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Abstract— Environmental radioactivity monitoring represents one

of the key components of public health protection and environmental 
safety, particularly in areas potentially influenced by nuclear facilities. 
Continuous monitoring of surface waters, soil, and air enables the 

timely detection of natural and artificial radionuclides, as well as the 
assessment of possible radiological impacts on the environment. 
Special attention is given to river systems that may be exposed to 
transboundary influences originating from nuclear power plants 
located along major watercourses. 

Due to the geographical position of the Republic of Serbia downstream 
from Nuclear Power Plant Krško and Nuclear Power Plant Paks, 
surface water radioactivity monitoring constitutes an important part of 

the national radiological surveillance system. Within the framework of 
bilateral cooperation between Serbia and Hungary, radioactivity 
monitoring of the Danube River has been established in the 
transboundary region at monitoring stations located in Bezdan and 
Mohács, with the aim of assessing potential radiological impacts and 
preserving the quality of this international watercourse. 
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I. INTRODUCTION

 Radioactivity monitoring of the Danube River has been 

carried out for more than 30 years. Upstream from the Serbian 

border, Paks Nuclear Power Plant is located on the Danube 

River in Hungary. The first block of the nuclear power plant 

began operating on December 29, 1982. and this year is taken 

as the last year for determining the zero state of radioactivity of 

the Danube River. The results of these measurements are in the 

report of the Ruđer Bošković Institute in 1989 [1]. The power 

plant is operating by pressurized-water reactor (PWR) blocks. 

With four VVER-440 type reactor units (1840 MWe), serve 

approximately 32 % of the Hungarian electricity demand. 

Cooling of the reactors is provided by water from the Danube. 
The spent cooling water and the treated wastewater of the 

facility discharged into the Danube [2]. 

    In accordance with the Agreement between the Government 

of the Republic of Serbia and the Government of Hungary on 

Cooperation in the Field of Sustainable Management of 

Transboundary Waters and River Basins of Common Interest, a 

joint radioactivity monitoring system was implemented along 

the Danube River at the shared border section, with monitoring 

stations located in Bezdan (Serbia) and Mohacs (Hungary). The 

monitoring program is aimed at continuous assessment of 

radiological water quality and provides an effective tool for the 

timely identification of potential upstream radioactive 
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contamination, including possible influences from the operation 

of the Paks Nuclear Power Plant in Hungary.  

    Nuclear power plants are located on major rivers due to the 

large quantities of water required for cooling processes. In the 

event of accidents, operational failures, or contamination related 

to cooling systems, artificial radionuclides such Sr-90 may be 

released into aquatic environments, where they can persist for 

long periods and cause adverse ecological and health effects. In 
addition to their presence in the water column, radionuclides 

such as Sr-90 may also accumulate in river sediments.  

    This work presents radioactivity concentrations of Sr-90 in 

surface water samples taken from the middle of Danube at 

location Bezdan and Mohacs for 2025. 

II. MATERIALS AND METHODS

 The samples from the Danube ecosystem were taken at the 

border profiles: Bezdan (Serbia) and Mohacs (Hungary) six 
times annually (March, April, June, August, September and 

November) in accordance with the conclusions of the Serbian-

Hungarian subcommission for the protection of water quality. 

The surface water samples were taken at three profiles of the 

Danube (left bank, middle, and right bank of the river) at 

Mohacs, and at two profiles of the Danube (left bank and middle 

of the river) at Bezdan. 

 Beside the surface water samples, sediment samples were 

taken six times annually at for points. The measurement of 

radioactivity in fish samples is carried out in two kinds of fishes. 

The algae are collected from the old boats being sunken in river 

water for a long time and from the docks of river ports. 

 Radioactivity monitoring of Danube at the border profile 

includes determination of gross alpha and gross beta activity, 

Sr-90 determination, determination of tritium, and gamma 

spectrometry measurements. 90Sr activity determination in 

water samples were performed only in samples taken from the 

middle of the river and was measured using α/β proportional gas 

counter after radiochemical preparation. 

    In the vicinity of the Paks NPP, the only significant surface 

water body is the River Danube. The power plant is situated at 

1,527 river km from the mouth of the Danube. The average river 

flow in this region is approximately 2,350 m³/s, with an average 
water velocity of about 1 m/s. During operation of all four units, 

approximately 10–11% of the total river flow may be withdrawn 

for cooling purposes [3]. 

    In addition to naturally occurring radionuclides present in 

surface waters, particular attention in this study is devoted to 

artificial radionuclide. Given the large flow rate and dilution 

capacity of the Danube, the assessment of anthropogenic 

radionuclides in the aquatic environment is of particular 

importance for evaluating potential impacts on downstream and 

transboundary water bodies. Sr-90 is of special interest due to 

its environmental mobility and long-term persistence. 
Considering that the study area is located downstream of the 

Paks Nuclear Power Plant, the occurrence of Sr-90 in the 

Danube represents an important parameter for assessment. 

However, any detected presence of Sr-90 in the river cannot be 

directly attributed to releases from Paks NPP, as it may also 

originate from historical global fallout and residual 

contamination associated with the Chernobyl accident. 

Therefore, monitoring of Sr-90, together with Cs-137 as another 

key anthropogenic radionuclide, is essential for assessing 

radiological impacts on transboundary surface waters and for 

distinguishing potential operational influences from legacy 

sources of contamination. Cumulative limits of annual liquid 
discharges for the four units from Paks NPP for Sr-90 are 

specified in the National Report [3].  

