J Radioanal Nucl Chem (2014) 299:1427-1431
DOI 10.1007/s10967-013-2899-7

Tritium activity levels in drinking water of Adana, Turkey

E. Goren - S. Turhan - F. A. Ugur -
F. Gezer - B. Ozdemir - Y. Ufuktepe

Received: 12 August 2013 /Published online: 23 January 2014
© Akadémiai Kiado, Budapest, Hungary 2014

Abstract Tritium activity in potable drinking water
samples from Adana city were measured using liquid
scintillation counting after distillation procedure. The
results exposed that the activity concentrations of the tri-
tium measured in one-third of these samples were lower
than minimum detectable activity which has a value of
2 Bg/L for counting time of 1,500 min. However, the
maximum and mean value of the tritium activity was found
to be 9.1 Bq/L (77.3 TU) and 7.0 Bg/l (5§9.4 TU), respec-
tively. These values were substantially below the 100 Bq/L
which is normative limit in Turkey for waters intended for
human consumption. The highest values of annual effective
dose received by infants, children and adults due to mea-
sured tritium activity were estimated as 0.041, 0.057 and
0.120 pSvly, respectively.
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Introduction

Tritium (3H, t1» = 12.3 a) radioactive isotope of hydrogen
decays as a beta emitter. Tritium is produced naturally in
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the upper atmosphere when cosmic ray interacts with
nitrogen and oxygen nuclei [1]. Tritium was also produced
artificially during nuclear weapon tests conducted from
1945 until 1963 and production of electricity by nuclear
reactors. However, the concentration of tritium in the
atmosphere reached the maximum level in 1963, which has
been decreasing at a rate equal to its half-life [2].

Tritium exhibits almost the same physical and chemical
properties of hydrogen and so it reacts with oxygen to form
radioactive water (tritiated water, HTO) molecules. HTO
enter into hydrologic cycle in the environment like ordinary
water. Tritium entering the human body by ingestion,
inhalation, and through the skin by absorption, diffuses
freely and rapidly across the membrane of soft tissue [3].
Hence, it is important to determine the levels of tritium
activity in water samples intended for human consumption.
Tritium concentration limit in drinking water established by
European Directive [4] and Turkish drinking water legisla-
tion [5] is 100 Bq/L. Nowadays, many studies related to
determination of the tritium activity levels in water samples
from different origins were carried out in various countries
[6-12]. There are few studies on the measurement of tritium
activity concentration in drinking water in Turkey [13, 14].
However, data on tritium activity in drinking water con-
sumed in Adana city is not available in the literature. Adana
city is the Turkey’s fifth largest city (a population of
2,125,635). Adana city lies in the heart of Cukurova region
which is a geographical, economic and cultural region and
covers the provinces of Mersin, Adana, Osmaniye, and
Hatay. There is no nuclear power plant in Adana city. But,
Adana is about 140 km to Akkuyu nuclear power plant
having installed total power of 4,800 will be built in Turkey,
at Mersin province on the Mediterranean coast.

In the present study, the activity concentrations of the
tritium in drinking water samples consumed in Adana city
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was measured using a liquid scintillation counter (LSC)
system, which is the most commonly used technique for
measuring radionuclides emitting low-energy beta activity,
such as tritium, after distillation and enrichment process.
Experimental

Sample and sample preparation

Twenty-one drinking water samples were collected from

the different tap water systems (public water supply sys-
tems) in Adana city (Fig. 1). In Adana city, surface water
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Fig. 1 The location of sampling sites in Adana province

@ Springer

supplied from Catalan Dam constructed on the Seyhan
River is used as drinking water. The water samples were
transported in 1 L well-sealed plastic bottles to laboratory
for the tritium measurement. Conductivity of all samples
was measured before distillation procedure which was
performed to avoid any impurities, reduce quenching and
prevent the introduction of other radionuclides altering
measurement results [9]. All reagents such as sodium
hydroxide (NaOH), potassium permanganate (KMnQO,) and
liquid scintillation cocktail in experimental procedures
were of analytical grade. Each water samples was placed in
a distillation volumetric flask of 250 mL. Then, a few
drops of 0.05 N of KMnO, and 6 M of NaOH were added
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and the distillation process was accomplished at a tem-
perature range of 100-105 °C.

Sample counting

An aliquot of 8 mL of the distillate was placed in a 20 mL
polyethylene scintillation vial, and mixed with 12 mL of
scintillation cocktail (Ultima Gold LLT, Packard). The
prepared samples were stored in dark room for 24 h to
eliminate the quenching and the effect of luminescence in the
vial before LSC measurements. Then, the samples of dead
water (DW), laboratory standard (LS), and spike standard
(SS) and drinking water (DRW) in vials were counted for
three cycles of 500 min each. The total measurement time for
each sample was approximately 1,500 min. Beta counting
was performed using the Packard TriCarb 2900TR whichis a
computer-controlled benchtop liquid scintillation analyzer.
Tritium spectrum was calibrated by using a calibration pro-
tocol called Self-Calibration and Normalization/Instrument
Performance Assessment, measuring a set of “H standards
(2434.6 Bg/L on 11 January 2011).

