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Abstract. The environmental monitoring of radon contents in some bottled and sachet water were
carried out, with the aid of an active radon device (RAD7) made by Durridge, USA. This study is aimed
to determine the level of radon in selected bottled and sachets water in major market in lle-Ife, with a
view to establishing the health risks that could arise in consumption of the water. The results obtained in
this study show that all the water samples were safe for consumption without any health implication from

radiological point of view.
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1. Introduction

Radon is ubiquitous gas formed by the decay of parent radionuclide, Uranium-238, which is
present in soils, rock and water [1, 2]. Due to the high rate of diffusion of radon, it can easily
create its way to the entire household through opening in the walls, crack in the foundation,
therefore makes radon unavoidable gas. The three significant isotopes of radon are
222Rn, ?Rn, and “®Rn. These isotopes are significant because of their half-life
[3]. Though the health hazard pose by **Rn explains why it is most widespread phenomenon
among other isotopes. Epidemiological studies have shown that there is a relationship
between the occurrence of cancer and high level of radon [4], especially among the mine
workers [5]. Radon is the major contributor of radioactivity in the earth’s atmosphere; radon
and its progenies have been established to be one of the causes of lung cancer among non-
smokers. It is reported that it causes 21000 lung cancer deaths per year in the United State
[4]. The hazard from radon can be through inhalation and ingestion of the short-lived decay
products of radon [6]. Inhalation and ingestion of high level of radon from air and water
respectively cause lung and stomach cancer respectively in humans. They are alpha particles,
with low penetrating power, yet they transfer huge energy to the biological cells they interact
with, this deposited energy is what initiates cancer. The radiation splits the water molecules

and release free radicals. The reaction of this radical causes damages to DNA of the cells,
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thus causing abnormal of growth of the cells called cancer [7]. There is variation in the
activity of radon content in different water types and this activity can be affected by the
source, lithology of the aquiver host rock and processes at which the water is subjected to
during its exploitation. The distance between the source of the water and the consumers, also
has significant effect on the activity of radon level. If the distance is short, there are
tendencies for its consumers to have more radon level compare to that of long distance. It has
been established that quality water is the human birthright [8-15], therefore quality of water is
not negotiable. There are many contaminants in unprocessed water, such as biological,
chemical and radiological contaminants; in view of this many has been forced to be drinking
processed water such as bottled water and sachet water. This is what formed the basis of this
work, in order to assess the radiological contaminants in the bottled and satchet water in lle-
Ife. The aim of this study is to determine the radon concentrations present in sachet and
bottled water across lle-Ife, southwestern Nigeria. Some of the previous works on
determination of the level of radon gas in drinking water include Oni et al. [1], Yusuff et al.
[2], Oni and Adagunodo [5], and Mittal et al. [6].

2. Location and geology of the study area

Ile-Ife is one of the ancient cities in southwestern Nigeria located in Osun State, with an area
of 111 km?. It has an estimated population of about 501,000 [17]. The vegetation in Ile-Ife is
composed of evergreen light forest, grasses and herbs. Rainy and dry seasons are the two
notable seasons in the study area. The rainy season is characterized by heavy rainfall from
April to October, while the dry season is from November to March. The average temperature
of 24.5 and 28.8°C are the recorded mean values in the month of August and February,
respectively [18].

lle-1fe is located on the Basement Complex rocks of southwest Nigeria, which are composed
of Older granite, Migmatite-gneiss Complex, and the Schist belt (Figure 1). The common
rock types in the study area include banded gneiss, granite gneiss, and mica schist. These
classifications and petrologic units of these rocks have been discussed by Ajayi and
Adepelumi [19].
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Figure 1: Geological map of Nigeria showing lle-Ife (modified after [20]).

3. Materials and methods

Four (4) samples were bought per product with different seventeen (17) products across the
major markets in lle-Ife. This was done to ensure accuracy and that the mean value of each
product was used for the final analysis. The sample water was poured into the prewashed jar
(with distilled water) of 250 mL, the water jar was capped immediately, in order to have good
representation of the samples, the capped jar were labelled [21]. The degassing of radon was
avoided during the transfer of water into the prewashed jar [6, 22].

The samples were analysed using an active simple electronic radon monitoring device,
manufactured by Durridge Company, USA. The device uses alpha spectrometric technique.
The detector is designed in such a way that it can measure radon from outdoor and indoor.
But to determine concentration of radon in water, a water kit is attached to the device. During
the samples measurement, it was ensured that relative humidity of the device was kept as low
as 6%, by constant purging of the device as recommended in the manual [23]. RAD 7 was set
to wat-250 for period of 5 minutes. The equipment was allowed to have break for 5 min and
then count each water sample for duration of 30 min in five cycles. Radon concentration was
determined by RAD?7 taking into consideration the calibration of RAD7, volume of the closed

air loop of the set up and the size of the vial used. The counting time was shorter than
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13.8 days, which is the half-life of radon. This made RAD-7 outstanding in performance than'

other passive and active detectors for 2Rn measurement in water. Five runs were done for
each sample. At completion of the runs, the device automatically displays the average results
of the five runs. Decay correction factor must be considered during the measurement of
radon, for a measurement when long times are required.

A dose conversion factor was used to account for the period of production and the period the
measurements were taken using decay correction factor (DCF).

