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Welcome 

We are glad to welcome you to the 6th International Conference on 

Environmental Radioactivity, ENVIRA 2021: Fukushima Accident – 10 

years of Environmental Investigations, and New Challenges in 

Environmental Radioactivity Studies which will take place on-line, 

from December 6th to 10th, 2021. 

 

The ENVIRA 2021 conference is assembling people from different 

scientific fields, from Europe and the rest of the world, dealing with 

similar issues. Invited plenary keynote talks by leading experts and 

world renowned scientists, a big variety of special sessions, panel 

discussions aligned with the most pressing issues in the field of 

Environmental Radioactivity, as well as informative technical sessions, 

poster sessions, and social functions will be organized during the 

Conference. 

 

 

On behalf of the Organizing Committee 

Alexandra Ioannidou 

Pavel P. Povinec 
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INTERNATIONAL CONFERENCE ON ENVIRONMENTAL RADIOACTIVITY,  
ENVIRA2021  

 
 
 

PROGRAM 
(online) 

 

Hours are given in the Central European Time (CET) Zone 
  

Honolulu (-11) - Los Angeles (-9) - New York, Ottawa (-6) – Rio de Janeiro (-4) - London (-1)  
CET (Paris, Berlin, Vienna,…)  

Athens (+1) - Moscow (+2) – Dubai (+3) - New Delhi (+4.30) – Beijing (+7) – Tokyo (+8) – Sydney (+10) 
 

                                                                        Monday 6/12/2021 

8.00-8:30  
Conference Opening 

Chair: Alexandra Ioannidou, Pavel Povinec 

8.00  WELCOME 
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                                                                          Monday 6/12/2021 

 
8:30-13:00 

Speakers 
(invited speakers in bold) 

Fukushima Accident – 10 years after 
Chair: P. Povinec, T.M.  Nakanishi, K. Hirose 

8:30 
Katsumi Hirose, 
Laboratory for Environmental 
Research at Mount Fuji, Tokyo 

Ten years of investigations of Fukushima radionuclides in the environment. 

9:00 
Tomoko M. Nakanishi, 
The University of Tokyo & Hoshi 
University, Tokyo 

What has been found in these ten years to agriculture and environment by Fukushima nuclear accident. 

9:30 Michio Aoyama, 
University of Tsukuba, Tsukuba 

10 years long-range transport of radiocesium derived from Fukushima accident in the surface layer and ocean 
interior in the North Pacific Ocean. 

10:00 
Daisuke Tsumune, 
Central Research Institute of Electric 
Power Industry, Abiko 

Verification of sources of 137Cs from Fukushima Daiichi nuclear power plant accident to ocean by higher resolution 
ocean dispersion simulation. 

10:30 
Yutaka Tateda, 
Central Research Institute of Electric 
Power Industry, Abiko, Chiba 

Determining factors of radio-cesium bio-kinetics in rockfish off Fukushima. 
 

11:00 
Jian Zheng, 
National Institute of Radiological 
Sciences, Chiba 

Pu levels in the environment after the Fukushima accident. 
 

11:30 Hyoe Takata, 
Fukushima University, Fukushima 

Contribution of rivers to temporal change of radiocesium concentration in the marine environment. 
 

12:00 Shigeyoshi Otosaka, 
University of Tokyo, Kashiwa 

Radiocaesium in the seafloor off Fukushima. 
 

12:30 
A. J. Timothy Jull, 
University of Arizona & ATOMKI, 
Debrecen, Tucson, AZ 

Search for a Fukushima signal in 129I in coastal Pacific Ocean waters from North America. 
 

  

13:00-13:30  Lunch/Coffee 

13:30-14:30 Poster session - 1 See the Poster Program 

 
  

https://www.dropbox.com/s/8nrewlnr52anms8/001_K.Hirose.pdf?dl=0
https://www.dropbox.com/s/p3vcxbvc19v09h2/002_%20T.Nakanishi.pdf?dl=0
https://www.dropbox.com/s/l8rlwzlhp7jkyvl/003_Aoyama.pdf?dl=0
https://www.dropbox.com/s/l8rlwzlhp7jkyvl/003_Aoyama.pdf?dl=0
https://www.dropbox.com/s/zthsysqj6n0jdfu/004_D.%20Tsumune.pdf?dl=0
https://www.dropbox.com/s/zthsysqj6n0jdfu/004_D.%20Tsumune.pdf?dl=0
https://www.dropbox.com/s/giktfjhac4iqg6o/005_Y.%20Tateda.pdf?dl=0
https://www.dropbox.com/s/n3ypemzcege4oel/006_J.%20Zheng.pdf?dl=0
https://www.dropbox.com/s/n3ypemzcege4oel/006_J.%20Zheng.pdf?dl=0
https://www.dropbox.com/s/r6kmhz3c6o3ydss/007_H.%20Takata.pdf?dl=0
https://www.dropbox.com/s/r6kmhz3c6o3ydss/007_H.%20Takata.pdf?dl=0
https://www.dropbox.com/s/q8hwzpaebddkx3l/008_S.%20Otosaka.pdf?dl=0
https://www.dropbox.com/s/q8hwzpaebddkx3l/008_S.%20Otosaka.pdf?dl=0
https://www.dropbox.com/s/e695ex5n1yarxp5/009_A.J.T.%20Jull.pdf?dl=0
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                                                                          Monday 6/12/2021 

14:30-17:30 Speakers 
(invited speakers in bold) 

Fukushima (session 2) & Chernobyl Accidents 
Chair: J. Kaizer, M.  Aoyama, K. Rozov 

14:30 Michio Aoyama, 
University of Tsukub, Tsukuba 

Transport of radiocesium from the North Pacific Ocean into the Sea of Japan via the East China Sea. 
 

14:50 Jakub Kaizer, 
Comenius University, Bratislava 

Co-precipitation and determination of seawater radiocesium and plutonium offshore Fukushima. 
 

15:10 Mengting Zhang, 
Institute of Earth Environment, Xi’an 

Iodine-129 in the western South China Sea: distribution, migration and its tracer application for water circulation. 
 

15:30 
Konstantin Rozov, 
Institute if Environmental Geology, St. 
Petersburg 

Developing a long-term model of the changes in the Fukushima debris properties during interaction with aqueous solutions. 
 

15:50 Yanxia Cheng, 
Sichuan University, Chengdu 

Uranium biomineralization induced by green algae: Behavior investigation and mechanism probe. 
 

16:10 
Tatiana Poliakova, 
Lomonosov Moscow State University, 
Moscow 

Chernobyl “hot” particle stability depending on fuel burnup and Zr-U composition. 
 

16:30 
Natalia Kuzmenkova, 
Lomonosov Moscow State University, 
Moscow 

Simultaneous separation of actinides and technetium from large volumes of natural water for environmental monitoring. 
 

16:50 Norbet Kavasi, 
Jožef Stefan Institute, Ljubljana 

Difficulties of 90Sr determination in environmental samples contaminated by the Fukushima accident. 
 

17:10 
Jing Chen, 
Radiation Protection Bureau, Health 
Canada, Ottawa 

Summary report of radioactivity concentration measurements in fish samples collected from the west coast of Canada after the 
Fukushima accident. 
 

 
  

https://www.dropbox.com/s/kvfbdcxuk6g42dh/010_Aoyama.pdf?dl=0
https://www.dropbox.com/s/kvfbdcxuk6g42dh/010_Aoyama.pdf?dl=0
https://www.dropbox.com/s/hdd6z6xjuak40yx/013_Kaizer.pdf?dl=0
https://www.dropbox.com/s/xwjaoc9jwqk9zu4/014_Zhang.pdf?dl=0
https://www.dropbox.com/s/somyhl8toer7n6y/015_Rozov.pdf?dl=0
https://www.dropbox.com/s/jxpy366x5ytqbe0/016_Y.X.-Cheng.pdf?dl=0
https://www.dropbox.com/s/9k6tt5ydr1fz7tw/017_Poliakova.pdf?dl=0
https://www.dropbox.com/s/npnrj89prjekb94/018_Kuzmenkova.pdf?dl=0
https://www.dropbox.com/s/r924saoa4owgk02/011_Kavasi.pdf?dl=0
https://www.dropbox.com/s/zyfrx4mzld86in4/012_Jing%20Chen.pdf?dl=0
https://www.dropbox.com/s/zyfrx4mzld86in4/012_Jing%20Chen.pdf?dl=0
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                                                                      Tuesday 7/12/2021  

8:00-11:30 Speakers 
(invited speakers in bold) 

Marine Radioactivity 
Chair: G. Lujaniené, Y. Kumamoto, C. Tsabaris   

8:00 
Florence Descroix-
Comanducci, 
IAEA, Monaco 

60 years of marine environment research and development. 
 

8:30 
Katsumi Hirose, 
Laboratory for Environmental Research 
at Mount Fuji, Tokyo 

Temporal variability of plutonium in surface waters in the Sea of Japan. 
 

8:50 Yuichiro Kumamoto, 
JAMSTEC, Yokosuka 

Radiocesium in the western subarctic area of the North Pacific Ocean, Bering Sea, and Arctic Ocean in 2019 and 2020. 
 

9:10 
Galina Lujaniene, 
Center for Physical Sciences and 
Technology, Vilnius 

241Am and Pu isotopes in the Curonian Lagoon and the south-eastern Baltic Sea (Lithuanian zone). 
 

9:30 
Mu Lin, 
Technical University of Denmark, 
Roskilde 

Multi-tracer approach to estimate water-mass composition in the North Baltic Sea Transition Zone. 
 

9:50 
Christos Tsabaris, 
Hellenic Centre for Marine Research, 
Anávyssos 

Distribution of dissolved radionuclides at Eastern Mediterranean Sea in case of hypothetical accident at the Akkuyu Nuclear 
Power Plant. 

10:10 
Petros Leivadaros, 
Hellenic Centre for Marine Research, 
Anávyssos 

Using 137Cs as a tracer for water mass identification in the Aegean Sea. 
 

10:30 
Jinlong Wang,  
East China Normal University, 
Shanghai 

Distribution of Pu-239 and Pu-240 in the Eastern Chinese seas and its implications in the qualification of oceanic-derived 
species. 

10:50 
Gang Lin, 
Technical University of Denmark, 
Roskilde 

Tracing Atlantic water transit time and transport pathway using 99Tc-233U-236U in the North Atlantic-Arctic transition region. 

11:10 Han Xiaoxiao, 
Soochow University, Suzhou 

Distribution of 237Np, 239,240Pu and 241Am in the Yangtze River estuary. 
 

 
  

https://www.dropbox.com/s/k8abhaq6nnuzepj/001_Comanducci.pdf?dl=0
https://www.dropbox.com/s/27wze8byw6vnyas/002_Hirose.pdf?dl=0
https://www.dropbox.com/s/xrkxgxv30h1nflz/003_kumamoto.pdf?dl=0
https://www.dropbox.com/s/qb2rfwnsp8e59jx/004_Lujaniene.pdf?dl=0
https://www.dropbox.com/s/ej05i1k5x0xufq9/005_Mu%20Lin.pdf?dl=0
https://www.dropbox.com/s/0fyii269gv5vc9d/006_Tsabaris.pdf?dl=0
https://www.dropbox.com/s/0fyii269gv5vc9d/006_Tsabaris.pdf?dl=0
https://www.dropbox.com/s/tlkqvxjwvl2mp3i/007_Leivadaros.pdf?dl=0
https://www.dropbox.com/s/8n1r39xa3yxmlp2/008_Wang.pdf?dl=0
https://www.dropbox.com/s/8n1r39xa3yxmlp2/008_Wang.pdf?dl=0
https://www.dropbox.com/s/mhszdnasu7eaqb7/009_Lin.pdf?dl=0
https://www.dropbox.com/s/n8n3dpiwhu2whwp/010_HanXiaoxiao.pdf?dl=0
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                                                                       Tuesday 7/12/2021 

11:30-13:00 Speakers 
(invited speakers in bold) 

Cosmogenic Radionuclides  
Chair: A.J.T. Jull, J. Masarik  

11:30 Jozef Masarik, 
Comenius University, Bratislava 

Numerical simulation of particle fluxes and production of cosmogenic nuclide in the Earth's atmosphere. 
 

12:00 Lukas Wacker, 
ETH Zurich, Zurich 

Radiocarbon in tree-rings reveals the solar 11-yr cycle over the last millennium. 
 

12:30 Walter Kutschera, 
University of Vienna, Vienna 

On the date of the Minoan eruption of Santorini - will the debate ever end? 
 

  

13:00-13:30 Lunch/Coffee 

13:30-14:30 Poster session - 2 See the Poster Program 

 

14:30-17:30 Speakers Terrestrial Radioactivity  
Chair: X. Zhao, R. Garcia-Tenorio, S. Mancini 

14:30 Rafael Garcia-Tenorio, 
University of Seville, Seville 

Challenges in the radiometric characterization of NORM materials. 

14:50 Xue Zhao, 
Institute of Earth Environment, Xi’an 

Plutonium isotopes in the Qinghai-Tibet Plateau: sources, and their environmental behaviors. 
 

15:10 
Swati Thakur, 
Indian Institute of Technology, 
Rupnagar, Punjab 

Study of ambient background and environmental radioactivity using ILMI. 
 

15:50 
Prasoon Raj, 
Emirates Nuclear Technology Center, 
Abu Dhabi 

First estimation of NORM concentration ratios in Abu Dhabi date palms 

16:10  Simona Mancini, 
University of Salerno, Fisciano 

A strategy for the radon assessment based on indicators. 
 

16:30 
Zhengzhong He 
University of South China, Hengyang, 
Hunan 

Performance test of radon exhalation rate standard facility with unconsolidated medium surfaces. 
 

16:50 
Kailas S. Banerjee, 
University of West Indies, Trinidad and 
Tobago 

Variation in terrestrial gamma radiation flux before and after a Mud-volcano eruption – Piparo Mud-volcano in Trinidad and 
Tobago. 
 

17:10 
Maria A.V. Wasserman, 
Instituto de Radioproteção e 
Dosimetria, Rio de Janeiro 

Application of Deep Neural Networks to forecast 60Co soil to plant transfer factor values based in pedological parameters. 
 

 
 
 

https://www.dropbox.com/s/myp8olfrrpew0s0/011_Masarik.pdf?dl=0
https://www.dropbox.com/s/vvqek7ufwde1i90/012_Wacker.pdf?dl=0
https://www.dropbox.com/s/px4bmb976ghzead/013_Kutschera.pdf?dl=0
https://www.dropbox.com/s/gvyguiujhjobys3/014_GarciaTenorio.pdf?dl=0
https://www.dropbox.com/s/tzkmc4hgz54x67t/015_Xue%20Zhao.pdf?dl=0
https://www.dropbox.com/s/qd090bd9stvf5yf/016_Thakur.pdf?dl=0
https://www.dropbox.com/s/qsk9gs4tnm5xqf0/003_Prasoon%20Raj.pdf?dl=0
https://www.dropbox.com/s/9rxbdss1do9xshx/018_Mancini.pdf?dl=0
https://www.dropbox.com/s/orrarr100ltc0kp/019_Lv.%20Lidan.pdf?dl=0
https://www.dropbox.com/s/xbfspo62rurardg/020_Banerjee.pdf?dl=0
https://www.dropbox.com/s/xbfspo62rurardg/020_Banerjee.pdf?dl=0
https://www.dropbox.com/s/tkrpcegbh7y3ezu/022_Wasserman.pdf?dl=0
https://www.dropbox.com/s/tkrpcegbh7y3ezu/022_Wasserman.pdf?dl=0
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                                                                        Wednesday 8/12/2021 

8:00-10:50 Speakers 
(invited speaker in bold) 

Radionuclide Tracers  
Chair: G. Steinhauser, O. Masson, A. Ioannidou 

8:00 
Olivier Masson, 
IRSN, Saint-Paul-lez-Durance, 
Fontenay aux Roses 

Europe-wide atmospheric radionuclide dispersion from wildfires in the Chernobyl area, April 2020. 
 

