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Abstract

The Sandikli basin is located in the southwestern part of Turkey. In this
paper, groundwater stable isotope analyzes were evaluated to
understand the recharge of the aquifer system in the Sandikl basin. For
this, samples of groundwater were collected for two periods in 2009-
2010 years and the stable isotope and natural radioactivity analyzes
were made in the basin. The 6§80 and 62H contents of groundwaters in
the region range from -8.08 to -10.77%o and from-52.44 to -69.53%o,
respectively. The stable isotope data lie generally above the Global
Meteoric Water Line and waters are meteoric origin. The tritium
content of the groundwaters ranges from 0.00 to 4.20 TU in dry period
and from 0.30 to 5.40 TU in rainy period, respectively. These 53H values
of waters could be represented that this waters are deep aquifer waters
and slow circulation. The determination of the natural radioactivity in
groundwater is important in terms of human health. The gross alpha
and gross beta radioactivity concentrations of waters varied between
29-162 mBq L1 and 70-330 mBq L-1, respectively. The results have
shown that gross a and f3 radioactivity concentrations in drinking
waters in the basin are relatively low and suitable the World Health
Organization regulations for drinking water.

Keywords: Drinking water, Stable isotope, Natural radioactivity,
Sandikl basin
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Sandikli  havzast Tiirkiye'nin giineybatisinda yeralmaktadir. Bu
makalede, Sandiklt havzasindaki akifer sisteminin beslenimini anlamak
icin yeraltisuyu durayli izotop analizleri degerlendirilmistir. Bu amacgla,
havzada 2009-2010 yillarinda iki dénem boyunca yeraltisulari
érnekleri toplanmis ve durayli izotop ile dogal radyoaktivite analizleri
yapilmistir. Bolgedeki yeraltisularinin 6180 ve 62H icerikleri sirasiyla
%0-8.08 ile %0-10.77 ve %o-52.44 ile %0-69.53 arasindadir. Durayli
izotop verileri genellikle Kiiresel Meteorik Su Dogrusu iizerindedir ve
sular meteorik kokenlidir. Yeraltisularinin trityum icerigi kurak
dénemde 0.00-4.20 TU ve yagish dénemde 0.30-5.40 TU arasindadir.
Trityum icerigine gore yeraltisulart derin akifer ve yavas dolasimi
gostermektedir. Yeraltisularindaki dogal radyoaktivitenin belirlenmesi
insan saghgt agisindan énemlidir. Sularin toplam alfa ve beta
radyoaktivite konsantrasyonlar: 29-162 mBq L1 ve 70-330 mBq L
arasinda degismektedir. Havzadaki icme sularinda toplam a ve f3
radyoaktivite konsantrasyonlart nispeten diisiik ve Diinya Saglik
Orgiitii'niin icme suyu kriterlerine uygundur.

Anahtar kelimeler: icme suyu, Durayh izotop, Dogal radyoaktivite,
Sandikli havzasi

1 Introduction

The corresponding development and management of the
groundwater resources in the study area require detailed and
reliable information on the origin and the natural recharge rate
of groundwater [1].The environment isotopes of oxygen §180
and hydrogen 82H are excellent tracers for determining the
origin of groundwater and widely used in studying the natural
water circulation and groundwater movement [2].The isotopic
signatures of oxygen and hydrogen are influenced by
atmospheric and surface processes encountered during the
groundwater recharge [3]. In addition to the stable isotopes in
groundwater studies as tracers of groundwater provenance
and age, isotopes are also used to study the quality of
groundwater, geochemical evaluation, water-rock interaction,
the origin of salinity, recharge processes and contaminant
processes. On the other hand, in water cycle studies the stable
isotopes of hydrogen (62H) and oxygen (6180) in H20 have long
been used as naturally occurring tracers to asses rainfall
importance, to track the source and flux of water to and from
rivers and lakes in watersheds, and to evaluate the origin and

age of groundwater resources [4],[5]. Many researches focus on
the assessment of isotopic geochemistry in natural water
resources [6]-[14]. Also, many studies were performed on
natural radioactivity (gross alpha and gross beta) in
groundwater [15]-[21].

