
 

 

Abstract—Determination of specific activity concentration of 

radioisotopes in environmental samples can be used to assess 

the long-term kinetics of the decline of radioisotopes. Based on 

the obtained activity concentrations of tritium in the Danube, 

the effective ecological half-life is estimated. Assuming that the 

Danube in Belgrade is not affected by nuclear power plants, 

even though it is positioned downstream of the Paks Nuclear 

Power Plant in Hungary, a slow decline of tritium was 

observed. The effective ecological half-life of tritium was also 

determined after correction by subtracting its components 

originating from cosmic radiation and the atmospheric 

transfer from nuclear facilities worldwide. 

 
Index Terms—tritium, surface water, effective ecological 

half-life.  

 

I. INTRODUCTION 

The origin of tritium is described through three ways: the 

natural tritium arises in the upper atmosphere by nuclear 

reaction between neutrons from cosmic rays and nitrogen 

atoms; from the atmospheric nuclear tests, in the late 1950s 

and the early 1960s (during these tests, large quantities of 

tritium were released in the upper atmosphere), and from 

nuclear facilities [1,2]. Given the fact that nuclear power 

plants are located on river and lakes, they release tritium 

into the natural water recipients from where it can enters in 

the groundwater, which is the main source of drinking water 

supply [3]. On the other hand, once released into the 

atmosphere, the main way of tritium elimination is through 

precipitation and in this way it reaches surface water. After 

 
Marija Janković, Vinča Institute of Nuclear Sciences, National Institute 

of the Republic of Serbia, University of Belgrade, Radiation and 

Environmental Protection Department, Mike Petrovića Alasa 12-14, 11001 

Belgrade, Serbia (e-mail: marijam@vin.bg.ac.rs). 

Nataša Sarap, Vinča Institute of Nuclear Sciences, National Institute of 

the Republic of Serbia, University of Belgrade, Radiation and 

Environmental Protection Department, Mike Petrovića Alasa 12-14, 11001 

Belgrade, Serbia (e-mail: natasas@vin.bg.ac.rs).  

Jelena Krneta Nikolić, Vinča Institute of Nuclear Sciences, National 

Institute of the Republic of Serbia, University of Belgrade, Radiation and 

Environmental Protection Department, Mike Petrovića Alasa 12-14, 11001 

Belgrade, Serbia (e-mail: jnikolic@vin.bg.ac.rs). 

Milica Rajačić, Vinča Institute of Nuclear Sciences, National Institute of 

the Republic of Serbia, University of Belgrade, Radiation and 

Environmental Protection Department, Mike Petrovića Alasa 12-14, 11001 

Belgrade, Serbia (e-mail: milica100@vin.bg.ac.rs). 

Ivana Vukanac, Vinča Institute of Nuclear Sciences, National Institute 

of the Republic of Serbia, University of Belgrade, Radiation and 

Environmental Protection Department, Mike Petrovića Alasa 12-14, 11001 

Belgrade, Serbia (e-mail: vukanac@vin.bg.ac.rs). 

Marija Šljivić-Ivanović, Vinča Institute of Nuclear Sciences, National 

Institute of the Republic of Serbia, University of Belgrade, Radiation and 

Environmental Protection Department, Mike Petrovića Alasa 12-14, 11001 

Belgrade, Serbia (e-mail: marijasljivic@vin.bg.ac.rs). 

Bojan Janković, Vinča Institute of Nuclear Sciences, National Institute 

of the Republic of Serbia, University of Belgrade, Department of Physical 

Chemistry, Mike Petrovića Alasa 12-14, 11001 Belgrade, Serbia (e-mail: 

bojan.jankovic@vin.bg.ac.rs). 

 

oxidation to HTO (tritiated water), tritium takes part in the 

hydrological cycle. From that reason, knowledge of tritium 

concentrations in natural waters is very important. 

   Tritium is β-decaying radionuclide with a half-life of 

4500±8 days (12.32 y) [4,5]. Between 1936 and 2000, 

twenty three experimentally determined values of the tritium 

half-life have been reported [5]. 

The main characteristics of the natural temporal and 

spatial distribution of the tritium concentrations are: 

seasonal effects, ocean-continental effects and latitudinal 

effects. The mean tritium concentrations in surface water are 

5-10 TU (TU-tritium units) [6]. TU is defined as [4]: 
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Long-term monitoring studies for radioisotopes are 

essential for understanding hydrology of rivers and to assess 

impacts on river discharge.  Global Network of Isotopes in 

Rivers (GNIR) managed by International Atomic Energy 

Agency (IAEA) has been available since 2007 [7].  

In the literature data, there are publications related to the 

topic of tritium determination in Danube: in Croatia and 

Serbia [3], Romania [8], Austria [9], Hungary [10], Serbia 

[11]. 

This paper presents the kinetic approach of the estimation 

of tritium decline through determination of effective 

ecological half-life of tritium in Danube River, based on the 

obtained activity concentration of tritium in surface water 

samples collected in Belgrade.  