8:30 
Jussi Paatero, 
Finnish Meteorological Institute, 
Helsinki 

Airborne fission products in Finland – Cases of Fukushima and ruthenium-106. 
 

8:50 Luyuan Zhang, 
Institute of Earth Environment, Xi’an 

Analysis of aerosols and gaseous iodine-129 in environmental atmosphere. 
 

9:10 
N. Alegria, 
University of the Basque Country, 
Bilbao, 

Analysis of gross alpha activity, gross beta activity and beryllium-7 activity concentration in airborne samples and 
meteorological influence in Bilbao (Spain). 
 

9:30 Yukun Fan, 
Institute of Earth Environment, Xi’an 

Preliminary study of 129I dating of terrestrial sediments. 
 

9:50 Pavel Povinec, 
Comenius University, Bratislava 

Climate changes: a comparison of natural and anthropogenic sources using isotope tracers. 
 

10:10 Renata Kierepko, 
Institute of Nuclear Physics, Krakow 

From anti-smog resolution to nuclear incidents. Information that we can obtain from analyzes of total atmospheric precipitation. 
 

 
  

https://www.dropbox.com/s/u3nnj6s12v3vh2a/001_Masson.pdf?dl=0
https://www.dropbox.com/s/gdu2yj27qt3oye9/002_Paatero.pdf?dl=0
https://www.dropbox.com/s/ekfkfygom69vx81/005_Luyuan%20Zhang.pdf?dl=0
https://www.dropbox.com/s/xsrosypadwugibe/006_Alegria.pdf?dl=0
https://www.dropbox.com/s/xsrosypadwugibe/006_Alegria.pdf?dl=0
https://www.dropbox.com/s/rw3aufeahe3ctkv/007_Fan.pdf?dl=0
https://www.dropbox.com/s/q6bblin4xgayg62/008_Povinec.pdf?dl=0
https://www.dropbox.com/s/ykrxei9myd1pk29/003_Kierepko.pdf?dl=0
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                                                                        Wednesday 8/12/2021 

10:50-13:00 Speakers 
(invited speaker in bold) 

Progress in Environmental Radioactivity Studies  
Chair: G. Wallner, X. Hou 

10:50 Xiaolin HOU, 
Institute of Earth Environment, Xi’an 

Level, distribution and sources of anthropogenic radionuclides in China, a new investigation. 
 

11:20 Gabriele Wallner, 
University of Vienna, Vienna 

Determination of 236U/238U and 240Pu/239Pu atom ratios in lung ashes from Vienna, Austria, for the years 1961-65. 
 

11:40 José A. Corcho Alvarado, 
Spiez Laboratory, Spietz 

Ultratrace analysis of radionuclides in ice samples: a case study in the Gauli Glacier (Switzerland). 
 

12:00 Carlo Sabbarese, 
Universit`a Vanvitelli, Caserta 

High sensitivity radionuclide analysis in water matrices for environmental assessment. 
 

12:20 
Feng Lin, 
Third Institute of Oceanography, 
Ministry of Natural Resources, Xiamen 

Variation of particle mixing rates in sediment cores from the polymetallic nodule area in the eastern Pacific: evidence from 210Pb 
excess. 
 

12:40 Michaela Bodová, 
State Office for Nuclear Safety, Prague 

Radiation monitoring network in the Czech Republic. 
 

  

13:00-13:30 Lunch/Coffee 

13:30-14:30 Poster session - 3 See the Poster Program 

 

14:30-16:30  Speakers Environmental Radioactivity Studies and Modeling 
Chair: P.V. Slastikhina, S. Li  

14:30 Shunzhang Chen, 
Sichuan University, Chengdu 

Simultaneous reduction and phosphate mineralization of uranium in Bacillus Thuringiensis. 
 

14:50 
Qiaohui Fan, 
Northwest Institute of Eco-Environment 
and Resources, Lanzhou 

Interaction mechanism of radiocesium on Beishan granite: EXAFS and modeling studies. 

15:10 Sixuan Li, 
Peking University, Beijing 

Modelling the migration of plutonium in soils in China. 

15:30 
Polina V. Slastikhina, 
Khlopin Radium Institute, Saint 
Petersburg 

Aging behavior of simulated MCCI products in water solutions at different conditions. 
 

15:50 Tu Lan, 
Sichuan University, Chengdu 

Mechanistic insights into the folding and aggregation of HA and its interaction with uranyl in the presence of 
hydrophobic/amphiphilic surface using molecular dynamics simulations. 
 

16:10 Dayin Tong, 
Xi'an Jiaotong University, Xi’an 

Adsorption mechanism of methyl iodide by COF-DL229: A periodic DFT study. 
 

 
 

https://www.dropbox.com/s/rpb8t9kr271k6he/009_Xiaolin%20Hou.pdf?dl=0
https://www.dropbox.com/s/cpldr2zksuqrl4k/010_Wallner.pdf?dl=0
https://www.dropbox.com/s/sjnpvczjh4s5k3y/011_Corcho-Alvarado.pdf?dl=0
https://www.dropbox.com/s/55f9mmz7pvw0tsf/012_Sabbarese.pdf?dl=0
https://www.dropbox.com/s/niqq6ow2jysaf67/013_Wen%20Yu.pdf?dl=0
https://www.dropbox.com/s/niqq6ow2jysaf67/013_Wen%20Yu.pdf?dl=0
https://www.dropbox.com/s/iwaunl82jn3giue/014_Bodova.pdf?dl=0
https://www.dropbox.com/s/zi6ifc7518phfxh/015_Shunzhang%20Chen.pdf?dl=0
https://www.dropbox.com/s/3ce0sw464h7lx0l/016_Qiaohui%20Fan.pdf?dl=0
https://www.dropbox.com/s/a12qcu2wetxeimf/017_Sixuan%20Li.pdf?dl=0
https://www.dropbox.com/s/fk6186g7e1zuna3/018_Slastikhina%20Polina%20Vladimirova.pdf?dl=0
https://www.dropbox.com/s/tdpua91kmk526uu/019_Tu%20Lan.pdf?dl=0
https://www.dropbox.com/s/tdpua91kmk526uu/019_Tu%20Lan.pdf?dl=0
https://www.dropbox.com/s/9r0a68s0r1qq0m0/020_Tong.pdf?dl=0
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                                                                         Thursday 9/12/2021 

8:00-12:00 Speakers 
(invited speakers in bold) 

Recent Developments in Analytics  
Chair: M. Ješkovský, S. Nisi   

8:00 
Michael Hotchkis, 
Australian Nuclear Science and 
Technology Organisation, Lucas 
Heights 

Plutonium analysis in the attogram range by accelerator mass spectrometry. 

8:30 
Elena Chamizo, 
Centro Nacional de Aceleradores, 
Sevilla 

The 233U/236U atom ratio as a tool to distinguish anthropogenic U sources and its application as an oceanographic tracer in the 
Arctic Ocean. 

9:00 Martin Martschini, 
University of Vienna, Vienna 

Ion Laser InterAction Mass Spectrometry - providing utmost isotope abundance sensitivity for long-lived fission products. 

9:20 Yun-Chong, 
Institute of Earth Environment, Xi'an Study of 10Be/7Be analysis method using accelerator mass spectrometry. 

9:40 Miroslav Ješkovský, 
Comenius University, Bratislava 

Development of accelerator mass spectrometry methods for analysis of U-238 and Th-232 in construction materials of detectors 
operating deep underground. 

10:00 Stefano Nisi, 
LNGS-INFN, Assergi 

Study of secular equilibrium in natural decay chains combining γ-ray spectrometry and inductively coupled plasma mass 
spectrometry. 

10:20 Xiaolin Hou, 
Technical University of Denmark, Riso 

Rapid determination of 126Sn in spent ion exchange resin by chemical separation and triple quadrupole inductively coupled 
plasma mass spectrometry measurement. 

10:40 
Xiongxin Dai, 
China Institute for Radiation Protection, 
Taiyuan 

Rapid analysis of polonium-210 for environmental applications. 

11:00 William Kieser, 
University of Ottawa, Ottawa 

New applications of fluoride target matrices in the analysis of radioisotopes by accelerator mass spectrometry. 

11:20 
Coralie Carrier, 
IRSN, Saint-Paul-lez-Durance, Le 
Vesinet 

Development of new low-level iodine-129 analysis method applied to the understanding of iodine’s transfer mechanisms in the 

environment. 

 
  

https://www.dropbox.com/s/whok93qchayfe1x/001_Hotchkis.pdf?dl=0
https://www.dropbox.com/s/61jlujo9ef1fqkv/002_E.%20Chamizo.pdf?dl=0
https://www.dropbox.com/s/61jlujo9ef1fqkv/002_E.%20Chamizo.pdf?dl=0
https://www.dropbox.com/s/uisj279yx4w0xqh/003_Martschini.pdf?dl=0
https://www.dropbox.com/s/qgjpfqbk5vmt8r0/004_Yun-Chong%20Fu.pdf?dl=0
https://www.dropbox.com/s/uqby9bfa59a7mwe/006_Jeskovsky.pdf?dl=0
https://www.dropbox.com/s/uqby9bfa59a7mwe/006_Jeskovsky.pdf?dl=0
https://www.dropbox.com/s/9wunwqkjfrymdw0/007_Nisi.pdf?dl=0
https://www.dropbox.com/s/9wunwqkjfrymdw0/007_Nisi.pdf?dl=0
https://www.dropbox.com/s/i2788h8jo6vsgzk/008_Xiaolin%20Hou.pdf?dl=0
https://www.dropbox.com/s/i2788h8jo6vsgzk/008_Xiaolin%20Hou.pdf?dl=0
https://www.dropbox.com/s/dfmqpoat44ucy5x/009_Xiongxin%20Dai.pdf?dl=0
https://www.dropbox.com/s/ctp98kvbnd755j2/010_L.%20Kieser.pdf?dl=0
https://www.dropbox.com/s/otlwgxlp8820ir4/005_Carrier.pdf?dl=0
https://www.dropbox.com/s/otlwgxlp8820ir4/005_Carrier.pdf?dl=0
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                                                                           Thursday 9/12/2021 

12:00-13:10 Speakers 
(invited speaker in bold) 

Reference Materials  
Chair: S.-H. Lee, V. Jobbagy 

12:00 
Ken G.W. Inn, 
K&E Inn Ovations, Inc., Ewa Beach, 
Hawaii 

Radiochemical measurement uncertainties & correlations – Phase II [Deeper into the Rabbit Hole]. 

12:30 Sang-Han Lee, 
KRISS, Daejeon 

Development of concrete reference materials (RM) for quality assurance of radioactivity measurement for nuclear power plant 
decommissioning waste. 

12:50 Viktor Jobbagy, 
EC, Joint Research Centre, Geel 

Status update of gross alpha/beta activity determination in drinking water after a European wide proficiency test in 2020. 

  

13:00-13:30 Lunch/Coffee 
13:30-14:30 Poster session - 4 See the Poster Program 

14:30-17:50 Speakers 
Developments in Radioanalytics  

Chair: F. Fan, N. Chipanovska, A. Ioannidou 

14:30 Ari Lehmusvuori, 
HIDEX Oy, Turku 

Automated radionuclide extraction chromatography instrument for LSC sample preparation. 

14:50 
Saroa Rozas Guinea, 
University of the Basque Country, 
Bilbao 

Quality assurance of C-14 measurements in environmental samples. 

15:10 Natasha Chipanovska, 
Jožef Stefan Institute, Ljubljana 

Validation protocol for determination of 14C with the use of CO2 direct absorption method. 

15:30 
Yonggang Yang, 
China Institute for Radiation Protection, 
Taiyuan 

A method of determination of gross alpha and beta activity in seawater samples by alpha/beta discrimination liquid scintillation 
counting technique. 

15:50 Concepción Olondo, 
UPV/EHU, Bilbao 

Alpha spectrometry: avoiding recoil contamination of solid-state alpha detectors. 

16:10 Alejandro Barba-Lobo, 
University of Huelva, Huelva 

A new methodology to determine natural radionuclides by gamma-ray spectrometry using a general efficiency function 
corrected due to self-absorption effects. 

16:30 Fuyou Fan, 
National Institute of Metrology, Beijing 

Production of Po-209 by 209Bi(p,n)209Po and the separation of Po from Bi-Cu target. 

16:50 
Yueying Wen, 
Shanghai Jiao Tong University, 
Shanghai 

Study on the selective adsorption of Pd(II) using silica based hexacyanoferrates. 

17:10 
Mao Cong 
Shanghai Jiao Tong University, 
Shanghai 

Study on Synthesis of the phosphonate functionalized mesoporous silicas and its adsorption property for REEs. 

 
 
  

https://www.dropbox.com/s/buy5zdsz5c88kpa/011_K.G.W.%20Inn.pdf?dl=0
https://www.dropbox.com/s/dpsp7ycqzdkp0cl/012_Lee.pdf?dl=0
https://www.dropbox.com/s/dpsp7ycqzdkp0cl/012_Lee.pdf?dl=0
https://www.dropbox.com/s/bp1ijcwkc6wrqlt/013_Jobbagy.pdf?dl=0
https://www.dropbox.com/s/i15s2gw92lv9qrj/014_Lehmusvuori.pdf?dl=0
https://www.dropbox.com/s/mofh5kjzayudpqo/015_S.Rozas%20Guinea.pdf?dl=0
https://www.dropbox.com/s/i7jwlhrpa4k3a8d/016_Chipanovska.pdf?dl=0
https://www.dropbox.com/s/p8bitzhvhjb3z2d/017_Yang%20Yonggang.pdf?dl=0
https://www.dropbox.com/s/p8bitzhvhjb3z2d/017_Yang%20Yonggang.pdf?dl=0
https://www.dropbox.com/s/buauc4yjuk3k6de/018_Olondo.pdf?dl=0
https://www.dropbox.com/s/ab6c8l0ewny4sjx/019_Barba-Lobo.pdf?dl=0
https://www.dropbox.com/s/ab6c8l0ewny4sjx/019_Barba-Lobo.pdf?dl=0
https://www.dropbox.com/s/eqp2k1d73god1qm/020_Fuyou%20Fan.pdf?dl=0
https://www.dropbox.com/s/7j9d3dldtoftxil/022_Wen.pdf?dl=0
https://www.dropbox.com/s/k9t7bbatklrmi29/023_Mao%20Cong.pdf?dl=0


 
International Conference on Environmental Radioactivity, ENVIRA2021 - Oral 

 
                                                                         Friday 10/12/2021 

8:00-10:00 Speakers 
Progress in Radioecology  

Chair:  P. Bossew, A.-R. Harbottle  

8:00 J.L. Guerrero, 
University of Huelva, Huelva 

Spatio-temporal evolution of U- and Th-isotopes in a highly polluted creek by acid mine drainage. 