The groundwater is widely used for drinking, domestic and
irrigation purposes in the Sandikli basin. The basin is selected
as the investigation area because groundwater is the major
source for using as irrigation and drinking water in the basin.
For this reason, there are many studies in this region [22]-[28].
The study’s main objective was to identify isotopic
compositions and radioactivity parameters of groundwater in
the Sandikl basin, was investigated seasonally to determine the
relationship between major aquifers.

2 Material and method

2.1 Studyarea

The Sandikli Basin is located in the Aegean region of Turkey at
29°50'-30°30" E, 38°15'-38°45' N and covers an area of
1556 km?2. The basin is formed a combination of Sandikh
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Kurucay plain and Kiiglik Sincanli plain. The basin has
semi-closed properties due to Kestel creek. There is also the
Hudai geothermal area in the basin (Figure 1).
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Figure 1: Location map of investigation area.

2.2 Sampling and analytical methods

A total of 10 water samples were collected periodically in two
terms for dry and rainy periods during the water year of
2009/2010. Water samples were taken from the drilling wells
and technical parameters (well depth, groundwater depth and
yield) of the wells were presented in Table 1. All sample
locations (Alamescit (1), Sandikli (2), Gokgealan (3), Sorkun (4)
and Serban (5)) were situated with Global Positioning System
(GPS) equipment and prepared location map (Figure 2).
Physical parameters of the water samples such as pH,
temperature (T; °C) and electrical conductivity (EC; pS/cm)
were measured in situ with YSI Professional Plus handheld
multiparameter instrument that were calibrated with standard
solutions before use. Samples were collected in 100 ml clean
polyethylene bottles and dispatched for analysis to the
laboratory in an ice-filled box.

Major elements such as cations (Na*, K*, Ca2*, Mg2*) and anions
(CI, SO4%, HCOs3, CO3?) were measured taking into
consideration standards of analyses (TS 4530, TS 4474,
TS 3790, TS 4164, EN ISO 9297, TS 5095) in the laboratory of
the State Hydraulic Works (SHW). Results of chemical and
physical analysis were presented seasonally in Table 2 and 3.
Stable isotope techniques were used to interpret recharge
mechanisms of the aquifer in the basin. Stable isotope samples
were taken in 1-liter polyethylene bottles. Water samples for
oxygen (6180), deuterium (82H), radioactive isotopes of
hydrogen (tritium-83H), isotopic analysis and gross alpha (a),
gross beta (3) radioactive analysis were analyzed by the Ankara
Technical Research and Quality Control Department of Isotope
Laboratory and Director in the SHW. Results of isotopic, gross

alpha-beta and radioactive analysis were presented seasonally
in Table 2 and 3. 6180 and §2H from isotopic compositions of the
samples were determined using International Atomic Energy
Agency (IAEA)-Equilibration method. Also, & 3H was
determined using I[AEA-Liquid Siltation Counting (LSC)
Technique. The isotopes results are expressed with respect to
the Global Meteoric Water (GMW). Tritium concentrations are
expressed as absolute concentrations, using tritium units (TU).
The tritium units is 1 TU=0.1183 Bq/L. The precision of
measurements is +1 TU. Determination of natural radioactivity
in drinking water samples were used EPA 900.0 method.

3 Results and discussion

3.1 Geology

Paleozoic, Mesozoic and Cenozoic aged rock outcropped in the
investigation area. Sedimentary and volcanic rocks are located
on the metamorphic base. Quaternary units are covered all of
the units as discordant. Precambrian aged metamorphic rocks
are composed of quartz, sericite schist, albite, quartzite, calc-
schist, phyllite and metabasalt and the metamorphic rocks are
form basis of the investigation area. Mesozoic aged limestones
and Miocene aged volcanic rocks in the study area show a very
wide spread. Volcanic rocks which is composed of andesite,
trachy andesite, basalt, tuff, tuffite and agglomerate. Pliocene
and Quaternary aged units are current deposits of study area
and covers all units unconformably [22],[29],[30], (Figure 2).

3.2 Hydrogeology

Pliocene and Quaternary aged units have similar lithological
features in the study area. So, these units were characterized
porous aquifer system in the investigation area.

