclide in the Earth's crust and the human body, this one is the
primary contributor in all of the chosen bottled water samples. The “°K average
specific activity was higher than those in some works in Table 6.

The data generated in this study will provide a solid baseline for setting the
standard quality of bottled drinking water in Ethiopia.
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