8:20 Andra-Rada Harbottle, 
IAEA, Vienna 

New IAEA Coordinated Research Project (CRP) on Transfer of Radionuclides in Arid and Semi-Arid Environments for 
Radiological Environmental Impact Assessment (K41022). 

8:40 Efem Bilgic, 
Dokuz Eylul University, Izmir 

Analysis of potential impacts of a hypothetical accident in Metsamor Nuclear Power Plant on Turkey. 

9:00 
Marina Poje Sovilj, 
University of J.J. Strossmayer in 
Osijek, Osijek 

Estimation of the annual public exposure to radon in drinking water in Croatia. 

9:20 
Chau Nguyen Dinh, 
AGH University of Science and 
Technology,, Krakow 

Uranium, radium and polonium isotopes in several selected thermal waters in North Vietnam. 

 

10:00-11:00 Poster session - 5 See the Poster Program 

 

11:00-13:00 Speakers 
Progress in Radioecology 2 

Chair: J.W. Mietelski, M. Garcia-Leon 

11:00 Yixuan Liu, 
Institute of Earth Environment, Xi’an Evaluation of soil erosion in a gully region of the middle loess plateau using plutonium. 

11:20 
Maksim Ivanov, 
Lomonosov Moscow State University, 
Moscow 

Application of depth increment unshielded field gamma-spectrometric survey to assess the intensity of sedimentation in a zone 
of intense radioactive contamination. 

11:40 Violeta Hansen, 
Aarhus University, Roskilde 

Background concentrations of naturally occurring radionuclides in Greenland and dose assessment. 

12:20 Jerzy W. Mietelski, 
Institute of Nuclear Physics, Krakow 

On a risk of actinides inhalation during visits in Chernobyl zone. 

 
 
 
 
  

https://www.dropbox.com/s/dhplgw56c4i1h6n/006_Guerrero.pdf?dl=0
https://www.dropbox.com/s/bf42ynzitncv6g0/001_Harbottle.pdf?dl=0
https://www.dropbox.com/s/bf42ynzitncv6g0/001_Harbottle.pdf?dl=0
https://www.dropbox.com/s/07s1w5h732dx1j0/002_Bilgic.pdf?dl=0
https://www.dropbox.com/s/u239puoflkr1bd9/004_Marina%20Poje%20Sovilj.pdf?dl=0
https://www.dropbox.com/s/kjrjrx5hucqdfvk/005_N.%20D.%20Chau.pdf?dl=0
https://www.dropbox.com/s/nabgvzhfbwp8byd/007_Yixuan%20Liu.pdf?dl=0
https://www.dropbox.com/s/lm4q3xlj3yt0kad/008_Ivanov%20Maksim.pdf?dl=0
https://www.dropbox.com/s/lm4q3xlj3yt0kad/008_Ivanov%20Maksim.pdf?dl=0
https://www.dropbox.com/s/tthg4obr6g8jdlg/010_Violeta%20Hansen.pdf?dl=0
https://www.dropbox.com/s/o7qa0318ciai04z/012_Mietelski.pdf?dl=0
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                                                                         Friday 10/12/2021 

13:00-13:30 
Speakers 

 
Closing Ceremony  

Chair: P. Povinec, A. Ioannidou 

13:00 Pavel Povinec Summary of the Conference 

13:10 Alexandra Ioannidou Student awards for the best Oral and Poster presentations 

13:15 Manuel Garcia-Leon ENVIRA2023 

 
 



 
International Conference on Environmental Radioactivity, ENVIRA2021 - Posters 

Monday 6/12/2021 
Marine radioactivity- 

Ten years of investigations of Fukushima radionuclides 
Chair: Ch. Tsabaris, A. Ioannidou 

13:30-14:30 Klaudia Block-Łaszewska 
University of Gdańsk, Gdańsk 

210Po and 210Pb in the bottom sediments of the southern Baltic Sea 

13:30-14:30 Klaudia Block-Łaszewska 
University of Gdańsk, Gdańsk 

Gamma emitting radionuclides in diet supplements of marine origin 

13:30-14:30 X. Wang 
Beibu Gulf University, Tianjin 

Variations of Atmospheric Depositional Fluxes of 7Be and 210Pb at the coast of Maowei 
Sea, Beibu Gulf, China and Their Environmental Significance 

13:30-14:30 
Almira Aidarkhanova  
Branch ‘Institute of Radiation Safety and Ecology’ 

of the NNC RK, Kurchatov 

The character of radionuclide contamination of natural lakes at the territory of the 
Semipalatinsk test site 

13:30-14:30 
Adriana de Souza Medeiros Batista 
Universidade Federal de Minas Gerais, Belo 
Horizonte 

Fukushima Accident: impact on R&D, environmental monitoring and dosimetry 

13:30-14:30 Junwen Wu 
Shantou University, Guangdong 

Distribution and impact of plutonium originating from Fukushima Daiichi Nuclear 
Power Plant accident in the environment: an overview of a decade studies 

13:30-14:30 
Mutsuo Inoue 
Low Level Radioactivity Laboratory, Kanazawa 
University, Kanazawa 

Spatial distribution of 134Cs concentration in the southwestern Sea of Okhotsk in 2019–

2021 

13:30-14:30 
Yutaka Tateda 
Central Research Institute of Electric Power 
Industry, Chiba 

Determining factors of radio-cesium behavior in marine organism before and after the 
Fukushima accident 

13:30-14:30 
Dr. Sharayu Kasar 
National Institutes for Quantum Science and 
Technology, Chiba 

236U and 238Pu concentrations in soils affected by Fukushima Dai-ichi Nuclear Power 
Station accident 

13:30-14:30 
Ning Chen 
Institute of Earth Environment, Chinese Academy 
of Sciences, Shaanxi 

Iodine isotopes in precipitation in Xi’an, China after 2011 Fukushima nuclear accident 

13:30-14:30 Pavel Povinec 
Comenius University, Bratislava Tritium and radiocarbon in surface waters of the Red Sea 

  

https://www.dropbox.com/s/mnylhirf9a4rp44/001_Klaudia%20Block%20Laszewska.pdf?dl=0
https://www.dropbox.com/s/cuz4a81rte81ocd/002_Kaludia%20Block%20Laszewska.pdf?dl=0
https://www.dropbox.com/s/3fazpqpsik06qd8/003_X.%20Wang.pdf?dl=0
https://www.dropbox.com/s/3fazpqpsik06qd8/003_X.%20Wang.pdf?dl=0
https://www.dropbox.com/s/p9v1dp3rdrmv9vz/005_Aidarkhanova.pdf?dl=0
https://www.dropbox.com/s/p9v1dp3rdrmv9vz/005_Aidarkhanova.pdf?dl=0
https://www.dropbox.com/s/ykq4qz6tprzd9gp/007_A.S.M.%20Batista.pdf?dl=0
https://www.dropbox.com/s/64knhq8huu5x9im/008_Junwen%20WU.pdf?dl=0
https://www.dropbox.com/s/64knhq8huu5x9im/008_Junwen%20WU.pdf?dl=0
https://www.dropbox.com/s/yjcnpl75wt6w9bv/009_Inoue.pdf?dl=0
https://www.dropbox.com/s/yjcnpl75wt6w9bv/009_Inoue.pdf?dl=0
https://www.dropbox.com/s/rnzu377chp44ml4/010_Tateda.pdf?dl=0
https://www.dropbox.com/s/rnzu377chp44ml4/010_Tateda.pdf?dl=0
https://www.dropbox.com/s/e01bwj8fyhns1tw/012_Kasar.pdf?dl=0
https://www.dropbox.com/s/e01bwj8fyhns1tw/012_Kasar.pdf?dl=0
https://www.dropbox.com/s/v5ucg17kygday62/013_Ning%20Chen.pdf?dl=0
https://www.dropbox.com/s/45bln059kacip2w/004_Povinec.pdf?dl=0
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Tuesday 7/12/2021 
Terrestrial radioactivity 

Chair: D. Patiris, A. Ioannidou 

13:30-14:30 Antonio Oliver Ramon 
Unversity of the Baleric Islands, Palma 

Underground water natural radioactivity in Mallorca (Spain) 

13:30-14:30 Itzhak Orion 
Ben-Gurion University of the Negev, Beer-Sheva 

Thorium and Radon Radioactive Half-Life Affected by Solar Flares 

13:30-14:30 
Prasoon Raj 
Emirates Nuclear Technology Center (ENTC), Khalifa 
University, Abu Dhabi 

Determination of soil-to-plant transfer factors in UAE vegetables, artificially spiked 
with salts of caesium-133 and strontium-88 – a pilot study. 

13:30-14:30 
Andrey Panitskiy 
Institute of Radiation Safety and Ecology, of National 
Nuclear Center of Kazakhstan, Kurchatov 

Nature of distribution of radionuclides in the vertical soil profile of Semipalatinsk Test 
Site 

13:30-14:30 
Assiya Kunduzbayeva 
Institute of Radiation Safety and Ecology, of National 
Nuclear Center of Kazakhstan, Kurchatov 

Research into the vertical distribution of 137Cs, 241Am speciation in soils of test places 
of radiological warfare agents. 

13:30-14:30 Sixuan Li 
Department of Physics, Peking University, Beijing 

Level and distribution of plutonium in surface soils cross China: a review 

 
13:30-14:30 

Zhao Huang 
Xi’an AMS Center, Institute of Earth Environment, 
Chinese Academy of Sciences, Xi’an 

Sources and transmission of uranium isotopes in surface soil in Northeast China 

 
13:30-14:30 

Pavel Krivitskiy 
Branch ‘Institute of Radiation Safety and Ecology’ RSE 

NNC RK, Kurchatov 
Current radiological situation at venues of nuclear tests of ‘Sary-Uzen’ site 

13:30-14:30 
Qiaoyan Jing 
School of Physical Science and Technology, Guangxi 
University, Nanning 

Responses of moss to air radioactive pollution in karst landform of Leye, GuangXi 

13:30-14:30 
Shenzhen Wang 
School of Physical Science and Technology, Guangxi 
University, Nanning 

Source and migration of plutonium isotopes in the West Lao-Ye-Ling Mountain, 
Northeast China 

13:30-14:30 
Krzysztof Gorzkiewicz 
Institute of Nuclear Physics Polish Academy of 
Sciences, Krakow 

Gamma-ray emitting isotopes in ground level air at Marambio and Aboa, Antarctica 

13:30-14:30 Ivana Vukašinović 
Univ. of Belgrade Faculty of Agriculture, Belgrade 

Analysis of 238U, 226Ra and 210Pb transfer factors form soil to the leaves of broadleaf 
tree species 

13:30-14:30 Chrysoula Betsou 
Aristotle University of Thessaloniki, Thessaloniki 

In-situ and laboratory gamma spectrometry measurements for the radiological 
characterization of a contaminated area near a coal power plant in Northern Greece 

  

https://www.dropbox.com/s/kyf5wtbyjxxa1x7/001_Oliver%20Ramon.pdf?dl=0
https://www.dropbox.com/s/ysm78dy5h45w79e/002_Orion.pdf?dl=0
https://www.dropbox.com/s/c9tztbrkrjstegi/017_Prasoon%20Raj.pdf?dl=0
https://www.dropbox.com/s/c9tztbrkrjstegi/017_Prasoon%20Raj.pdf?dl=0
https://www.dropbox.com/s/rrl2aepxpid8zyb/004_Panitskiy.pdf?dl=0
https://www.dropbox.com/s/rrl2aepxpid8zyb/004_Panitskiy.pdf?dl=0
https://www.dropbox.com/s/ptvyogg1s500dvb/005_Kunduzbayeva%20Assiya.pdf?dl=0
https://www.dropbox.com/s/ptvyogg1s500dvb/005_Kunduzbayeva%20Assiya.pdf?dl=0
https://www.dropbox.com/s/sooyg54c8f28hbg/006_Sixuan%20Li.pdf?dl=0
https://www.dropbox.com/s/k7v9tyoprypta6g/008_Huang.pdf?dl=0
https://www.dropbox.com/s/mw9xsgtln80fz4n/009_Krivitskiy%20Pavel.pdf?dl=0
https://www.dropbox.com/s/1w6pz4mytic3mhj/011_Jing.pdf?dl=0
https://www.dropbox.com/s/h904us6wkfiutgq/012_Shenzhen%20Wang.pdf?dl=0
https://www.dropbox.com/s/h904us6wkfiutgq/012_Shenzhen%20Wang.pdf?dl=0
https://www.dropbox.com/s/b3q8p48bzw6xwyg/013_Krzystof%20Gorzkiewicz.pdf?dl=0
https://www.dropbox.com/s/mjf902ofg5c34mf/014_Ivana%20Vukasinovic.pdf?dl=0
https://www.dropbox.com/s/mjf902ofg5c34mf/014_Ivana%20Vukasinovic.pdf?dl=0
https://www.dropbox.com/s/m23cdg8de98t9dq/015_Chrysoula%20Betsou.pdf?dl=0
https://www.dropbox.com/s/m23cdg8de98t9dq/015_Chrysoula%20Betsou.pdf?dl=0
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Wednesday 8/12/2021 
Progress in environmental radioactivity studies 

Chair: Ch. Betsou, A. Ioannidou 

13:30-14:30 
Grzegorz Olszewski 
Univ. of Gdańsk, Faculty of Chemistry, Lab.of 
Toxicology and Radiation Protection, Gdańsk 

Development of 148Gd analysis using stable Gd 

13:30-14:30 Katerina Pachnerova-Brabcova 
Nuclear Physics Institute of the CAS, Prague 

Radiocarbon dating of charcoals in the mortars of three Czech castles 

13:30-14:30 Vojtěch Valášek 
Nuclear Physics Institute of the CAS, Prague 

Radionuclides in ivory chronology research 

13:30-14:30 
Tobias Blenke 
Institute of Radioecology and Radiation 
Protection, Leibniz University, Hannover 

Determination of 135Cs/137Cs Isotopic Ratios in Radioactively Contaminated Environmental 
Samples 

13:30-14:30 
Antoaneta Angelova 
National Centre of Radiobiology and Radiation 
Protection, Sofia 

Investigations on indoor radon in kindergartens (Montana district, Bulgaria) 

13:30-14:30 
Desislava Djunakova 
National Centre of Radiobiology and Radiation 
Protection, Sofia 

Indoor radon concentration of school buildings in Varna district, Bulgaria 

13:30-14:30 
Gabriele Wallner 
Inst. Of Inorganic Chemistry, University of 
Vienna, Vienna 

Retrospective determination of fallout radionuclides and 236U/238U and 240Pu/239Pu atom 
ratios on air filters from Vienna and Salzburg, Austria 