The aquifer system is composed of sand, gravel, clay and silt
levels. The thickness of the aquifer system ranges from
approximately 200-300 m and it has a productive aquifer
character. Also, Mesozoic aged unit which is consists of
limestones are karstic aquifer [22]. The most important surface
flow of the study area is Kestel creek (Figure 2). The
groundwater flow direction is towards NE in south of the basin,
towards north in west of the basin and towards Kestel creek in
north of the basin [26]. Water samples were taken from the
wells on the porous aquifer. The technical parameters of the
wells are depth from 160 to 202 m, groundwater depth ranges
from 4.85 to 83.65 and yield ranges from 13.56 to 51.10 1/s
(Table 1).

3.3 Hydrochemistry

The physical parameters of water samples were measured
insitu for two periods (dry and rainy) and the results (pH, EC
and T) shown in Table 2, 3. The electrical conductivity (EC)
content of groundwater samples ranges from 124 to
397 us/cm, temperature from 12.39 to 22.58 °C and pH from
7.16 to 8.68, respectively (Table 2, 3). The major constituent
chemical composition results are summarized in a Piper [31]
plot (Figure 3).

Four different water facies are determined in the study area.
These facies are “CaMgHCOs, CaHCOs, CaMgHCO3SOs and
CaMgS04+HCO3” (Table 2, 3). The CaMgHCOs3 type water may
correspond to the upper zone [34]. This facies is also the most
abundant type of water in the basin. The order of abundance of
anions and cations in the water from both periods is:
Ca*2>Mg*2>Na*>K* and HCO3->504-2>Cl->C0O32. Calcium is the
dominant cation found in the groundwater of the study area. Its

546



Pamukkale Univ Muh Bilim Derg, 24(3), 545-553, 2018
F. Aksever, A. Davraz, R. Karagtizel

concentration is generally higher than 2.00 meq/L. Bicarbonate Hudai geothermal field. Therefore, the water samples (2) have
dominates the anionic components of the groundwater, with a the highest temperature values among all groundwaters
mean value of 2.59 meq/L (Table 2). The Sandikli (2) water samples and the cation are dominated SO42. So, the sample was
samples (CaMgHCO3S04) was taken from the well near the affected from the thermal water [27].
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Figure 2: Geological and hydrogeological map of investigation area (were revised [22]).
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Table 1: Technical parameters of wells in the study area [22].

Sample Number 1 2 3 4 5
Area Alamescit Sandikl Gokgealan Sorkun Serban
Well depth (m) 202 160 202 190 200
Groundwater depth (m) 52.24 7.88 83.65 18.04 4.85
Yield (1/s) 20.69 22.14 18.40 51.10 13.56
Table 2: Analyses results August-2009 (Dry Period).
Sample Number 1 2 3 4 5
Area Alamescit Sandikl Gokgealan Sorkun Serban
Physical parameters
X (E) 252150 259781 259569 242921 269105
Coordinate Y (N) 4247651 4259598 4250516 4259634 4281028
Z (m) 1033 1060 1096 1021 1234
pH 7.19 7.78 7.9 8.34 7.16
EC (uS/cm) 324 363 195 237 124
T (°Q) 16.48 22.58 14.87 19.81 16.15
Chemical parameters
Na+ (meq/L) 0.64 0.77 0.24 0.17 0.42
K+ (meq/L) 0.04 0.1 0.17 0.06 0.11
Caz+ (meq/L) 3.5 2.21 2.04 1.96 0.8
Mg2+ (meq/L) 0.87 1.72 0.44 1.12 0.78
Cl- (meq/L) 0.23 0.55 0.20 0.12 0.25
SO4% (meq/L) 0.48 1.71 0.04 0.06 0.33
HCOs (meq/L) 3.52 2.02 2.17 2.59 1.21
Water Type CaHCOs CaMgHCO3S04 CaHCOs3 CaMgHCOs3 CaMgHCOs3
Isotopic composition (*d-excess = §2H - 85180 [32])
5180 (%0) -9.25 -9.34 -9 -9.67 -10.77
82H (%0) -57.85 -60.35 -59.55 -59.52 -68.06
&83H (TU) 0.9 0 0 4.2 0.45
83H (BqLY 0.11 0 0 0.5 0.05
d-excess” (%0) 16.15 14.37 12.45 17.84 18.1
Gross alfa/beta activities (Limit values; a:500 mBq L-1, 8: 1000 mBq L1 [33])
a (mBq L) 90 162 86 90 57
B (mBq L-1) 110 190 280 80 140
Table 3: Analyses results April-2010 (Wet Period).
Sample Number 1 2 3 4 5
Area Alamescit Sandikh Gokcealan Sorkun Serban
Physical parameters
X (E) 252150 259781 259569 242921 269105
Coordinate Y (N) 4247651 4259598 4250516 4259634 4281028
Z (m) 1033 1060 1096 1021 1234
pH 7.78 8.11 8.68 8.51 8.47
EC (uS/cm) 397 375 227 135 134
T (°Q) 12.39 20.01 13.03 12.79 13.53
Chemical parameters
Na+* (meq/L) 0.4 0.75 0.19 0.17 0.4
K+ (meq/L) 0.06 0.21 0.14 0.04 0.06
Ca2+ (meq/L) 5.47 2.28 3.07 1.38 5.47
Mg2+ (meq/L) 1.02 1.51 0.39 0.49 1.02
Cl- (meq/L) 0.30 0.65 0.2 0.12 0.30
SO4% (meq/L) 0.88 2.29 0.19 0.27 0.88
HCOs (meq/L) 5.74 1.7 3.44 1.8 5.74
Water Type CaHCOs3 CaMgHCO03S04 CaHCO3 CaMgHCO3 CaMgHCO3
Isotopic composition (*d-excess = §2H - 85180 [32])
5180 (%o0) -8.08 -8.58 -8.24 -8.25 -10.27
82H (%0) -54.25 -61.08 -57.62 -52.44 -69.53
&83H (TU) 4 0.3 5.4 2.2 0.5
83H (BqLY 0.47 0.04 0.64 0.26 0.05
d-excess* (%0) 10.39 7.56 8.3 13.56 12.63
Gross alfa/beta activities (Limit values; a:500 mBq L-1, 8: 1000 mBq L1 [33])
a (mBq L) 79 159 32 31 29
B (mBq L-1) 70 330 130 100 130
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Figure 3: Piper diagram.