 Radiochemical method of Sr-90 separation is based on oxalate 

isolation of Ca and Sr, ignition to oxides and usage of aluminum 

as 90Y carrier. The equilibrium between 90Y and 90Sr is achieved 

in 18 days, and after that time 90Y is isolated on Al(OH)3 carrier, 

which is then ignited to oxide that is subsequently measured by 

α/β counter. The calibration of the beta radiation counting 

system was performed using a certified radioactive point source 

of Sr-90, produced by Czech Metrology Institute from Prague. 

Each sample was counted once for 5400 s. The efficiency of the 

counter for beta counting was approximately 35 % [4,5] 

III. RESULTS

The Sampling activities on the Danube River downstream of 

the Paks NPP are carried out in accordance with the protocols 

of the Subcommittee for Water Quality Protection of the 

Serbian–Hungarian Water Management Commission. Sampling 

is performed six times per year. In April, sampling is conducted 
on the Hungarian side at Mohacs as a joint exercise involving 

authorized representatives from both Hungary and Serbia. In 

September, joint sampling is carried out at Bezdan. 

In March, June, August, and November, each side performs 

sampling independently on its respective territory. Following 

the completion of laboratory analyses, the results are 

harmonized and reviewed at joint Subcommittee meetings. 

The results of Sr-90 activity concentration in surface water 

samples from Danube at the Serbian-Hungarian border for 2025 

are presented in Table I.  

TABLE I. SR-90 ACTIVITY CONCENTRATION IN SURFACE WATER FROM DANUBE 

AT SERBIAN-HUNGARIAN BORDER 

Location Sampling date Sr-90 (Bq/m3) 

Bezdan March 5 < 3.4 

Mohacs April 2 < 3.0 

Bezdan June 4 < 3.1 

Bezdan August 6 < 2.2 

Bezdan September 3 4.8 ± 1.6 

Bezdan November 5 < 2.3 

 The results of Sr-90 measurements are below the minimum 
detectable activity, except for sample from Bezdan taken at 

September 2025, and reveal that the values are at the same level 

as they were before the Paks Nuclear Power Plant started 

running. 

 In addition, a station for monitoring radionuclide content in 
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water has been installed on the Danube River near Apatin, and 

the results will be available through the European Radiological 

Data Exchange Platform (EURDEP). 

    The measured activities of Sr-90 in all water samples 

presented in this paper are within the range of average values 

reported for regions in Serbia, as determined through the 

Monitoring programme (Rulebook for establishing programme 

of systematic environmental radioactivity examination [6]).  

    400 km upstream from Belgrade, the NPP Krško is situated 

on the Sava River in Slovenia. Based on the mentioned 

legislative, Sr-90 is also measured in Sava River and results 

obtained in this work are in agreement with results for Sr-90 in 

Sava. 

    National regulations do not define a reference value for Sr-90 

in surface waters, but only for drinking water; therefore, the 

obtained values can only be compared with the prescribed limits 

for drinking water. However, based on the obtained results, it 

can be concluded that no elevated Sr-90 activity concentrations 

were detected in the Danube River at the transboundary profile. 

    A comprehensive assessment was carried out based on annual 
radiation protection reports prepared by MVM Paks Nuclear 

Power Plant, together with official monitoring data covering the 

period 2011–2022 (and partially 2023). On this basis, 

environmental radioactivity in the vicinity of the plant site was 

evaluated. Measurements of radionuclides reported in these 

documents indicate that, with a few exceptions, activity 

concentrations remained below the 1980 reference level each 

year, or were comparable to those recorded at a reference station 

located 30 km away and to national background values [7]. 

  In determining the transboundary impacts from liquid 

discharges, it is assumed that liquid releases from the nuclear 
power plant will eventually be discharged into the Danube as a 

receiving water body. The contamination discharged into the 

river water will be diluted and its concentration will decrease 

during the dispersion process. For radioactive materials, 

radioactive decay also causes a decrease in activity 

concentration. The analyses determine the activity 

concentrations of the released radioisotopes at the receptor 

points and then calculate the exposure of the population taking 

into account the exposure pathways.  

   As previously noted, long-term monitoring of the Danube 

River at the border profile with Hungary has been conducted for 
many years. The results have not indicated any significant 

deviations in radionuclide concentrations across different 

environmental matrices. Such findings could potentially be 

interpreted as an absence of a measurable impact from the Paks 

Nuclear Power Plant on the monitored section of the river [8-

10]. 

IV. CONCLUSION

     In this paper we present the results of determination Sr-90 in 
the surface water from Danube on Serbian (Bezdan) – 

Hungarian (Mohac) border area for 2025. The results reveal that 

the values are at the same level as they were before the Paks 

Nuclear power plant started running. The monitoring is 

primarily focused on assessing the potential impact of the Paks 

Nuclear Power Plant, located upstream, considering that the 

Danube River is used in the plant’s cooling system.  

    However, the presence of artificial radionuclides cannot 

necessarily be attributed solely to the operation of the power 

plant, as it may also result from residual contamination 

originating from the Chernobyl accident, particularly due to the 

long half-life of Sr-90. Nevertheless, the obtained results 
indicate that the activity concentrations of this artificial 

radionuclide were below the detection limits, suggesting that 

there is currently no significant radiological impact on the 

transboundary aquatic systems. 
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