13:30-14:30 
Peng Cheng 
Institute of Earth Environment, Chinese Academy 
of Science 

Spatial and temporal variation of 14C recorded in the Chinese tree 

13:30-14:30 
Deyu Wang 
School of Physical Science and Technology, 
Guangxi University, Nanning, 

Vertical distribution and migration behavior of Pu in Loess Plateau in northwestern China 

13:30-14:30 
Jinmin Cai 
Shenzhen Prevention and Treatment Center for 
Occupational Diseases, Shenzhen 

Monitoring of atmospheric deposition of naturally occurred ra-dionuclides around 
Shenzhen, China 

13:30-14:30 
Wang Yanyun 
School of nuclear science and technology, 
Lanzhou University 

Sources and the distribution of 129I in the surface soil in the Northeast China 

13:30-14:30 
Qiaohui Fan 
Northwest Institute of Eco-Environment and 
Resources, Chinese Academy of Sciences, 
Lanzhou 

Interaction mechanism of radiocesium on Beishan granite: EXAFS and Modeling Studies 

13:30-14:30 
Huisu Lee 
Korea Institute of Ocean Science and Technology 
(KIOST), Busan 

Accumulations of artificial radionuclides 137Cs and 239,240Pu in anchovy from the Korean 
seas 

  

https://www.dropbox.com/s/3as1n935k9tbq3m/001_Olszewski.pdf?dl=0
https://www.dropbox.com/s/t0eb3warihp5iau/002_Pachnerova-Brabcova.pdf?dl=0
https://www.dropbox.com/s/ryhdlo53bz2aoxd/003_Vojtech_Valasek.pdf?dl=0
https://www.dropbox.com/s/6l2nqxziwffx1w1/004_Blenke.pdf?dl=0
https://www.dropbox.com/s/6l2nqxziwffx1w1/004_Blenke.pdf?dl=0
https://www.dropbox.com/s/f597ip54ixayybw/005_Angelova.pdf?dl=0
https://www.dropbox.com/s/9aknvm032djdrdp/006_Djunakova.pdf?dl=0
https://www.dropbox.com/s/yqrrlbnr8rdijia/007_Wallner.pdf?dl=0
https://www.dropbox.com/s/yqrrlbnr8rdijia/007_Wallner.pdf?dl=0
https://www.dropbox.com/s/b1cqxay31f4ls2d/008_Peng%20Cheng.pdf?dl=0
https://www.dropbox.com/s/q0xne0q2ammng34/009_Deyu%20Wang.pdf?dl=0
https://www.dropbox.com/s/7bfvwiwyalakwz2/010_Jinmin%20Cai.pdf?dl=0
https://www.dropbox.com/s/7bfvwiwyalakwz2/010_Jinmin%20Cai.pdf?dl=0
https://www.dropbox.com/s/4f5o3j38ay9utru/011_Wang%20Yanyun.pdf?dl=0
https://www.dropbox.com/s/7qb32dk842vud1d/012_Qiaohui%20Fan.pdf?dl=0
https://www.dropbox.com/s/tzp93rzj5fbpz6z/013_Huisu%20Lee.pdf?dl=0
https://www.dropbox.com/s/tzp93rzj5fbpz6z/013_Huisu%20Lee.pdf?dl=0
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Thursday 9/12/2021 
Recent developments in analytical technologies 

Chair: D. Patiris, F. Pappa 

13:30-14:30 Yihong Xu 
Anhui Normal University, Wuhu 

Rapid determination of plutonium isotopes in small samples using single anion exchange 
separation and ICP-MS/MS measurement in NH3-He mode for sediment dating 

13:30-14:30 
Maoyi Luo 
China Institute for Radiation Protection, 
Taiyuan  

Determination of Ultra-low Level of 239, 240Pu in Plant Samples  by Compact Accelerator Mass 
Spectrometry 

13:30-14:30 
Shan Xing 
China Institute for Radiation Protection, 
Taiyuan 

Reduction and carrier using TiCl3 for rapid determination of 99Tc in water samples by TDCR 
liquid scintillation counting 

13:30-14:30 
Mavrikis Dimitrios 
National Centre for Scientific Research 
“Demokritos”, Athens 

Measurement technique for release of spent Co-57 and Ge-68/ Ga-68 sealed radioactive sources 

13:30-14:30 
Yang Wu 
China Institute for Radiation Protection, 
Taiyuan 

Direct search of primordial Pu-244 in bastnaesite 

13:30-14:30 
Ji-Young, Park 
Korea Atomic Energy Research Institute, 
Daejeon 

Rapid and automative separation of Pu, Am, U, Th isotopes in sediment 

13:30-14:30 
Jialin Liu 
Institute of Earth Environment, China 
Academy of Sciences, Shaanxi 

Study on speciation analysis of iodine isotopes (127I and 129I) in soil 

13:30-14:30 Tamás Varga 
Institute for Nuclear Research, Debrecen 

Radiocarbon dating of wines in Debrecen, Hungary 

13:30-14:30 
Galina Lujanienė 
Department of Environmental Research, 
SRI Center for Physical Sciences, Vilnius 
and Technology, Vilnius 

Study of Cs, Co and Eu sorption on chitosan-based nanocomposites 

13:30-14:30 Ivan Y. Myasnikov 
Vernadsky Institute, Moscow 

Tetravalent uranium determination technique in the environment components by luminescence: 
design and perspectives 

13:30-14:30 
Almira Aidarkhanova 
Branch ‘Institute of Radiation Safety and 

Ecology’ of the NNC RK, Kurchatov 

Assessment of the impact of Semipalatinsk test site on the radioecological state of the 
transboundary Irtysh river 

13:30-14:30 N. Kuzmenkova 
Lomonosov Moscow State University 

Plutonium in soils and bottom sediments of Mount Khuko (Western Caucasus) 

13:30-14:30 
N. Alegría 
Department of Energy Engineering, 
University of the Basque Country, Bilbao 

Regional and local surface winds influencing alpha peak activity concentrations in Bilbao 
(northern Iberian Peninsula) 

 

  

https://www.dropbox.com/s/n13u5xbvw8m61sj/001_Yihong-Xu.pdf?dl=0
https://www.dropbox.com/s/n13u5xbvw8m61sj/001_Yihong-Xu.pdf?dl=0
https://www.dropbox.com/s/v4zfyh7k11atzw8/002_M.%20Y.%20Luo.pdf?dl=0
https://www.dropbox.com/s/v4zfyh7k11atzw8/002_M.%20Y.%20Luo.pdf?dl=0
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In March 2011, sever accident at the Fukushima Dai-ichi 
Nuclear Power Plant (FDNPP) occurred after the 
gigantic earthquake and resulting huge tsunami. Three 
reactors within 6 rectors occurred meltdown of nuclear 
fuel and resulting explosions. The FDNPP accident was 
rated to the level 7, the highest on the IAEA 
international nuclear accident scale, being the same scale 
as the Chernobyl accident. 

The Japanese NPPs have been required to 
construct monitoring systems of radioactivity in the 
environment, conducting  on-site, local and regional 
scales. After the FDNPP accident, significant part of the 
on-site and local monitoring systems was damaged by 
the earthquake, tsunami and following destruction of 
electric facilities. After the major radioactivity emissions 
from FDNPP, Japanese Government and many Japanese 
researchers related to environmental sciences had started 
environmental radioactivity measurements as emergency 
monitoring, as did worldwide monitoring such as 
CTBTO sites. Radioactivity released from the FDNPP, 
whose major radionuclides with radiological concern 
were radioiodine and radiocesium, highly contaminated 
Fukushima Prefecture, and spread over the Northern 
Hemisphere. A typical feature of the FDNPP 
contamination was that significant amounts of the total 
released radiocesium, comprising atmospheric 
deposition and direct release of contaminated radioactive 
wastewater, were injected into the North Pacific.  
 Investigations of FDNPP-derived radionuclides in 
the environment have been conducted by various 
methodologies based on traditional environmental 
radioactivity studies, including sophisticated model 
simulations. A major question is amounts of the FDNPP-
derived radionuclides released in the environment, which 
is important for initial conditions of the modeling. The 
total emission of radionuclides in atmosphere, as did 
direct release to ocean, had been estimated by several 
methods, such as inversion methodology with 
monitoring results and model, integration of deposition 
mapping and others. The most reliable estimates of 137Cs 
released to the atmosphere and direct releases to the sea 
are 15 – 20 and 3.5 PBq, respectively. 
 The major release of FDNPP-derived 
radionuclides sporadically continued from 12 March to 
21 March; one-hour resolution 137Cs measurements using 
air pollution monitoring samples in post-accident era 
were conducted. Spatiotemporal 137Cs activity 

concentrations in air samples revealed that extremely 
high 137Cs plumes occurred after reactor explosions.  
These data served to evaluate and validate high-
resolution atmospheric dispersion models, although there 
was a problem that data of sites on ocean was scant.  A 
typical feature of atmospheric release is that 137Cs-
enriched micro particles (CsMPs) were found in the 
FDNPP-derived radioactive plumes, as did submicron 
137Cs-bearing particles.  
 Ocean is the most important field affected by the 
FDNPP-derived radionuclides due to the atmospheric 
fallout and the direct injection. Marine radioactivity 
monitoring has been conducted at scale from local, 
coastal area near FDNPP, and regional to the North 
Pacific, including marginal seas. The spatiotemporal 
radioactivity data in seawater, sediment and biota have 
been allowed to assess the radiological effects to marine 
environment. The radiocesium data in seawater were 
used for validation of water motion from regional to 
basin scales, including coastal flows, eddy activities, 
subduction, and basin-scale currents. The spatiotemporal 
data of 137Cs in sediment and biota have accelerated 
model studies of transfer of 137Cs between seawater and 
sediment/biota in marine environment, including 
resuspension and migration of sediment particles. 
 In the terrestrial environment, severe 137Cs 
contaminated area, most of which was occupied by 
forests, appeared near FDNPP. Although forests were 
contaminated by the Chernobyl accident as well, the land 
topography and meteorological conditions of Fukushima 
area differ from those of the Chernobyl. The FDNPP-
derived radiocesium primarily deposited on forests; 
vegetables, leaves and trees were polluted by 
radiociesium as well. Radiocesium moved to litter layer 
and soil from forests. Minerals onto soil particle surface 
can strongly adsorb radiocesium, however, radiocesium 
can move slowly from soil surface to deep layer, and 
river system, and partly can be re-cycled to biota.     
 Comprehensive review book on impact of the 
FDNPP accident and ten years research history was 
published in this year (Povinec et al., 2021).  
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Abstract We present what has been found in these 10 
years after Fukushima Nuclear Accident, comprising 3 
books published from Springer, 20131), 20162) and 
20193), as well as with the recent additional data. Here 
we focused to present the 137Cs movement in soil, 
including mountains and rivers, as well as in trees. 
 

Over ten years have passed since the Fukushima 
Nuclear Power Plant accident occurred. Since more than 
80% of the contaminated region was related to 
agriculture, the Graduate School of Agricultural and Life 
Sciences, the University of Tokyo created an 
independent team immediately after the accident 
consisting of about 40–50 academic faculty who are 
specialists in soil, crops, wild and domestic animals, 
fisheries, forestry, etc. Since the study of the fallout 
behavior is so closely related to the agricultural 
environment itself, a multidisciplinary approach was 
needed. Therefore, faculty members entered the 
contaminated areas together and performed collaborative 
research to understand what was happening to the 
radioactive materials in the agricultural environment. 
Although we have been continuing our research over the 
past 10 years, data on any one topic is still relatively not 
enough. Here we present what has been found in these 
10 years focusing on the 137Cs movement in an 
environment, especially on soil and trees here.    
  

After the accident, the soil contamination was found at 
the surface of anything exposed to the air. Therefore, 
initially, 137Cs was measured only at the surface of the 
soil. The vertical 137Cs movement in soil was monitored 
by a scintillation survey meter with a lead collimator to 
measure only the horizontal radiation coming through 
the window. The movement of 137Cs was decreased 
gradually with time and after about a year, the velocity 
was about 1-2 mm/year, which was about the same rate 
compared to that of the Global Fallout during 1960’s.  

The site where 137Cs was firmly adsorbed was 
identified as weathered biotite, very fine clay. The 
distribution of 137Cs in the clay was found to be very 
uniform under an electric microscope.    
  Macroscopically, 137Cs adsorbed on the clay was 
moved with the rain water at soil surface, especially like 
ridges, which resulted in higher and lower radioactivity 
at the lower and higher position at the surface, 
respectively. The 137Cs was moved with the river water 
with fast movement, where the clay at the bottom or wall 
of the river was shaved. In the case of the river running 
in the mountains, the 137Cs concentration in water was 
rapidly increased with the increase of rain fall in the 

mountain because the clay was transferred by water. 
However, the concentration of the 137Cs was diluted 
successively with the huge amount of water already 
accumulated in the mountain, which was coming out by 
the rain fall and soon the radioactivity of 137Cs in river 
water was not able to detect.   
  In the case of the pond, especially water reservoir for 
agriculture, 137Cs was accumulated at the soil surface at 
the bottom of the pond. The radioactivity was gradually 
decreased with time, however, the pond where water 
was coming in from the cities located at the upper part 
of the pond, 137Cs radioactivity was relatively high, 
since the water used for decontamination at the cities 
was coming into the pong through river water and 
elevated the radiation level of the soil in the pond.  
  Since 70% of the area in Fukushima prefecture is 
mountains, now mountains are gathering the attention, 
where decontamination was difficult to perform. Most 
of the fallout was caught by leaves of the trees expanded 
in the mountain but now these contaminated leaves fell 
down to the ground where they are gradually 
decomposed and 137Cs was moved from leaves to the 
soil and fixed firmly. 137Cs was found to move into the 
inside of the trunk from the bark, not from roots. The 
distribution of 137Cs inside the trunk was different 
between sider trees, which is a popular tree for industry 
in Japan, and pine trees. These trees are dominant trees 
grown in the mountain in Fukushima.   
  In the case of the fruit trees, 137Cs was also moved into 
the inside of the trees from the bark. To know how 137Cs 
incorporated into the trees move next year, the 
contaminated peach tree was grown in the non-
contaminated soil. Less than 1% of the 137Cs was found 
to move into the fruit produced next year. The 137Cs 
concentration in the developing peach fruit was 
decreased every year by 1/3 and now, 137Cs radioactivity 
was not able to detect in the fruit developed in 
Fukushima.    
    