3.4 Stable Isotope (hydrogen and oxygen) Composition
in Groundwater

The environmental isotopes of oxygen (6180), hydrogen (63H)
and deuterium (82H) are excellent tracers for determining the
origin of groundwater and widely used in studying the natural
water circulation and groundwater movement.

The stable isotope analyses were made in dry and rainy period
in the Sandikli basin. Tables 2 and 3 contain data of isotopic
compositions of groundwater. Isotope values of groundwaters
showed that the seasonally variation. The isotopes composition
in groundwater samples range from -9.00%o to -10.77%o 6180
(dry period) and from -8.08%o to -10.27%o 6180 (rainy period),
respectively. The 82H values in both periods range from-
57.85%0 to -68.06%0 and range from -52.44%o
t0-69.53%o0, respectively (Table 2, 3). The average values of
6180 and 82H in groundwater are -9.1 and -60.0%o, respectively.

The origins and recharge conditions of waters were determined
using the 6180-62H graphic. The relationship between the §180
and 62H values in water samples were plotted in Figure 4. In
this graph is defined as follows:

-The Global Meteoric Water Line (GMWL), [35]

(62H = 86180 + 10)

-The meteoric water line of Antalya in Turkey (AMWL), [36]
(62H = 86180 + 16.37)

-The meteoric water line of Kocbeyli (Isparta) in Turkey
(KMWL), [36]

(62H = 86180 + 12.16)

Isotopic composition of groundwaters within Sandikli region
compared with Global Meteoric Water Line (GMWL). The
values plotted close to the GMWL with d-excess value of 10%,
the AMWL with d-excess value of 16.37%o and the KMWL with
d-excess value of 12.16%o. The majority of stable isotope values
in groundwater samples plot above and to the left of the GMWL,
the KMWL and the AMWL (Figure 4). The close proximity to the

meteoric water lines in this graph determines that the waters
were of meteoric origin. The samples also plotted in the more

negative values in the graph, which is appropriate for waters
can be recharged at colder temperatures. But, sample 2 has the
more negative values due to the high temperature in the dry
and rainy period. This situation is also supported by the [27].
According to the GMLW, evaporation can be in sample 1, 4 and
5, condensation can be sample 3 and water-rock interaction can
be sample 2.

6 "o (obo)
-1n5 -10,5 95 -85 -7.5
-56
61
2
-66
Global MWL o
—— Antalya MWL o
e |sparta-Kocbeyli MWL
@® Dry period "
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H:zS exsolution
Silicate hydration Evaporationy -
CO:2 exsolutio Fluid-rock
Condensatio
GMWL

Figure 4: Plot of §2H and 8180 for groundwater samples.

