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INTRODUCTION 

 

The Danube-Tisza Interfluves is one of the largest recharge areas in Europe. 

The aim of this study was to build a flow and transport model for an agricultural 

field. In previous studies in Méntelek the derived average groundwater recharge has 

been obtained to be 53 mm/year, and the vertical dispersivity is 0.3 m [1]. Close to 

this natural environment, about 16 km apart, there is an agricultural field close to a 

larger city, Kecskemét, where artificial irrigation occurred between the middle 1970 

and 1980 (Fig. 1-2.). 

 

 
 

Fig. 1. The location of the agricultural research site in Hungary 

(source: Google Earth, author: László Kompár, 2015) 

 



 
Fig. 2. The location of the agricultural research site near Kecskemét 

(source: Google Earth, author: László Kompár, 2015) 
 

This irrigation water was supposed to be free of tritium since it had been used 

for drinking exploited from artesian wells. Afterwards, the contaminated domestic 

sewage water was treated and purified and then irrigated to the field. The annual 

precipitation of this site is 506 mm, while since 1974 about 300-400 mm/year water 

was used for irrigation. In 2001 6 wells were installed on the site (Fig. 3.). 

 

 
Fig. 3. The well group near Kecskemét (screened section with blue) 

(author: László Kompár, 2015) 
 



MATERIAL AND METHOD 

 

Tritium (
3
H), the radioactive isotope of hydrogen with a half-life of 12.32 

years [2] has been extensively used for the groundwater studies. Most studies used 

the 
3
H release from nuclear bomb tests in the atmosphere as a time marker. In 

addition, 
3
H has been combined with its decay product 

3
Hetrit (tritiogenic 

3
He) to 

determine the so called 
3
H/

3
He water age [3] [4] [5]. 

 

 
Fig. 4. The tritium content of the precipitation of Wien 

(source: IAEA WISER database; author: László Kompár, 2015) 

 

There are some cases, when 
3
H alone cannot be used. The 

3
He/

3
H ratio 

provides information on the groundwater age. The concentration of dissolved 
3
He 

increases as soon as the groundwater is isolated from the atmosphere, because 
3
He 

produced by 
3
H decay can no longer escape. Therefore the 

3
Hetrit/

3
H ratio is a 

measure for the time elapsed since a water parcel was last in contact with the 

atmosphere. The 
3
H/

3
He age 𝜏 is defined as [6]: 

 

𝜏 =
1

𝜆
ln⁡(1 +

𝐻𝑒𝑡𝑟𝑖𝑡
3

𝐻3
) (1) 

 

where 𝜆=0.0556 yr
-1

 is the decay constant of 
3
H and [

3
H] the measured 

3
H 

concentration. It is usually expressed in tritium units (TU). 1 TU corresponds to a 
3
H/

1
H ratio of 10

-18
 and decays to 2.488 ×10

-15
 cm

3
STP(

3
He)/g(H2O). [

3
Hetrit] is 

defined as the fraction of the total 
3
He produced by 

3
H decay, i.e. the difference 

between the measured concentration [
3
Hemeas] and the concentrations of all other 

3
He components ([

3
Heeq]: equilibrium, [

3
Heair]: excess air and [

3
Heter]: terrigenic): 
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Hetrit = Hemeas − Heeq − Heair − Heter
33333  (2) 

 

RESULTS 

 

We took samples for isotope-hydrological investigations including 
3
H, noble 

gases, CFC’s, stable isotopes, 
14

C and water chemistry. The tritium bomb peak 

could be obviously observed looking at the tritium values determined in the year 

2001, but the effect of the tritium-free irrigation water could be also seen in the 

shape of the tritium peak (Fig. 5.). 

 

 
Fig. 5. The tritium profiles at the well group near Kecskemét 

(author: László Kompár, 2012) 

 

From the two tritium profiles taken in 2001 and 2012 it can be seen that the 

tritium concentrations of almost all groundwater samples have been changed since 

2001 [7]. The maximum values at 10 and 14 m depths have decreased, while in the 

deepest well the tritium has elevated. These effects can be explained on one hand by 

the hydrodynamic dispersion and on the other hand by the radioactive decay of 

tritium. Hydrodynamic flow models will be used to reveal how groundwater is 

moving, and what recharge rates are reliable to this field. 