1) Nakanishi, T.M. and Tanoi, K, eds: Agricultural 
Implications of the Fukushima Nuclear Accident, 
Springer (2013) 
https://link.springer.com/book/10.1007/978-4-431-
54328-2  Down load:157,000 times 
 
2) ibid, The first three years (2016)  
https://link.springer.com/book/10.1007/978-4-431-
55828-6 Down load:112,000 times 
 
3) ibid, After 7 years (2019)  
https://link.springer.com/book/10.1007/978-981-13-
3218-0 Down load:61,000 times 
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Introduction 
   As for the impact of the radionuclides released from 
the Fukushima Dai-ichi Nuclear Power Plant (FNPP1) 
accident on the North Pacific Ocean, the early 
distribution was formed mainly by the atmospheric 
deposition on the north-eastward direction from FNPP1. 
Radionuclides release of liquid discharge which occurred 
directly into the ocean occurred as the second phase. A 
part of deposited/directly released radiocaesium was 
subducted to STMW and CMW and about half of them 
have remained in the ocean surface. 
Data and methods 
    HAMGlobal2021 (Aoyama, 2021a) which includes 
most of the published data of artificial radionuclides in 
seawater, is used to analyze the 10-year time scale of 
Lagrangian transport of FNPP1 derived radiocaesium in 
surface water. We also used the results of observations 
by the Japan Fisheries Research and Education Agency. 
Mass balance of FNPP1 released radiocaesium 
   As summarized in Aoyama et al. (2020), the consensus 
value of the total amount of 137Cs released to the 
atmosphere was 15–21 PBq, atmospheric deposition of 
137Cs on land was 3–6 PBq, atmospheric deposition of 
137Cs on the North Pacific was 12–15 PBq, and direct 
discharge of 137Cs to the ocean was 3–6 PBq, 
respectively. In the three domains of the ocean, the 
FNPP1 derived radiocaesium inventory has been 
estimated to be 4.2 ± 1.1 PBq in the STMW (Kaeriyama 
et al., 2016) and 7.9 ± 1.4 PBq in the surface layer and 
2.5 ± 0.9 PBq in the CMW (Inomata et al., 2018). In the 
sediment, the latest estimation is 0.19 PBq (Otosaka et 
al., an abstract of ENVIRA2021).  
The time scale of Lagrangian transport of 
radiocaesium in surface water during these ten years 
   Due to the rapid transport across the Pacific Ocean by 
the Kuroshio and the Kuroshio Extension, radiocaesium 
originating from the FNPP1 accident reached the middle 
of the Pacific Ocean a year later, and then arrived on the 
west coast of the American continent in 2014 (Smith et 
al., 2015). After arriving on the west coast of the 
American continent in 2014, FNPP1 derived 
radiocaesium bifurcated to north and south following the 
basic current system in the North Pacific. In the north 
branch, FNPP1 derived radiocaesium move further to the 
Bering Sea. FNPP1-derived radiocaesium was detected 
in the Bering Sea and the Chukchi Sea in 2017, 6 years 
after the accident. The FNPP1 derived radiocaesium may 
have reached the east coast of northeastern Honshu in 

Japan in around 2019. In the subtropical gyre, FNPP1 
derived radiocaesium was detected at the entrance of the 
East China Sea in 2019, and its origin might be in the 
subtropical mode water (STMW) in the ocean interior.  
Temporal and spatial change of FNPP1 derived 
radiocaesium in STMW 
In 2012, FNPP1 derived radiocaesium was found 
throughout the STMW distribution region, but the 
distribution within the STMW was non-uniform as high 
in the formation region rather than in the distribution 
region. In 2013, the distribution of radiocaesium in 
STMW became uniform. By the observation along 165 
deg. E section in 2012 and 2015, FNPP1 signals were 
observed in STMW and L-CMW in 2012, while it was 
observed only on STMW in 2015. In the waters 
southwest of STMW, the concentration of radiocaesium 
decreased over time. The 134Cs/137Cs activity ratio in the 
southwestern waters of STMW in 2017 is about the same 
as the Sea of Japan. 
A book and literature lists regarding FNPP1 accident 
   Drs. Otosaka, Tateda and Tsumune, and 4 authors of 
this abstract are preparing a book entitled 
“Radionuclides in the Marine Environment: Scientific 
view on the Fukushima Accident derived radionuclides 
by 7 oceanographers” to summarize the results of 
observations and integrate knowledge on the behavior of 
FNPP1 derived radionuclides in the marine environment. 
Key issues are 10 years long-range transport of 
radiocaesium in the surface layer, radiocaesium in the 
ocean interior as mode waters, transport of radiocasium 
from the North Pacific Ocean into the Sea of Japan, 
radiocaesiun in the coastal region of Fukushima, 
radiocaesium in the seafloor off Fukushima, 
radiocaesium behavior in a marine organism before and 
after the Fukushima accident and oceanic simulation for 
the FNPP1 accident. This book will be published from 
Univ. Tsukuba Press and we introduce some of the 
contents of this book in this ENVIRA2021 conference 
by the authors. Literatures lists of a total of 956 articles 
are also published for future use (Aoyama, 2021b,2021c) 
 
Aoyama et al., 2020. J. Environ. Radio., 217, 106206. 
Aoyama, 2021. DOI:10.34355/CRiED.U.Tsukuba.00085 
Aoyama, 2021b and 2021c. 
DOI:10.34355/CRiED.U.Tsukuba.00037 and 00038. 
Inomata et al., 2018. JRNC, 318:1587–1596. 
Kaeriyama et al., 2016. Sci Rep, 6, 22010 
Smith et al., 2015. PNAS, 112, 1310–1315. 
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Introduction 
The series of accidents at the Fukushima Daiichi Nuclear 
Power Plant (1F NPP) caused by the Great East Japan 
Earthquake on March 11, 2011, released radioactive 
materials into the ocean. Since the observed data of 137Cs 
in the ocean are sparse in space and time, a reproduction 
simulation of 137Cs was carried out to interpolate the 
observed data and investigate its behaviour. It is 
necessary to set up an appropriate sources for the 
simulation. In other words, the comparison of the 
simulation with the observation is useful for the 
verification of the sources. In this study, we simulated 
oceanic 137Cs off the coast of Fukushima using the 
horizontal resolutions of 1 km and 200 m in the Regional 
Ocean Model System (ROMS), taking the direct release, 
atmospheric deposition, river supply, and inflow from 
the domain boundary as sources. The sources to the 
ocean was verified with comparison between simulated 
137Cs activity and observations. 
Direct release 
The direct release rate (Bq/day) can be estimated as the 
product of the seawater exchange flow rate (m3/day) and 
the 137Cs activity (Bq/m3) at the release point. The 
seawater exchange flow rate (m3/day) at the release 
point was determined by ROMS simulation. The 137Cs 
activity at the release point was defined as the activity of 
one mesh (1km x 1km) in the model, and the averaged 
observed activities at the 5,6 and south discharge outlets, 
which are about 1km apart from each other near the 1F 
NPP. From the analysis of the 131I/137Cs activity ratio, it 
was estimated that the direct release occurred on March 
26, 2011(Tsumune et al., 2012). The direct release rate 
was estimated to be 2.2x1014 Bq/day from the occurrence 
until April 6, when the visible direct release was stopped. 
This result was consistent with both the seawater 
exchange flow rate calculated from the reduction rate of 
137Cs activity in the harbour and the direct release rate 
calculated from the 137Cs activity in the harbour (Kanda, 
2013), as well as the direct release rate calculated from 
the flow rate of contaminated water and the 137Cs activity 
in the contaminated water by visual inspection. 
Behaviour of 137Cs attributable to direct release 
The release of 137Cs from the 1F NPP site and 
surrounding areas has continued. Longer term 
simulations were performed with estimated direct release 
rates up to September 2020. From the ROMS simulation, 
it was found that the distribution of 137Cs activity in the 
ocean is affected by coastal currents, meso-scale eddies 
and the Kuroshio Current, and has a large spatio-
temporal variation. Therefore, the annual mean 137Cs 

activity distribution was calculated and compared with 
the annual mean observed ones, and good agreement was 
confirmed. The normalized annual mean 137Cs activity 
distribution in the regional ocean was similar for each 
year from 2013 to 2016. This result suggests that the 
annual averaged distributions are predictable when the 
release rate is known. By increasing the horizontal 
resolution from 1 km to 200 m, the underestimation of 
the simulated 137Cs activity at the Fukushima Dai-ni NPP, 
which is 10 km south of the 1F NPP, was eliminated, 
because the 200 m case reproduced the southward 
transport better. 
Other sources 
In 2013, the simulated 137Cs activity were in close 
agreement with the observation in almost all observed 
points. After 2014, the simulated 137Cs activity are 
getting smaller than the observation at stations far from 
the 1F NPP. This is because the influence of river supply 
and inflow from the domain boundary is relatively larger 
than the one of direct release. The underestimation at the 
stations close to the shore since 2014 is considered to be 
due to insufficient supply from the river in the model. 
The simulations considering river supply of only 
dissolved 137Cs did not resolve the underestimation at 
stations near the coast (Tsumune et al., 2020). River 
supply of particle 137Cs is greater than that of dissolved 
137Cs. Particulate 137Cs is affected by the complex 
processes of coagulation, precipitation, resuspension, 
and leaching when it is supplied from rivers to the ocean. 
Modelling these processes and setting the river supply 
rate of particle 137Cs is a future task. The 
underestimation at stations relatively far from the shore 
may be due to insufficient inflow from the domain 
model boundary. In the reproducibility of the North 
Pacific model, the problem of setting the distribution of 
the atmospheric deposition as well as the circulation 
field of the model remains to be solved (Tsubono et al., 
2016). The next task is to resolve the underestimation 
after 2014 by improving the sources. For this purpose, it 
is important to combine river, atmospheric and ocean 
models, and to approach the setting of boundary 
conditions from both upstream and downstream of the 
flux. 
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The radiocesium levels in coastal waters off Fukushima 
deceased greatly after the accident of the nuclear power 
accident 1FNPP, whereas depuration in marine fish was 
different, especially of rockfish. Matstumoto et al., 2015 
suggested that excretion of 137Cs was slower than 
expected;; Ishimaru et al., 2019 demonstrated that stable 
cesium content in the rockfish was comparatively higher 
than those of other species; high content of radiocesium 
in prey organism of rock fish. Howeverthe detailed 
clarification of the mechanism of its high level and slow 
depuration was not enough clarified. It was expected to 
confirm the excretion rate of radiocesium from the 
rockfish furthermore; determination of the transition 
state of radiocesium between rockfish and environment; 
examination of the contribution of radiocesium transfer 
along food chain focusing on bio-availability.  
In this study, 137Cs concentrations in demersal fish 
including rock fish collected from southern coastal 
waters of 1FNPP to identify the radiocesium transfer 
state of equilibrated or transition. Concerning the cesium 
bio-kinetics in the rockfish was examined the depuration 
rate of radiocesium by measuring the radioactivity of 
137Cs in living fish by Ge detector under experimental 
condition to identify the biological half-life. With respect 
to radiocesium food chain transfer, labile fraction of 
137Cs in prey organisms and stomach content were 
examined by collected samples from off Fukushima. 
Finally, the dynamic biological transfer model was 
applied to reconstruct the 137Cs level in rockfish using 
derived parameters, and the theoretically derived 
mechanism was verified by the observed time-series of 
137Cs concentrations in the rockfish.  
As a result, there was no significant difference among 
stable cesium content in muscle of three demersal fish 
including the rockfish. The biological half-lives 
suggested as 140-220 days by the modelling study 
(Ishimaru et al., 2019) was revised to be approximately 
210 days from the long-term experiment of -
spectroscopy of 137Cs in living rockfish measurement. 
The result demonstrated that the biological half-life of 
radiocdesium in the rockfish was evaluated as slower 
than 90 days for teleost species derived from the radio-

isotope experiment. The 137Cs levels seawater and of the 
stomach content and muscle of the rockfish  collected 
from southern area of the 1FNPP were 3-7 mBq l -1、1-2 
Bq kg-wet-1 、 2-7 Bq kg-wet-1. These results 
demonstrated that food chain transfer of 137Cs to the 
rockfish was still substantial to partly keep the 
radioactivity higher than the levels of pre-Fukushima, 
whereas it was not found why the radiocesium content in 
prey organisms higher than theoretical understanding 
suing seawater level.  
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On March 11, 2011, a magnitude 9.0 earthquake 
occurred in the western North Pacific about 130 km off 
the northeast coast of Japan followed by a tremendous 
tsunami which arrived at Fukushima Daiichi Nuclear 
Power Plant (FDNPP) about 45 min later. The tsunami 
severely damaged the nuclear reactor cooling system, 
leading to hydrogen explosions in the reactor buildings. 
As a result, massive radionuclides were released into the 
environment. As one of the most important actinides, Pu 
isotopes attracted great public attention after the FDNPP 
accident because they present a high risk for internal 
radiation exposure via ingestion of contaminated 
agricultural crops and seafood. It has been estimated that 
the total amount of 137Cs released from the FDNPP 
accident ranged from 15-35 PBq, while for the refractory 
actinides, in particular, Pu isotopes, tiny amount (2x10-

5% of the core inventory) was released into the 
environment (Zheng et al., 2012; 2013). 
 For Pu isotopes, it is difficult to estimate the 
contamination level caused by the FDNPP accident if 
only Pu activity measurement is conducted due to the 
fact that only tiny amount of core Pu was released.  As 
shown in Figure 1, a comparison of 239+240Pu activity in 
surface soils (0-5 cm) before and after the FDNPP 
accident indicated there was no increase of 239+240Pu 
activity after the accident. Experience obtained from 
studies on Pu contamination in the Chernobyl accident 
and other global and/or regional Pu contamination events 
indicated that accurate determination of Pu isotopic 
composition (in particular 240Pu/239Pu and 241Pu/239Pu 
atom ratios) is essential for reliable source identification. 
This study will focus on the distribution of Pu isotopes in 
the terrestrial environment and the marine environment 
following the Fukushima nuclear accident and 
identification of the contamination sources of Pu 
isotopes, and using a two end-member mixing model to 
estimate the contamination levels of Pu in the 
environment after the Fukushima accident. Based on the 
contamination levels of Pu isotopes, the potential 
radiation risk to humans was estimated. In addition, 
recent studies on the distribution of Pu isotopes in the 
radioactive Cs-bearing particles will be discussed to 
understand the release process of Pu in the Fukushima 
nuclear accident. 

   

 
Figure 1. Comparison of 239+240Pu activity (mBq/g) in 
surface soils before and after the Fukushima nuclear 

accident. 
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In the over 10 years since the Fukushima Dai-ichi 
Nuclear Power Plant (FDNPP) accident, the activities of 
FDNPP-derived radiocesium, 134Cs and 137Cs (hereafter, 
137Cs) in the offshore area (>30 km from the coast) have 
become almost the same as the pre-accident levels 
(Kusakabe and Takata, 2020) because the coastal areas 
face the North Pacific Ocean, so introduced 137Cs 
dispersed into the open ocean. However, dissolved 137Cs 
activities in the coastal waters along the coastline around 
the plant are still high levels in the land–sea boundary 
area several tens km to the north and south of the plant, 
being resulted from that intrusion of 137Cs deposited on 
land and subsequently transported by rivers contributed 
to its activities in the coastal waters of Fukushima 
Prefecture (Takata, 2021). 

This study aims to quantitatively evaluate the 
contribution of 137Cs from rivers to coastal waters off 
Fukushima Prefecture. In particularly, I explain the 
importance of estuarine mixing, a mechanism by which 
dissolved 137Cs is added through the desorption of 
radiocesium sorbed on the riverine particles and the 
dissolution of radiocesium from sediment particles. The 
presentation will be based on the following topics. 