II. THE METHOD 

In view of the length of the Danube River (2850 km) and 

the branched river basin, the Danube is the second largest 

river in the Europe. The course of the Danube through the 

Serbia is 588 km. The sampling site for the analysis of 

tritium activity concentrations in Danube is in Belgrade 

(positioned downstream of the Paks Nuclear Power Plant in 

Hungary). 

The surface water was sampled several times a month at 

Belgrade and a composite monthly sample is made. The 

investigations were carried out during 2017-2022. Samples 

were taken near the coast. Sample preparation includes the 

method with electrolytic enrichment [12], for all samples, 

which were measured by liquid scintillation spectrometer 

Quantulus 1220. For counting efficiency determination, 

reference standard tritium solution 3H 9031-OL-548/13 

Czech Metrology Institute Type: ER X with activity 5.060 

MBq on day 1.10.2013. which has traceability to the BIPM, 

was used, according to method ASTM D 4107-08 [13]. The 

counting efficiency was from 25.7 to 29.2 %. Together with 

the samples, background sample was also measured (tritium 

free water), as well as sample with known tritium 

concentration for enrichment factor determination. After 
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electrolytic enrichment, samples were mixed with 

scintillation cocktails ULTIMA GOLD LLT or OptiPhase 

Hisafe 3 in relation 8:12 in 20 ml polyethylene vial. 

Measurement time for samples and the background was 

18000 s.  

Minimum detectable activity, MDA, is given with the 

following equation  
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where Rb is background count rate (cps), tb is background 

measuring time (s), ε is a counting efficiency, V is sample 

volume (l), and Z is enrichment factor.  

Decreasing trend concentration of the radionuclide could 

be described by the first order kinetic equation [14-18]: 
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where Cj (3H) is annual average activity concentration of 3H 

in year j (Bq dm-3), eff  is effective rate of decline in 

radioactivity concentration, t is time (year), and C0 is 3H 

activity at the beginning of observation. 

The effective ecological half-lives were evaluated from 

the decrease in 3H activity concentration according to the 

equation [14-18]: 
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The ecological half-life (Tecol) were calculated using the 

following equation [18]: 
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where Tp is physical half-life of 3H. 

III. MAIN RESULTS 

Tritium activity concentrations obtained in surface water 

samples from Danube River, in the investigated period 

2017-2022 range from 1.20 Bq dm-3 (January 2017) to 5.39 

Bq dm-3 (December 2022). These results are in accordance 

with results from obtained for location Batina (Croatia) and 

Bezdan (Serbia) [3], and Belgrade (Serbia) [11]. 

   Figure 1 presents average monthly concentrations for 

tritium in Danube for period 2017-2022. As can be seen 

from Figure 1 there is no pronounced maximum in spring 

and summer, as is the case with precipitation [19].  

Based on the obtained tritium activity concentrations in 

monthly samples, effective ecological half-live of tritium 

was estimated assuming that the Danube in Belgrade is not 

affected by nuclear power plants. Figure 2 presents time 

changes in 3H concentration in the Danube River for the 

period 2017-2022. For effective ecological half-life 

determination, annual average concentrations of tritium 

were used. The calculated effective ecological half-life is 

7.6 y. This result is shorter than the physical half-life (12.32 

y) [5]. 
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Fig. 1. Average monthly concentrations of tritium in Danube for period 

2017-2022 

 

Figure 3 presents annual average 3H concentrations in 

surface water after correction by subtracting the natural 

component and the activity originating from the atmospheric 

transfer from nuclear facilities worldwide. 

Two components were subtracted from the detected 

activity concentration of 3H (C3H.j): natural tritium formed in 

the upper layers of the atmosphere (14N(n,3H)12C) (cosmic 

radiation C3HCR) [14] and a trans-boundary transmission of 

nuclear facilities pollution (C3HNF). These constant 

components, which were appreciated 0.48 Bq dm-3 [18] are 

subtracted from the activity concentration of 3H and 

calculated effective ecological half-life was 6.1 y for the 

period 2017-2022.  

The mean tritium activity calculated using the first 

approach (without elimination of the constant components), 

was 3.3 Bq dm-3 at the beginning  of the investigated period 

and 2 Bq dm-3 at its end.                                                 
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Fig. 2.  Time change in 3H concentration in the Danube River for the period 

2017-2022 
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Fig. 3. Annual average 3H concentrations after correction by subtracting the 

natural component and the activity originating from the atmospheric 

transfer from nuclear facilities worldwide 

 

Calculated ecological half-life, using the equation (5), 

was 19.8 y. 

IV. CONCLUSION 

In the period 2017-2022 concentrations of tritium have 

been analyzed in surface water samples (Danube River in 

Belgrade). A first order kinetic equation provided a good 

description of the time changes of tritium activity 

concentrations. The estimated effective ecological half-life 

of 3H in surface water for the observed period was 7.6 y. 

The analysis was done and after subtracting the components 

originating from the natural processes and from estimated 

emissions from nuclear facilities. In this case effective 

ecological half-life of 3H was 6.1 y.  
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