3.825(half — life of radon X 24h/day
Time Constant = (half ! ; ); /day =1324h
n

DCF= exp(T|132.4 h) Q)

Where T is decay time in hours. DCF is a simple exponential function with a time constant.
The results were corrected back to the sampling time by multiplying with the decay

correction coefficient

Committed Annual effective Dose for Ingestion

Radon assessment of drinking water is exceptionally significant due to the health hazards,
principally as a cause of lung and stomach abnormal growth of the cells called cancer [24].
Committed annual effective dose from ingestion was calculated using Equation 2 according
to Somlai et al. [25], Ali et al. [26], and El-Taher [27].

E=kxGXCXT (2)
Where E = committed effective dose from ingestion (Sv)

K= Ingestion dose conversion factor of “’Radon

G= water consumption, 2L per day (World Health Organisation [28]).

C= Concentration of radon, Bg/L.

T= Duration of consumption, 1 year (WHO 2008).

4. Results and Discussion
A total of sixty-eight (68) water samples from seventeen (17) brands were analysed for radon
concentration. Tables 1 and 2 showed the obtained results from the water samples. The mean

activity of concentration of radon in selected brand of bottled water samples range from 0
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Bag/l to 9.45 Bg/l with overall mean of 2.44 Bg/l, while for sachets water samples range from
0.04 Bg/l to 0.51 Bg/l with overall mean of 0.25 Bg/l. It was observed that radon

concentration in bottled water samples were greater than that of sachet water samples.
Comparing the results obtained for both bottled and sachets water samples with
recommended reference value of 100 Bg/l by World Health Organisation (WHO), it was
observed that the results obtained in this work were found to be lower than the recommended
value. The variation in the obtained results could be due to variation in amount of uranium of
the bed rock basement of the sources of water, procedure adapted during the process and
storage duration [26, 29].The higher values were found in Aqua Alba and lowest values were
found in sample Cway and Awwal respectively. In the two samples radon were not found.
This could be as a result of processing that samples were subjected to before they were
released for public consumption. The average doses ingested were also estimated and it is
shown in the Tables 1 and 2. In as much as dose ingested are functions of radon
concentration, therefore the ingested and inhaled doses were found to be higher where the

radon concentration is found higher.

Table 1: Results of Radon concentration measurement in commercial bottled water and its

annual effective dose

Sample name | A" A (bg/l) Annual effective | Annual effective
(bg/l) Original decay | dose ingestion | dose ingestion
radon adult (usvly) children (usv/y)
Aqua Alba 1.6057 | 9.4493 6.8979 x 10 1.3796 x 10
Agquarealm 2.0178 0.67945 49599 x 10 9.9120 x 10°
Aguadana 0.8282 | 6.6254 4.8365 x 10 9.6731 x 10°
Eva 0.0588 | 0.2153 1.5717 x 10° 3.1434x 10°®
Mr. V 0.0704 [7.5328x10% |5.4989x 107 1.0998 x 10
Mokuro 0.0234 | 0.1302 9.5046 x 10" 1.9009 x 10°
Cway 0 0 0 0
Bigi 0.0234 [5.1948x 10" |3.7922x 107 5.5366 x 10™
OAU 0.0469 |7.2226x 10* |5.2725x 107 1.0545 x 10°
Awwal 0 0 0 0
AVERAGE | 0.46746 |2.4428 1.7982 x 10™ 3.5964 x 10-*
MAXIMUM |2.0178 | 9.4493 4.8365 x 10° 1.0998 x 10
MINMUM 0 0 0 0
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Table 2:

commercial sachet water
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Sample name A A0 Annual effective dose | Annual effective dose
(bg/l) (bg/l) ingestion adult (usv/y) | ingestion children (usv/y)

OAU 0.3182 [0.0894 |6.53x 10" 1.306 x 10°®
MOKURO 0.5068 |0.1424 |1.0395x10° 2.079 x 10°®
MATJEL 0.2475 |0.0685 |5.0005x 10”7 1.0001 x 10°
TG PEARL 0.0479 |0.0135 [9.855x10° 3.4806 x 10°®
LEO BRIGHT |0.1765 |0.0496 | 3.6208 x 10 1.7403 x 10°
LAFFAX 0.3418 [ 0.0960 |7.008x 10 8.7016 x 10”7
DEE 0.1060 [0.02908 |2.1754x10° 4.3508 x 10"
COMMUNIOM
AVERAGE 0.2492 |0.0699 |5.1022 x 10" 1.5587 x 10°
MAXIMUM 0.5068 |0.1424 | 1.0395x 10° 3.4806 x 10°®
MINIMUM 0.0479 |0.0135 [9.855x10°® 8.7016 x 10”7

5. Conclusion

Radon concentrations have been determined for both bottled and sachet water samples

obtained in major markets in lle Ife and its environs. The maximum of radon was found in

Aqua Alba water samples. Apart from the channel of abstraction of the water which could

influence the level of radon concentration in the analyzed water, the processes involved

during production of the packaged water could also influence it. From the results obtained in

this work, it could be concluded that all the analyzed water samples showed lower radon

concentration than the WHO recommended value of 100 Bqg/l. Therefore, the analyzed water

samples are safe for consumption. However, periodic monitoring is recommended in the

study area to ensure radiological safety.
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