1) Effect of coastal structure on the temporal 
change of 137Cs activities in the marine environment 
from a comparison between coastal waters in Europe 
(Figure 1), which was a semi-closed sea area and 
contaminated due to the Chernobyl accident, and the 
coastal waters of Fukushima Prefecture (Figure 2).  

2) Importance of dissolved 137Cs additional 
mechanism including desorption and dissolution of 
radiocesium from sediment particles that had been 
settled on the seafloor (Otosaka et al., 2020) sustaining 
high dissolved 137Cs activities in the coastal waters of 
Fukushima Prefecture (Figure 3).  

3) Comparison of annual riverine 137Cs influx 
including the 137Cs additional mechanism with direct 
influx of137Cs from the FDNPP in the coastal areas of 
Fukushima (Figure 4).  

 
Figure 1. 137Cs in coastal waters in European seas, such 

as North Sea, Baltic Sea. 

 
Figure 2. 137Cs in coastal waters of Fukushima Prefecture. 

 
Figure 3. Schematic image of 137Cs additional system in 

coastal waters of Fukushima Prefecture. 

 
Figure 4. Annual 137Cs influx from rivers and direct 

                 discharge of 137Cs from FDNPP. Fluxes are    
                 plotted using data cited from Takata (2021). 
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Introduction 
 After the accident of the Fukushima Daiichi 
Nuclear Power Plant (FNPP1), various accident-derived 
radionuclides were detected in the seabed sediments 
especially in the coastal area around Fukushima. Among 
them, caesium-137 (137Cs) has a relatively large amount 
of release and remains in the seafloor for a long period 
of time. Here, we give an overview of the research 
results obtained in the last 10 years, focusing on the 
distribution and dynamics of 137Cs in coastal sediments. 
 
Distribution of 137Cs concentration 
 By monitoring surveys by Japanese Government 
after the accident, it was found that 137Cs was distributed 

mainly in the range from 38.7°N to 35.5°N.  The 
137Cs activity concentration in the surface (0-3 cm) 
sediment layer ranged from 2 to 520 Bq/kg. The 137Cs 
concentration in sediments increased up to 3 orders of 
magnitude higher than that before the accident.   
 Another research found that almost all the 137Cs 
in sediment in the offshore area (bottom depth >300m) 
existed above the 3cm layer, which is the reference layer 
for monitoring survey. On the other hand, the 
contribution of 137Cs in the deeper sediment layers was 
about more than 70% at nearshore stations (water depth 
<50m). Considering the concentration of 137Cs in the 
deep sediment, Otosaka and Kato (2014) estimated the 

total amount of 137Cs in the sediment to be [0.1-0.3]×

1015 Bq and latest estimation by the authors is 0.19×

1015 Bq (Otosaka et al., in preparation). 
 
Factors regulating the 137Cs distribution 
 Although the 137Cs activity concentrations in 
sediment gradually decreased with time, the general 
distribution pattern of radiocaesium in seabed sediments 
has not changed significantly over the years since the 
accident.  This indicated that the initial distributional 
pattern of 137Cs in sediment had established in the early 
post-accident stage (~6 months).  It has been pointed 
out that the three major deposition processes of 137Cs to 
coastal areas are (1) transport of radiocaesium-bound 
particles from rivers, (2) biological uptake and sinking to 
the seafloor, and (3) adsorption of dissolved 
radiocaesium on the surface of suspended 
particles/sediments. Within the three processes, it was 
verified the process (3) was the main factor from the 
continuous observations and numerical models (e.g. 
Misumi et al., 2014). 

   Over 80% of sedimentary radiocaesium was 
strongly associated with the sediment particles (possibly 
a clay minerals) (Otosaka and Kobayashi, 2013). On the 
other hand, a fraction, which is considered relatively 
labile, also accounts for a certain percentage of the 
coastal sediment over the years following the FNPP1 
accident. This indicates that there is a continuous 
exchangeable fraction between seawater (or pore water) 
and sediment (Otosaka et al., 2020).  In addition, highly 
radioactive particles have also been found in the seabed 
sediment (Miura et al., 2021).  This would also be 
considered in discussing the heterogeneity of 137Cs. 
 
Temporal changes 
 Overall, 137Cs concentrations in seabed sediments 
show a decreasing trend at a faster rate than the decay of 
137Cs radioactivity. The decreasing rate at nearshore 
stations off Fukushima was about 30% per year between 
2011 and 2015. The fact that 137Cs in sediments in the 
coastal zone is decreasing at a substantially constant rate, 
regardless of the initial deposition amount, indicates that 
a common mechanism in the coastal zone controls the 
decrease in 137Cs in sediments.  Otosaka (2017) 
described the main processes that influence the temporal 
change of radiocaesium concentration in seabed 
sediments: (1) vertical mixing of sediments, (2) 
resuspension and horizontal export, and (3) desorption 
from sediments. Recently, it is also observed that the 
137Cs concentration in the sediment has been decreasing 
more slowly after 2016.  This indicates that the above-
mentioned process and its balance may change over time.  
As the 137Cs concentration in seabed sediment decreases, 
the effect of riverine 137Cs input increases on the 137Cs 
concentration in coastal sediments. It is necessary to pay 
attention to how these balances will change in the future. 
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Beginning in June 2011, a few months after the 
Fukushima Daiichi Nuclear Power Plant disaster, we 
began a surface ocean 129I monitoring program, with 
samples from Scripps Pier, La Jolla, California, USA, 
with the expectation that surface currents originating off 
the east coast of Japan would eventually carry 
radionuclides to the La Jolla site. High values of this 
nuclide were observed close to Japan by Hou et al. 
(2013) and Povinec et al. (2013). Our sampling program 
was ended in early 2020. After 9 years of ocean 
transport, a distinct signal which can be related to 
Fukushima cannot be positively identified, however we 
have recorded an interesting systematic seasonal 129I 
time series record that appears to be due surface 
circulation variations along the California coast, or 
perhaps other unexplained effects (Chang et al. 2019). 
Since then, we have also analyzed additional sample 
obtained during our sampling program, but not 
previously measured. Figure 1 shows an example of this 
variation over a shorter timespan from a site in Orange 
County, CA. However, 129/127 ratios are not correlated 
significantly with concentrations of 127I- (Figure 2), but 
may indicate a second component perhaps from IO3- 
with a different composition. To provide a more 
comprehensive picture of the 129I budget in coastal 
surface waters off the west coast of the U.S., we also 
included 129I data from the Columbia River, and offshore 
sites along the coast of Washington State. Iodine-129 
and other radionuclides are carried by the Columbia 
River into the Pacific Ocean from the vicinity of the 
decommissioned Hanford nuclear facility. We found 
highly elevated 129I/127I values in the Columbia River, 
downstream from the Hanford site, consistent with 
earlier work. This anthropogenic 129I becomes 
significantly diluted once it reaches the Pacific Ocean. 
Nonetheless, the signal persists in surface seawater off 
the west coast of the U.S. resulting in significantly 
higher 129I/127I levels than other surface sites in the 
Pacific Ocean and may be contributing to the observed 
variability. Further work to understand the cycling of 129I 
between different phases is needed to understand the 
observed effects. 
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Figure 1: 129I/127I ratio for the period 2015-2016 from Newport 
Beach. CA. 

 
Figure 2: Variation of I- at the same location in Newport Beach, 
CA over the same time period. 
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Introduction 
 After several years later of the Fukushima Daiichi 
Nuclear Power Plant (FNPP1) accident, enhancement of 
the 137Cs activity concentrations was observed in the 
eastern coastal station of the Sea of Japan and East China 
Sea (Aoyama et al., 2017). In this presentation, the 
inflow of FNPP1 derived 137Cs into the Sea of Japan 
from the western North Pacific Ocean via the East China 
Sea is described. Furthermore, we estimate the integrated 
137Cs inflow amount until 2020 into the Sea of Japan.  
 
Data and methods 
 Numerous studies were conducted to investigate 
the distribution of 137Cs in the seawater after 1964. To 
understand the spatial-temporal variations of 137Cs 
activity concentrations in the Sea of Japan, we used the 
available almost all data until 2020 in the Sea of Japan 
and the East China Sea, which locate the upstream 
region of the Sea of Japan. Most of the data was 
recorded into the database, HAMGlobal2021 (Aoyama, 
2021. DOI:10.34355/CRiED.U.Tsukuba.00085). In this 
database, the data published by research papers, the 
monitoring data reported by Japanese and Korean 
governments such as Marine Ecology Research Institute 
(MERI, Japan), Maritime Safety Agency (MSA, Japan), 
and Korean Institute of Nuclear Safety (KINS, Korea), 
were included. The monitoring data at Sasebo station 
(33.1°N, 129.7°E) in the East China Sea and Okinawa 
station (26.3°N, 127.9°N) were reported by Nuclear 
Regulation Authority, Japan. These data were measured 
four times (March, June or July, September, December) 
every year. We also used them. 
 
Increased 137Cs activity concentrations in the surface 
seawater in the Sea of Japan and the East China Sea 
             In 2010, the 137Cs activity concentrations in the 
surface seawater in the Sea of Japan was ranged from 
1.3-1.7 Bm-3. The apparent half residence time from 
1970 to 1990 was estimated to be 18.4 ± 0.5 years, 
whereas that during the period from 1990 to 2010 
decreased to 17.9 years. After the FNPP1 accident, the 
137Cs activity concentrations were significantly increased 
up to 3.8 ± 0.08 Bq m–3 in the Sea of Japan. The 137Cs 
activity concentrations in the surface seawater decreased 
in 2012/2013, then gradually increased. The maximum 
137Cs activity concentrations (5.1 ± 0.3 Bq m-3) were 

observed in 2015/2016. This activity concentrations 

level was almost the same as the concentrations in 1998. 
Following then the 137Cs activity concentrations 
gradually decreased or varied with the almost same level. 
         A similar tendency of 137Cs activity concentrations 
was observed in the East China Sea. In 2011, an increase 
of 137Cs activity concentrations, which was derived from 
the atmospheric deposition, was also observed in the 
East China Sea. In 2013/2014, 137Cs activity 
concentrations increased gradually and attained the 
maximum, which reached 2.7 ± 0.19 Bqm-3, in 
2015/2016. 
   At the 314-01 station which locates south of Jeju 
Island in the northern East China Sea, an increase of 
137Cs activity concentrations have occurred since 2013 
and attained the maximum value in 2014, following then 
decreased gradually. The most significant feature is that 
increase of 137Cs activity concentrations firstly stared at 
the 140 m depth, close to the sea bottom. There is no 
significant difference in 137Cs activity concentrations at 
the depth shallower than 50m. Although the 137Cs 
activity concentrations in the shallower depth (0, 50, 
100m) were decreased in time after 2014, the activity 
concentrations in 137Cs at 140 m depth were increased 
again. These also suggest that 137Cs entrained into the 
STMW in the North Pacific are transported in the 
subsurface layer into the East China Sea via Tsushima 
Warm Current. Transport of FNPP1 derived 
radiocaesium into the East China Sea and the Sea of 
Japan would continuously occur until 2020.  
  
Estimation of FNPP1 derived 137Cs inflow amount 
into the Sea of Japan from the western North Pacific 
Ocean until 2020 
             We estimate the integrated amount of FNPP1 
derived 137Cs transport into the Sea of Japan from the 
East China Sea. The transported amount of the FNPP1 
derived 137Cs from 2012 to 2020 was estimated to be 
0.40 ± 0.11 PBq. This corresponds to 9.4 ± 2.6 % of the 
FNPP1 derived 137Cs entrained into the Subtropical 
Mode Water, which was estimated to be 4.2 ± 1.1 PBq 
(Kaeriyama et al.,2016). Furthermore, approximately 
0.17 ± 0.048 PBq were returned to the western North 
Pacific Ocean through the Tsugaru Strait. 
 
Aoyama et al., 2017. Appl Radiat Isot, 126, 83-87.  
Kaeriyama et al., 2016. Sci Rep, 6, 22010.  
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Long-lived anthropogenic radionuclides, (e.g., 3H, 14C, 
137Cs, and 239,240Pu), and their distribution in the oceans 
have been studied since scientist had discovered their 
potential for better understanding of various 
oceanographic processes. In the early 1970s, the very 
first data were obtained when the Geochemical Ocean 
Section Study (GEOSECS) was conducted in the several 
phases. In the following years, more similar projects 
were carried out, such as World Ocean Circulation 
Experiment (WOCE), and Southern Hemisphere Ocean 
Tracer Studies (SHOTS). The gathered information was 
later used to evaluate the contribution of nuclear 
weapons testing, nuclear fuel reprocessing plants and 
nuclear accidents on the marine radionuclide inventories. 
The need for an additional update of their distribution 
could still be very actual due to unfortunate events, such 
as Fukushima Dai-ichi Nuclear Power Plant (FDNPP) 
accident. 
 One of the most frequently studied anthropogenic 
radionuclides is 137Cs, which has a fairly long half-life 
(30.05 y) and very good solubility in seawater. This 
makes him quite suitable for tracing studies, especially 
in the marine environment. In the case of low-level water 
samples, radiocesium is usually pre-concentrated with 
the use of an adequate extractant, such ammonium 
phosphomolybdate (AMP), potassium cobalt hexacyano-
ferrate or similar agents. However, recent developments 
in gamma spectrometry, including introduction high-
efficiency HPGe detectors and effective shielding, has 
enabled sample volume to be significantly reduced and 
sample processing to be possibly omitted (Povinec et al., 
2008). 
 Nuclear weapons tests carried out in the last 
century and nuclear industry introduced many almost 
purely anthropogenic radionuclides into the 
environment, including plutonium isotopes 239Pu (T1/2 = 
2.41 × 104 y) and 240Pu (T1/2 = 6.56 × 103 y). Alpha 
spectrometry is conventionally used for determination of 
the 239+240Pu activity, however, their separate concen-
trations and isotopic ratio (i.e., 240Pu/239Pu) can be 
determined only with the inorganic mass spectrometry 
techniques, such accelerator mass spectrometry (AMS), 
inductively coupled plasma mass spectrometry (ICPMS) 
and thermal ionization mass spectrometry (TIMS). 
 The scientific interest in radiocesium and 
plutonium present in the marine environment has 
significantly risen in the past years as consequence of the 