3.5 Tritium in groundwater

Tritium is produced in the upper atmosphere. Presence of
tritium in groundwater immediately indicates that the aquifer
is being recharged with water that originated within the last
40-50 years [37]. Tritium concentrations in groundwater may
be used as indicators of groundwater age by comparison with
historical records of elevated tritium levels in precipitation,
which resulted from atmospheric thermonuclear testing in the
early 1950s to late 1970s [38], [39]. Tritium is a short-lived
isotope of hydrogen with a half-life of 12.43 years. Activity of
geogenic 3H in most groundwater is negligible, thus measurable
3H in groundwater samples virtually always signifies modern
recharge [4].

Relative residence time of groundwater was estimated
qualitatively and semi-quantitatively in tritium units (TU),
based on the concentration of tritium [4], as follows Table 4.

Table 4: Qualitative dating of groundwaters in continental
regions [4].

Tritium Content Age/

(TU) Period of Groundwater

<0.8 Sub-modern (recharged prior to 1952)
0.8-4 Mixture of sub-modern and modern
5-15 Modern (<5-10 years)
15-30 Some bomb tritium present

>30 Recharged in 1960s-1970s

>50 Recharged in 1960s
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Tritium concentrations in groundwater samples are presented
in Tables 2 and 3; for convenience, concentrations are
presented in both Bq L-! and TU. The tritium concentrations in
groundwater samples are very low and ranging from 0.00
to-4.20 TU (dry period) and from 030 to 540 TU
(rainy period), respectively (Table 2, 3). The tritium values in
water samples (dry period; 2, 3 and 5, rainy period; 2 and
5 samples) are less than 1 TU in the both period and indicating
that the samples were recharged after 1952, the "sub-modern”
category presented by [4]. Sample 1 (dry and rainy period) and
4 (rainy period) of the tritium values are indicated from 0.8 to
4TU and the samples are identified “mixture of sub-modern and
modern” waters. The tritium values of sample 3 in rainy period
are “modern” means of age 5-10 years. The heavy metal (Fe
concentration) increase in the Gokgealan (3) region is
originated from anthropogenic effects as related to agricultural
activities [27]. Modern groundwater generally is more
susceptible to contamination than old because of the many
anthropogenic contaminants introduced during the 20t
century [40].

A plot of tritium versus 8180 in groundwater is shown Figure 5.
Sample 3 and 4 (dry period) and sample 1 (rainy period) are
have shallow and fast circulation, and recharged from current
precipitation. The other samples are represented deep and
slow circulation (Figure 5).

6
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Figure 5: Tritium versus oxygen isotope values of
groundwater samples.

The tritium contents for groundwater in basin show little
seasonal variation. The EC-3H graphic show that the circulation
period of waters in the aquifers and relationship with rocks of
waters (Figure 6a). Generally, water samples have low
temperature, tritium content >1TU, low electrical conductivity,
and low Cl- values. However, sample 2 have low tritium, high
temperature, high electrical conductivity, and high Cl- values in
the region show that this groundwater has deep circulation and
long residence time (Figure 6b, 6¢).The reason for this, the
sample was affected from the Hudai geothermal region.

3.6 The d-excess values in groundwater

Another piece of evidence for the origin of recharge of the
investigated area is gained from the value of the deuterium
excess (d-excess). Regionally, d-excess values vary due to
differences in meteorological conditions at the source region of
the vapour mass relative to that at which the precipitation is
derived [41]. The d-excess values are defined by the following
equation (1), [32].

d —excess = §2H — 86180 (1

The d-excess values for the groundwater samples in the
investigation area ranged from 12.45 to 18.1%o and from 7.56
to 13.56%o for dry and rainy periods, respectively (Table 2, 3).
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Figure 6: (a): 63H (TU)-Electrical conductivity (uS/cm);
(b): 63H (TU)-Temperature (°C); (c): 83H (TU)-Chlorine
(mg/L) relation for groundwater samples.