To improve the age estimation of the groundwater, we attempted to use the 
3
H/

3
He dating of the water. The tritium amount of groundwater samples was 

determined using the 
3
He-ingorwth method [8], the noble gas concentrations were 

determined mass spectrometricaly [9]. However, the dissolved noble gases in the 

water samples show a degassed pattern, as if some of the noble gases have been lost 

(Fig. 6.). The lighter the noble gas the more significant the lack of the 

concentration: this is clear evidence that solubility driven degassing is going on in 

the aquifer. 
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Fig. 6. Noble gas concentrations of the groundwater samples (orange line) and 

AEW (air equilibrated waters, blue line)  

(the authors own figure) 
 

It might happen when gas formation occurs in the saturated zone, and small 

noble gas free gas bubbles (for example: nitrogen from denitrification) are 

entrapped between the soil particles. In such circumstances, noble gases dissolved 

in the groundwater are diffusing out to the gas phase until new solubility 

equilibrium has been reached. The main problem with degassing effects is that 
3
H/

3
He dating cannot provide definite apparent water ages since it is not known how 

tritiogenic 
3
He has been affected. If the degassing occurs at time zero (t=0), and 

then there is not any further noble gas loss, all tritiogenic 
3
He remain in the water 

phase. However, if degassing processes is going on along the flow path, the 

produced 
3
He can escape from the water and a portion accumulates in the gas phase, 

which is not included in the groundwater samples. In this case two 
3
H/

3
He apparent 

water age can be provided, a minimum and a maximum age. Fig. 7. shows the 

-20

-15

-10

-5

0

0,E+00 1,E-08 2,E-08 3,E-08 4,E-08 5,E-08

D
e

p
th

 (
m

)

Helium (ccSTP/g)

-20

-15

-10

-5

0

0,E+00 5,E-08 1,E-07 2,E-07 2,E-07 3,E-07

D
e

p
th

 (
m

)

Neon (ccSTP/g)

-20

-15

-10

-5

0

0,E+00 1,E-04 2,E-04 3,E-04 4,E-04

D
e

p
th

 (
m

)

Argon (ccSTP/g)

-20

-15

-10

-5

0

3,E-08 4,E-08 5,E-08 6,E-08 7,E-08 8,E-08 9,E-08 1,E-07

D
e

p
th

 (
m

)

Krypton (ccSTP/g)

-20

-15

-10

-5

0

8,0E-09 8,5E-09 9,0E-09 9,5E-09 1,0E-08 1,1E-08 1,1E-08 1,2E-08 1,2E-08 1,3E-08 1,3E-08

D
e

p
th

 (
m

)

Xenon (ccSTP/g)



3
He/

4
He isotope ratios (expressed in R/Ra, i.e. compared to the atmospheric ratio), 

the minimum ages of the water, and the sum of the tritium and the tritiogenic 
3
He. 

These ages have been calculated under the assumption that the tritiogenic 
3
He has 

suffered the same degassing pattern as the whole helium amount has. It can be seen 

that the age is increasing with the depth (that is what we have expected). In 

addition, the sum of the tritium and the 
3
Hetrit has reached the maximum values 

between 14 and 18 m depths. It shows that the bomb peak tritium seems to be here. 

 

  
  

 
Fig. 7. R/Ra ratios (R and Ra: 

3
He/

4
He in the samples and air); minimum 

3
H/

3
He 

apparent water ages; the sum of 
3
H and 

3
Hetrit in TU 

(the authors own figure) 

 

In the next, other tracers will be measured so that the age distribution can be 

estimated better. Concentrations of CFC’s are less sensitive to degassing effects, 

hence CFC ages of the water samples will contribute to the more realistic age 

determination of these waters. 
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