FDNPP accident and is expected to be ongoing due to 
many unresolved questions. Hence, continuous 
development of new and verification of old analytical 
methods should be on the top of the list of the 
community, working on the topic. The aim of this study 
was to process and analyze several seawater samples, 
collected in the different time frames (2011-2015) from 
the North Pacific Ocean offshore Fukushima, in order to 
determine their 137Cs activity concentration, 134Cs/137Cs 
activity ratio and 240Pu/239Pu atom ratio. For this purpose, 
we exploited a method based on the sequential 
scavenging of the investigated radionuclides (Levy et al., 
2011), and gamma spectrometry and AMS for their 
measurement (Sýkora et al., 2008; De Cesare et al., 
2013). Some samples from the set, smaller in volume, 
were not processed but rather directly measured for 
radiocesium content by gamma spectrometry. Because of 
the complexity of the applied procedures, several 
problems emerged during the analyses, which we tried to 
address with the use of additional methods (e.g., 
determination of 238U by ICPMS). Possible reasons for 
these issues and their solutions are discussed in the paper 
as well. 
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The South China Sea (SCS) is the largest and 
southernmost marginal sea in east Asia. Ocean 
circulation in the SCS is very complex and has profound 
impact on the marine environment and climate 
variability. Under the influence of the seasonally 
reversed Asian monsoon, the SCS upper circulation 
demonstrates obviously seasonal variability (Hu et al., 
2000). As a major component of the SCS circulation, the 
Western Boundary Current flows southward in winter, 
whereas flows northward in summer, and contributes to 
the redistribution of water properties, momentum, energy 
and nutrients in the SCS (Shu et al., 2016). The riverine 
input along the Vietnam coast plays an important role in 
the transport and dispersion of pollutants and nutrients 
from terrestrial regions in the catchment to the western 
South China Sea (wSCS) (Li and Bush, 2015). Therefore, 
it is of great significance to study the exchange of water 
masses between WBC and the riverine input in the 
wSCS. 
Anthropogenic 129I released from human nuclear 
activities has been dispersed all over the world and could 
be utilized as an oceanographic tracer due to its long 
residence time in the ocean (Hou et al., 2007). We 
present the first dataset of 129I, 127I in 36 water columns 
in the wSCS collected in Aug.-Sept. 2018. The measured 
129I concentrations of (0.93-1.61) ×10 7 atoms/L and 
129I/127I atomic ratios of (3.85-6.79) ×10 -11 in the surface 
seawater are more than one order of magnitude higher 
than the pre-nuclear level. 129I concentrations decreased 
with depth from (0.93-1.61) ×1 07atoms/L in the upper 
200 m, to (0.04-0.14) ×10 7atoms/L at 1500m (Figure 1). 
The anthropogenic 129I in the wSCS mainly originated 
from the global fallout of nuclear weapon tests and long-
distance transport of the releases of European nuclear 
fuel reprocessing plants through Westerlies and East 
Asia Winter Monsoon. Riverine input of the deposited 
129I on the catchment area of Mekong River is an 
important source besides the direct deposition on the sea. 
The runoff input of 129I from the catchment areas via the 
Mekong River is an important contribution of 129I in the 
studied seawater, especially in the upper layer water. 
Water marked by high 129I Mekong River water move to 
the east by the North Nansha Current in the surface layer 
(2-25 m), while the water with high 129I moves 
northward in the subsurface water (50-200 m). The depth 
distribution of 129I shows a clear upwelling and vertical 
mixing of water in the upper layer, which is quite 
different from the weak water movement in the deep 
water. The spatial distribution of 129I in the wSCS 

revealed the water circulation and interaction of different 
water masses in this area.  
 

 
Figure 1. The depth distribution of 129I concentrations in 

the seawater of the western South China Sea. 
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The Fukushima debris is expected to be collected and 
disposed of soon. It implies that the primary goal is to 
estimate radionuclide release from dusty particles that 
may form at the “debris-aqueous solution” interface. 

Furthermore, the predictive model is necessary to estimate 
the total radionuclide release into an aqueous solution at a 
specific time because of different mechanisms (for 
instance, dissolution and diffusion). Because actual 
Fukushima debris samples are still unavailable, 
developing models to explain debris behavior in aqueous 
solutions and predicting radionuclide release into the 
aqueous environment is particularly difficult. 
 The present study summarizes results of debris 
leaching tests at different physical-chemical conditions 
(T, pH, different types of aqueous solutions) with six 
compositions (variable concrete/corium ratios) of 
synthetic debris. Kinetic curves of changes in the 
dissolution rate of samples were plotted, and the total 
weight loss of the samples over time was calculated. 
 The thermodynamic-kinetic approach with 
PHREEQC software (Parkhurst and Appelo, 2013) and 
GEM-Selektor (Kulik et al., 2013) code was applied to 
numerically reproduce leaching tests and to develop a 
long-term model of debris aging. Such an approach is 
considered chemical reactions (dissolution, solid 
precipitation, re-crystallization) by using equilibrium 
solubility constants of solids and kinetic parameters of 
chemical reactions.  
 The modeling demonstrated that: 
 (1) zeolites and phyllosilicates are the main 
thermodynamically stable secondary phases forming 
during the contact of Fukushima debris with aqueous 
phase (Table 1); 
 
Table 1. Possible secondary phases forming because of 

aqueous solution-debris interaction 
PHREEQC 
calculations 

GEM-Selektor 
calculations 

Scolecite 
CaAl2Si10O10∙3H2O 

Margarite 
CaAl4Si2O10(OH)2 

Clinozoisite 
Ca2Al3Si3O12(OH) 

Zoisite 
Ca2Al3(SiO4)3OH 

Prehnite 
Ca2Al2Si3O10(OH)2 

Laumontite 
CaAl2Si4O12·4H2O 

Quartz SiO2 

 

(2) secondary phase formation on the debris surface 
does not occur under aging conditions with aqueous 
solution renewal. 
(3) to numerically reproduce the experimental kinetic 
curves, the parameters of kinetic equations for debris 
components dissolution were estimated. The model was 
extended over a longer period to estimate the amounts of 
secondary phases formed. Under static conditions (no 
aqueous solution renewal), the mass of the secondary 
phase will not exceed 27 mg per 1 cm2 of debris after 50 
years (T = 25 oC, pH = 7) (Figure 1). Under extreme 
conditions (T = 90 oC, pH = 9) the mass of the secondary 
phases can reach 335 mg. 
 

 
Figure 1. Prediction of secondary phase amounts, 

forming on 1 cm2 of synthesized debris (T = 25, oC, pH 
= 7). (1)-(6) correspond to Compositions No. 1-6. 
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Abstract: Uranium is harmful to human health and the 
natural environment, due to its radioactivity and metal 
toxicity. Microorganisms, especially the microalgae, is 
one of the most active organic matters in aquatic 
environment. Once entering into the water area, uranium 
behaviours have to be influenced by algae. Therefore, it 
is of great significance to investigate the interactions 
between uranium and algae. As a biosorbent, algae are 
frequently used to the biotreatment water contaminated 
by heavy metal or radionuclides. However, it is still 
unknown whether biomineralization of these metal or 
radionuclides can be occurred by algae in the process of 
bioremediation and what the mechanism of this 
mineralization is. In this work, a freshwater unicellular 
green algae, Ankistrodsemus sp. (AS) is used to treat the 
uranium-contaminated water for the first time. uranium 
biomineralization induced by algae was found in the 
process of bioremediation of uranium containing water. 
The effect of AS-induced uranium biomineralization is 
significantly affected by contact time and pH, uranium-
containing crystals (compreignacite, 
(K2[(UO2)6O4(OH)6]·8H 2O)) appear at 24 h and pH 5.0. 
Furthermore, the mineralization mechanism of uranium 

is explored by multiple characterizations. The 
characterization of AS display that the carboxyl, amino-
group and acylamino on the microalgae cells are 
essential for uranium biomineralization, its captured 
uranium may provide nucleation sites for the 
precipitation of insoluble minerals. Presumably, the 
biomineralization by AS is that the dissolved uranium 
forms amorphous uranium deposits through biosorption, 
biological uptake and intracellular accumulation, then 
the deposits gradually convert into compreignacite 
crystals with K+ metabolism increasing. Considering the 
highly-efficient uranium immobilization ability and 
innate uranium tolerance, AS is a promising plant for the 
treatment of uranium-contaminated wastewater. 
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Chernobyl accident caused fuel and its fission 

products released into the environment in various 
directions and forms. One of the most significant form 
are “hot” particles – small radioactive particles which 
have much higher activities than the background one The 
most significant spread directions were north and west. 
The western trace was formed at the moment of accident 
as a result of the explosion while the northern was 
formed during the long-term fire. Chernobyl fuel “hot” 
particles had different composition: uranium oxide and 
uranium-zirconium oxide. The morphology of the 
particle and migration behavior of the radionuclides in it 
directly depend on its composition (IAEA-Tecdoc-
1663). 

In our work “hot” particle search took place near 
the Masany village – 12 km to the north from the 
Chernobyl NPP. Two types of soil were previously 
analyzed: soddy podzolic and peat. Peat soil contained 
more 241Am according to gamma-spectrometry. Then it 
was chosen for “hot” particle further extraction. 
 Extraction of “hot” particles contained following 

steps: digital radiography with Imaging Plate, alpha-
track radiography with solid state nuclear detector 
MTrack GMScientific Ltd, SEM-EDX analysis and 
extraction by a mcromanipulator inserted into SEM (see 
fig. 1 for “hot” particle SEM image).  
 

 
Figure 1. Northern trace “hot” particle SEM image. 

 
In this work we present our first results of the 

characterization of this “hot” particle. 
The found particle turned out to be uranium-

zirconium particle: atomic U/Zr ratio was 10/1. The 
morphology of this particle was rather interesting. It 
contains facetted pores, which is usual for fuel assembly 
periphery after high burn-up of the fuel (Walker, 1999). 
The particle tends to be not morphologically destructed: 
it does not have layers or round pores on the surface. 
That means that the particle is rather stable in the 

environment after its release as a result of the accident 
35 years ago.  

After “hot” particle extraction on a needle with 
the micromanipulator uranium and plutonium isotope 
ratios were established by SIMS and SNMS techniques 
(for isotope ratio see table 1). The fuel burnup (Mironov 
et al, 2005) of the particle was 15.1 MWd/kg(U) ± 2.4 
MWd/kg(U). This value correlates with the data for the 
most common Chernobyl fuel burnup values 
(Harutyunyan et al, 2010). 
 

Table 1. TOF-SNMS data on Pu and U isotope ratio 
 

234UO 235UO 236UO 238UO 
0.04%±0.02% 0.7%±0.05% 0.23%±0.04% 99%±1% 
239Pu 240Pu 241Pu 242Pu 
63.5%±0.7% 32.5%±0.3% 2.1%±0.1% 1.6%±0.2% 
 
 Gamma spectrometry results of the particle after 
extraction proved its high burnup by the presence of 
large amount of 241Am – fuel activation product and 
137Cs – fuel fission product: 0.69 Bq/particle for 241Am 
and 16.8 Bq/particle for 137Cs. 

The presented result has shown that the particle of 
northern Chernobyl trace can be rather stable after more 
than 30 years in the environment. The reason for that lies 
in the presence of Zr in its composition and the 
crystallographic shape of the pores on the surface.  
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Monitoring of radionuclides content in natural 

samples is an important task for assessing environmental 
safety and consequences of nuclear weapons tests and 
nuclear power plants accidents. Most of reported 
methods for the determination of plutonium and uranium 
isotopes, 241Am and 99Tc focused on single 
element/radionuclide, methods for simultaneously 
separation of all these radionuclides from a single 
sample is not available. Since the low concentration of 
these radionuclides in natural water, huge size of the 
sample is required for the determination of all these 
radionuclides, which causes a high cost for sampling, 
transportation of samples and long analytical time. This 
work aims to develop a method for simultaneous 
separation of Pu, Am, U, and Tc from large volume of 
single natural water samples, enable to determine the 
isotopes of U and Pu, Am and Tc in fresh water and 
seawater samples in order to investigate their level and 
distribution in fresh and marine water for understanding 
of the impact of the so-called Soviet Union "nuclear 
legacy" and the Fukushima-Daiichi accident in 2011. 

A technique for simultaneously separation of 
Am, Pu, U, and Tc from the large volumes of fresh and 
sea natural water (1-200 L) has been developed with 
yields of 40-70%. All actinides coprecipitated with 
iron(III) hydroxide was then separated and purified using 
extraction chromatographic columns (TEVA, TRU) and 
technetium remaining the supernatant in the second 
precipitation of Fe(OH)3 was separated using TEVA 
column.   

Actinides co-precipitation with iron hydroxide 
for their further separation is a common preconcentration 
method from water samples (Quinto, 2015). The high 
sorption capacity of iron hydroxides contributes to the 
actinides precipitation with both Fe(OH)2 and Fe(OH)3. 
Actinides quantitatively co-precipitated with Fe(OH)2 
and Fe(OH)3 with recoveries of 97-99% (Maiti, 1995). 
This fact makes it possible to co-precipitation of Tc and 
actinides from large volume water samples. Based on the 
results obtained in the two experiments, the separation 
procedure for 99Tc was modified by adjusting the 
amounts of iron carrier and reductant. There are two 
main separation stages in the technetium determination - 
coprecipitation and chromatographic separation (Shi, 
2012). The main losses occur at the first stage; therefore, 
it is important to precipitate the maximum possible 
amount of radionuclide with a small amount of 
precipitate for the convenience further separation step. 
When working with chromatographic separation, the 
flow rate is very important to avoid the loss of 
technetium in this step. In the optimized procedure, a 

flow rate of 1-2 ml min-1 was used for loading, rinsing 
and elution steps.  When using ammonia instead of 6 M 
NaOH for the iron hydroxide precipitation, it is possible 
to get rid of the magnesium and calcium precipitation, 
which concentration is high in seawater.   

For the seawater samples, the chemical yields of 
38% for technetium, 62% for plutonium, and 43% for 
uranium were achieved; for the freshwater, similar 
chemical yields of 33%, 67%, and 41%, respectively 
were achieved. Technetium was purified and separated 
using TEVA resin from alkaline solutions according to a 
standard technique with a yield >95%. The developed 
procedure is effective. By precipitation of iron(II) 
hydroxide with ammonia, allows to get rid of calcium 
and magnesium hydroxide precipitation, by loading 
alkaline solution from the Fe(OH)3 precipitation directly 
to TEVA column, technetium can be separated without 
acidification of the solution, therefore less time used; by 
visible color change of Fe3+ and Fe2+, the complete 
reduction of technetium to Tc4+ and high precipitation 
recovery can be achieved.  

The developed method is being applied to 
analysis seawater and fresh water collected from the 
Japan Sea and Khanka lake for investigations of the 
level, distribution and sources of anthropogenic actinide 
and 99Tc in this region.  
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Over 10 years after the Fukushima accident, the affected 
environmental samples are mainly contaminated with a 
volatile beta-emitting (and indirectly gamma-emitting) 
fission product of 137Cs (T1/2=30.2 years) (Kazuya 2021). 
 The contamination by non-volatile (Sr, Ru 
isotopes etc.) and refractory elements (Pu, U isotopes 
etc.) is very low in comparison because the primary 
concrete containment system mounted at the Fukushima 
Daichi reactors and the reactor pressure vessels were not 
significantly damaged by the hydrogen explosions 
(Steinhauser et al. 2014). 
 The 90Sr (T1/2 = 28.8 y) is a pure beta-emitting 
fission product. The Sr element has no biological role in 
the human body, hbut it has the potential to accumulate 
in the bone structure because of its bio-chemical 
similarity to calcium, causing a long-term radiation dose. 
From the view point of public health and natural 
radiation protection, the precise and accurate 
determination of 90Sr in various environmental, 
biological and radioactive waste samples is essential 
(Hou and Roos 2008). 
 Beta particles emitted by radioactive decay have a 
continuous energy spectrum, unlike gamma rays. The 
efficient separation of interfering beta-emitting 
radionuclides is therefore very crucial before measuring 
90Sr with radiometric methods. 
 The 90Sr/137Cs activity ratio in samples 
contaminated by the Fukushima accident is around 
2 × 10−4, which corresponds to a Cs decontamination 
factor of 105 (Sahoo et al. 2016, Hirose 2017).  
 Reference materials have a critical importance in 
the quality control of measurements. However, as can be 
seen in Figure 1, reference materials with this 90Sr/137Cs 
activity ratio, wherein the presence of 137Cs significantly 
dominates 90Sr, are not available. The 90Sr/137Cs activity 
ratio in certified reference materials varies between 
3.6 × 10−3 and 1.8 × 101 (only the IAEA-152 milk sample 
is in the range of 10−3, but acquisition of this sample is 
not possible as it is out of stock). Consequently, 
applicable internal quality control is not possible and 
valid proficiency tests are also not available for 
laboratories where 90Sr determination is carried out in 
Fukushima samples using radiometric methods. One 
possible way to solve this problem, until the production 
of proper reference materials, is the cooperation of 
laboratories where mass spectrometry methods are 
applied for 90Sr analysis and selected Fukushima soil 
samples could be determined in laboratories for the 
performance estimation (inter-laboratory comparison). 