The samples represent groundwater affected by evaporation
which is also reflected in the higher value of &80 with
correspondingly lower d-excess. During the process of
evaporation, the residual water not only enriches in heavier
isotopes but also shows progressively lower d-excess due to
relatively more enrichment of 6180 [3]. The d-excess of the
groundwaters in this region for both term vary between 7%o
and 18%op, again reflecting inheritance from precipitation
(Figure 7a). The groundwater with d-excess > 5%o0 and lower
6180 < -5%p are representative of low evaporation and higher
permeability [3],[21]. A cross plot of 8180 versus d-excess
indicates that low evaporative and rainfall the primary source
of recharge (Figure 7a).

The plot of the EC and the d-excess values presented Figure 7b.
The groundwater in the basin whose d-excess values (from
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12.45 to 18.1%o and from 7.56 to 13.56%o) has a tendency for
decreasing with increasing EC values (from 124 to 363 ps/cm
and from 134 to 397 ps/cm) in dry and rainy periods
(Table 2, 3). Also, the other groundwater of rainy period is
shown the same properties. This indicates that evaporation
does not appear to influence salinization.Stable isotopes in
conjunction with Cl- have been used to assess the relative
influence of evaporation and rock-water interaction [42].
Figure 7c shows a plot of d-excess values against Cl- in
grounwater. Data for all groundwater samples except sample 2
(high Cl- value) are plotted within positive correlation.

d-excess (%)
0 T T T
5 10 15 20
24
-4
_ @ Dry period
£, o
o @ Rainy period
E]
8 [ ]
° [ ] [ ]
[ e ®
°
-10 °
’ |E|
-12

450
400 + [ ]
[ ]
350 e
[ ]
— 300 +
£
2 250
by ° .
2 200 e ® Dry period
(5]
- 150 @ Rainy period
e
°
100 +
50 4
0 T T T 1
0 5 10 15 20
d-excess (%) |E|
25
L ]
20 °
E 15
b
£ .
= ° @ Dry period
T 10
° o @ ® Rainy period
[ ] [ ]
s [ L ]
0
0 5 10 15 20
d-excess (%)

Figure 7: (a): d-excess (%0)-8180 (%o0);(b): d-excess (%o0)-EC
(uS/cm), (c): d-excess (%o0)-Cl- (mg/L) relation for
groundwater sample.

3.7 Natural radioactivity

Gross alpha and beta activities are very useful parameters for
the preliminary screening of waters [43]. Drinking water may
contain radioactivity that could present a risk to human health
[44]. The gross a and f3 activity can be used for detecting
changes in the radiological characteristics of the drinking water
source [33]. In general, the screening levels or limit values of

the gross a and {3 have been recommended as 500 mBq L-! and
1000 mBq L-1 respectively. In Table 2 and 3 measured gross
alpha (a) and beta () concentrations are summarized. The
values of the activity concentrations of the gross a and f2
measured in the water samples ranged from 29 to 162 mBq L-!
with a mean of 81.5 mBq L-!and 70 - 330 mBq L-! with a mean
of 156 mBq L-1, respectively (Table2). In general, the gross beta
activity was higher than the alpha activity concentration in the
investigation area. The beta values of Sandikli (280 mBq L-1)
and Gokgealan (330 mBq L-1) are high due to the volcanic rocks
which is composed of andesite, basalt, tuff, tuffite. Also, the
gross alpha and beta activity values in dry period higher than
the rainy period. All the values of alpha and beta activity in the
selected water samples were lower than the permissible limits
for WHO [33].

4 Conclusions

This study used groundwater chemistry and isotope data to
investigate the residence time of groundwater in the
Quaternary porous aquifer system in the Sandikl basin.

The hydrogeochemical facies of groundwater are “CaMgHCOs,
CaHCOs3, CaMgHCO3SO4+ and CaMgSO4+HCOs. All of the
groundwater flow system is recharged by meteoric water. Low
tritium, low temperature, low electrical conductivity, and low
Cl- values were obtained in the region. However, sample 2 have
high temperature and high electrical conductivity values in the
region show that this groundwater has deep circulation and
long residence time due to the sample was effected from the
Hudai geothermal region. Generally, the tritium values in water
samples were recharged after 1952 and the waters are "sub-
modern" category. The d-excess indicates that low evaporative
and rainfall the primary source of recharge in the study area.
The gross alpha and beta activity concentrations were below
the values recommended by WHO. The drinking waters in the
basin are high quality waters and safe in terms of natural
radioactivity. The waters are suitable for drinking, domestic
use and generally for irrigation.
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