Measurement of the tritium activity in the drinking
water samples

The minimum detectable activity (MDA) used to discrim-
inate a measurement from the background was calculated
using equation below [9, 15]:

16.7+ 3-29\/Cmew s (1 +’—) +3

Ipw

MDA(Bg/L) = poS—"
Tow -

(1)

where cpmpy is the net count rate of the dead water
sample (counts per minute); tss and tpw are the spike
standard and the dead water sample counting time
(1,500 min), respectively; V is the volume of the sample
(L); & is the counting efficiency. Tritium activity
concentration in the drinking water sample is obtained by
the following equation:
CpMprw — CPMpw
ABg/L) === J (2)

where cpmprw and cpmpyw are the net count rate of the
drinking water and the dead water sample (counts per
minute) and F is chemical yield. The tritium activity
concentrations were converted to tritium unit (TU) using
the following relation:

A (Bq/L)

ATU ==5113

(3)

Results and discussion

The minimum detectable activity was calculated as 2 Bq/L
for counting time of 1,500 min using Eq. (1). The activity
concentrations of the tritium (in terms of Bg/L and TU)
measured in 21 drinking water samples collected from
Adana are presented in Table 1. The activity concentrations
of the tritium varied from <MDA to 9.1 Bg/L (77.3 TU)
with a mean of 7.0 & 0.2 Bg/L (59.4 + 1.6 TU). Table 2
presents the tritium activity concentrations in water samples
from different origin. The mean activity concentration of the
tritium measured in the present study is comparable with
those reported in the literature.

Annual effective dose (E.s) associated with radiation
exposure through ingestion of the drinking water sample
was estimated to assess the health risk to the members of
the public (infants, children and adults) using the following
formula:

Table 1 The values of the tritium activity concentration measured in
the drinking water samples

Sample code Activity concentration of tritium

(Bg/L) TU

DRW1 <2? <16.9°
DRW2 <2 <16.9
DRW3 <2 <16.9
DRW4 <2 <16.9
DRW5 <2 <16.9
DRW6 <2 <16.9
DRW7 <2 <16.9
DRWS8 9.1+ 1.8 773 £ 15.3
DRW9 79+ 1.8 67.1 £15.3
DRWI10 77+ 14 64.8 £ 11.9
DRWI11 83+ 1.8 70.1 £ 15.3
DRW12 6.8+ 1.9 574 £ 16.1
DRW13 53+ 1.7 449 £+ 144
DRW14 47+ 1.8 399 £ 153
DRW15 74+ 1.8 623 £ 153
DRW16 65+ 1.6 549 £+ 13.6
DRW17 84+ 14 714 £ 11.9
DRW18 9.0+ 14 76.5 £ 11.9
DRWI19 63+ 1.8 535 £ 153
DRW20 45+ 1.5 38.2 £ 12.7
DRW21 63+ 14 535 £ 119
Mean £+ SD 7.0 £ 0.2 594+ 16
Min. <2 <16.9
Max. 9.1 77.3

2 MDA is 2 Bg/L
® MDA is 16.9 TU
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E.ir(1Svly) = A (Bq/L) x D¢ (Sv/Bq) x Iy (L/y) x 10°
(4)

where A is the activity concentration of the tritium; D¢ is
the dose coefficient (1.8 x 10~ Sv/Bq for tritium) and Iy
is the intake of drinking water volume for the members of
the public [18]. Annual effective dose was estimated for

Table 2 Tritium activity concentrations comparison with the
literature

Origin Tritium activity Reference
concentration
(Bg/L)
Italy (drinking water) <10 [16]
Greece (surface water) 0.9 [17]
Spain (surface water) 3.6 [9]
Portugal (surface water) 1-20* 2]
Turkey (Adana) 7 This study

? Range (min—-max)

Table 3 The annual effective dose estimated for the members of the
public (infants, children and adults)

Sample code  Annual effective doses (uSv/y)

Infant Children Adults
DRW1 0.009* 0.013* 0.026*
DRW2 0.009* 0.013* 0.026*
DRW3 0.009* 0.013* 0.026*
DRW4 0.009? 0.013* 0.026*
DRWS5 0.009? 0.013? 0.026*
DRW6 0.009* 0.013* 0.026*
DRW7 0.009* 0.013* 0.026*
DRW8 0.041 0.057 0.120
DRWO9 0.036 0.050 0.104
DRWI10 0.034 0.048 0.101
DRWI11 0.037 0.052 0.109
DRWI12 0.030 0.043 0.089
DRW13 0.024 0.033 0.070
DRW14 0.021 0.030 0.062
DRW15 0.033 0.046 0.097
DRW16 0.029 0.041 0.085
DRW17 0.038 0.053 0.111
DRWI18 0.041 0.057 0.119
DRWI19 0.028 0.040 0.083
DRW20 0.020 0.028 0.059
DRW21 0.028 0.040 0.083
Mean + SD 0.024 £ 0.012  0.034 £ 0.017  0.070 &+ 0.036
Min. 0.009 0.013 0.026
Max. 0.041 0.057 0.120

% MDA was taken as 2 Bg/L
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infants, children and adults assuming that the water intake
volume per year for infants, children and adults is 250, 350
and 730 L, respectively [18]. The estimated E.¢ values for
the water samples are given in Table 3. The values of E.g
estimated for infants, children and adults ranged from
0.009 to 0.041 uSv/y, 0.013 to 0.057 uSv/y and 0.026 to
0.120 pSvly, respectively.

Conclusion

The tritium activity levels in drinking water samples col-
lected from the 21 different public water supply systems in
Adana city were determined to check the compliance with
national regulation. It can be easily seen from evident that
the tritium activities in all the samples were much lower
than upper limit value of 100 Bq/L recommended by
Turkish drinking water legislation (Official Journal No.
25730, February 2005) and Turkish standards [19]. Also,
the values of annual effective dose estimated for the
members of public were significantly below the individual
dose criterion of 100 pSv/y recommended by Turkish
drinking water legislation.

Consequently, the measurements of tritium indicate that
the drinking water samples consumed in Adana city are
devoid of health risks from tritium.
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