  
 

 
 

Figure 1. 90Sr/137Cs activity ratio in different reference 
materials and proficiency test samples. 
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Radioactive contamination of the Pacific Ocean 
following the Fukushima nuclear accident has raised 
public concerns about seafood safety, particularly in 
indigenous communities in Canada that rely on seafood 
for sustenance. To address public concerns, Health 
Canada in collaboration with partners collected and 
analysed several hundred samples of commonly 
consumed salmon and groundfish from the Canadian 
west coast from 2011 to 2018.  
 The first series of radioactivity measurements in 
fish samples (collected 2011-2012) was done in 
collaboration with the Canadian Food Inspection Agency 
(CFIA) at the onset of the emergency in Japan 
(Government of Canada, 2018). The next set of 
measurements of radioactivity in fish samples collected 
in 2013 was done in collaboration with Fisheries and 
Oceans Canada (Chen et al., 2015). The last series of 
measurements in fish samples harvested from 2014 to 
2018 were part of the Integrated Fukushima Ocean 
Radionuclide Monitoring (InFORM) project (funded by 
the Marine Environmental Observation, Prediction and 
Response Network) (Government of Canada, 2018, 
2019). The InFORM project was a collaborative 
radiation monitoring network aimed at assessing and 
communicating the potential environmental impact to 
Canada’s Pacific and Arctic Oceans stemming from the 

Fukushima-Daiichi nuclear accident 
(https://fukushimainform.ca/). Canadian Indigenous 
communities on the west coast collected and donated 
most of the InFORM fish samples. 
 All radioactivity concentration measurements on 
fish samples were performed at the Radiation Protection 
Bureau, Health Canada. The measurements over eight 
years showed that radioactivity concentrations in fish 
were dominated by natural radionuclides, and the level 
of anthropogenic radionuclides, including the one 
resulting from the Fukushima nuclear accident, were 
very small.  
 
 
 
 
 
 
 
 
 
 
 

          While the vast majority of the 137Cs and 134Cs 
levels were below our detection level (typically about 1 
Bq kg-1 for a 6 hr counting), some individual samples 
were shown to have trace levels of contamination from 
the Fukushima accident, demonstrated by the detection 
of 134Cs. Furthermore, the annual average levels of 137Cs 
in salmon samples from 2014 to 2018, obtained by 
spectral summation of all samples in a year, were 
constant and unaffected by the Fukushima accident. The 
observed levels of 137Cs have decreased in Pacific 
salmon by a factor of 4 since the middle of 1960s (the 
time period of nuclear weapon testing). 
          In conclusion, fish, such as salmon and 
groundfish, from the Canadian west coast are of no 
radiological health concern resulting from the 
Fukushima accident. 
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 Bottom sediments are an integral part of the 
aquatic environment and form specific ecological niches 
for many aquatic organisms. Sediments deposited on the 
bottom of water reservoirs store mineral and organic 
matter, temporarily or permanently excluded during their 
circulation in the aquatic ecosystem. Consequently, all 
pollutants fall into water reservoirs and dissolved in the 
water surface get to the bottom sediments, what is all 
water basins. Therefore, the condition of bottom 
sediments reflects the degree of pollution of the entire 
region. 
 The main source of 210Po in the marine 
environment is 210Pb falling from the atmosphere. Small 
amounts of 210Po and 210Pb are formed in situ as a result 
of radioactive decay of 226Ra, which occurs in seawater. 
The object of this study was to determine the activity 
concentrations of naturally occurring 210Po and 210Pb in 
the sediments of the southern Baltic Sea, as well as to 
investigate changes in the activity concentrations of 
210Po and 210Pb in the bottom sediments of the southern 
Baltic Sea with increasing depth.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The fieldwork and sampling collection in the presented 
project was performed during a cruise on the r/v Oceania 
that belongs to the Polish Academy of Sciences (IO 
PAN). Several sediment cores were collected from 
different localisations of the southern Baltic Sea, mainly 
from the Gdańsk Deep and the Gotland Deep. After the 
mineralisation, polonium (including 209Po and 210Po) was 
spontaneously deposited on silver discs, and 
measurement targets will be prepared. 210Pb activities 
were determined using the direct method of 210Po 
ingrowth.  
 The results showed that the concentrations of the 
studied isotopes vary depending on the place of sampling 
and depth of the core. The 210Po concentration in 
sediment samples from the Gdańsk Deep area ranged 

from 14.1 to 226 mBq/g dry wt., while the 210Pb 
concentration ranged from 11.0 to 323 mBq/g dry wt.. In 
bottom sediments from the Gotland Deep area, the 210Po 
concentration ranged from 10.4 to 115 mBq/g dry wt., 
while the 210Pb concentration ranged from 8.51 to 1003 
mBq/g dry wt.. 
 

This work was supported funded by BMN 539-T030 
B878-21. 
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 A dietary supplement is a food product that 
supplements the normal diet with vitamins, minerals or 
other substances that have a nutritional or other 
physiological effect, alone or in combination, and is 
marketed in a form that permits dosage. Due to 
widespread nutrient deficiencies, especially mineral 
deficiencies, in society, there is a growing interest in 
products that supplement the daily diet with the missing 
nutrients. 72% of Poles admit to taking such products, of 
which 48% use them regularly. 
 The source for the production of pharmaceuticals 
may be substances of natural origin, and the raw 
materials used in the production process, in addition to 
the desired ingredients, may also contain small amounts 
of other, undesirable chemical substances, such as heavy 
metals or radionuclides. Previous research has shown 
that naturally-derived calcium and magnesium 
supplements, produced primarily from sedimentary 
rocks, are rich in naturally occurring 210Po, 210Pb, and 
uranium 234U and 235U. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Popular supplements that are attributed the properties of 
"superfoods" and referred to as "vitamin bombs" are 
products of marine origin produced from plant raw 
materials. The aim of this study was to determine the 
content of natural and artificial radioactive gamma 
isotopes contained in dietary supplements produced from 
substances obtained from seas and oceans. In order to 
achieve the goal, a number of preparations available on 
the Polish market, such as chlorella, spirulina, kelp or 
diatomite, produced from raw materials collected in 
various regions of the world, were purchased for the 
study. 
 The study showed that gamma radionuclides were 
present in the analyzed supplements of marine origin, 
but their activity levels were low. Analyzing the site of 
collection of raw materials for the production of 
supplements, no regions of particular interest were 
observed with respect to the calculated effective doses 
resulting from the decay of the analyzed isotopes 
collected with the supplements. Regarding the gamma 
emitters determined in the supplements, there is no 
radiological risk associated with the intake of these 
isotopes with the ingested formulations. 
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Maowei Sea is a semi-closed bay along the Beibu Gulf
in China, which belongs to Qinzhou, a land-sea node city
in southward channel for “the Belt and Road” and an
important city in the Beibu Gulf urban agglomeration. In
this paper, the atmospheric depositional fluxes of 7Be
and 210Pb were observed over a period from June 2018 to
February 2021 at the coast of Maowei Sea. As shown in
Figure 1, the depositional fluxes of 7Be and 210Pb ranged
from 0.14 to 3.36 Bq m-2 d-1, and from 0.06 to 1.38 Bq
m-2 d-1, with an average of 1.19 Bq m-2 d-1 and 0.52 Bq
m-2 d-1 (n=28), respectively. The depositional fluxes of
7Be and 210Pb were strongly correlated, indicating a
similar removal behavior for these two isotopes from the
atmosphere. The depositional fluxes showed obvious
monthly variation with high values from June to October,
and low values from November to February. The
seasonal variation during each year showed the highest
value in summer, winter followed, and the lowest value
in Fall. The 210Pb and 7Be depositional fluxes showed a
weak linear correlation with the precipitation (r=0.28,
n=28 for 210Pb and r=0.38, n=28 for 7Be), which may
indicate that precipitation was an important but not the
only factor that influenced the atmospheric deposition
for both nuclides. The observations for the specific
single rainout events and their air mass backward
trajectory analysis showed the air masses movement
during the rainfall may be another important factor that
impacted the depositional fluxes for 7Be and 210Pb. This
study would provide a baseline data and will be helpful
in further investigations at the Maowei Sea coast.
.

Figure 1. The distribution pattern of monthly
precipitation, depositional fluxes and volume-weighted
activities for 210Pb (a) and 7Be (b) from June 2018 to

February 2021 at the coast of Maowei Sea.

This work was supported by the National Natural
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Natural Science Foundation of Guangxi (No.
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of Beibu Gulf University (No. 2018KYQD09).
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Despite being the busiest transient sea in the world 
due to the Suez Canal, radionuclide distribution studies in 
seawater and sediment of the Red Sea remain rare. 
Therefore, from this point of view, the Red Sea may be 
called the “mare incognita”. Tritium measurements in 
surface waters of the Red Sea were reported (Povinec et 
al., 2003), however, radiocarbon measurements have been 
very sparce, and mostly oriented towards corals (e.g., 
reconstruction of bomb-produced radiocarbon in surface 
waters from annual growth bands of corals) and 
phytoplankton and primary production studies (Cember, 
1989. The aim of this work is filling this gap by studying 
distribution of tritium and radiocarbon in surface waters 
of the Red Sea. 

A sampling expedition in the Red Sea was 
conducted by R/V ‘‘AEGAEO’’, from June 7 to July 1, 
2021, visiting a transect of 7 deep sampling stations 
located along the central axis of the basin from the Gulf 
of Aqaba to the south (close to Farasan Island, Saudi 
Arabia). Seawater samples were collected using the 
AEGAEO’s rosette sampling system, which consists of a 
CTD profiler with 12, 12-L Niskin bottles. Surface water 
was sampled at about 5 m depth.  

Pre-screening of tritium levels in seawater samples 
(to avoid possible contamination) was carried out by 
direct counting (after triple distillation) in water-liquid 
scintillator cocktails using Packard liquid scintillation 
spectrometer. Tritium was then precisely analysed in 
seawater samples using the 3He in-growth mass 
spectrometry method. Before the tritium analysis, the 
samples were stored for several months so that 3He atoms 
are produced by tritium decay. The helium fraction is then 
processed by a dual collector noble gas mass 
spectrometer, where the abundance of the tritiogenic 3He 
is measured, and tritium activity is calculated. It is 
common in oceanography to report tritium (3H) levels in 
Tritium Units (TU). One TU represents an isotope ratio of 
one 3H atom to 1018 protium (1H) atoms, which is 
equivalent to 0.118 Bq/L of water.  

For radiocarbon analysis, dissolved CO2 is 
extracted from 20 mL seawater samples, and after 
cleaning, it is used for preparation of graphite targets, 
which is in turn used in the ion source of the accelerator 
mass spectrometer. The 14C concentration is given as Δ14C 
(in ‰), relative to the NIST 14C oxalic acid standard. 

 
The observed tritium levels in surface waters of the 

Red Sea (below 1 TU) were similar to the values observed 
in the western Arabian Sea. On the other hand, the levels 
in the south-east Mediterranean are two times higher, in 
agreement with global fallout data (Povinec et al., 2003).  

Observations made in the Red Sea suggest that the 
tritium and radiocarbon levels are similar to the latitudinal 
trends previously reported for the Red Sea, Gulf of Aden 
and the Arabian Sea (Povinec et al., 2003; Mulsow et al., 
2003; Bhushan, R. et al., 2003; Broecker et al., 1985, 
1986). 

The visited areas reflect the influence of currents 
that are relevant to the observed distributions of 
radionuclides. 
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The work presents data on the redistribution of 
radionuclide contamination in the components of the 
ecosystem of natural lakes at the Semipalatinsk test site 
(STS) and the adjacent territories. The objects of the 
research were natural lakes located on the territory of test 
sites, in the zone of their influence and on conditionally 
“background” territories. Within the framework of these 

research, a sampling of water, bottom sediments and 
plants was carried out, in which the content of 
radionuclides 241Am, 137Cs, 90Sr and 239+240Pu was 
determined.  
The content of man-made radionuclides in the water of 
most natural lakes is below the detection limit for 137Cs, 
90Sr and 239+240Pu. The concentration of man-made 
radionuclides in sediments of most natural lakes on 
average reaches 200 Bq/kg - 137Cs, 20 Bq/kg - 241Am, 90Sr 
and 239+240Pu. Several lakes are an exception: lake on the 
trace of nuclear tests carried out in 1951, Lake Zhangyldy, 
located on the territory of the “Sary-Uzen” test site, 

External reservoir of the “Atomic Lake”, and Lake 

Kishkensor, located in the zone of influence of the 
“Balapan” test site . 
In the water of the lake, on the trace of 1951, the 
numerical value of the 137Cs is recorded at the level of 
0.07±0.01 Bq/kg and 90Sr - 2.6±0.3 Bq/kg, as well as 
increased values of the content of man-made 
radionuclides are recorded in the sediments (137Cs - 87±17 

Bq/kg, 241Am - 38±8 Bq/kg, 90Sr - 118±18 Bq/kg, and 
239+240Pu - 290±40 Bq/kg). 
A similar situation is observed for Lake Zhangyldy: in 
water, the 90Sr content was 1.9±0.3 Bq/kg, in sediments: 
137Cs - 260±50 Bq/kg, 241Am - 17±3 Bq/kg, 90Sr - 170±26 

Bq/kg and 239+240Pu - 280±30 Bq/kg.  
The maximum values of the content of man-made 
radionuclides are recorded in the sediments of the 
External reservoir in the immediate vicinity of the 
“Atomic” lake - the content of radionuclides is 137Cs - 
(5±0.5)103 Bq/kg, 241Am - (2.5±0.25)102 Bq/kg, 90Sr - 
(2.8±0.28)102 Bq/kg and 239+240Pu - (1.2±0.1)103 
Bq/kg. Nevertheless, the numerical values of 
radionuclides in water have not been recorded. 
In Lake Kishkensor, only increased values of 90Sr were 
recorded: in water - 16±1.5 Bq/kg, in sediments - 620±90 
Bq/kg. 
The content of 241Am in plants of natural lakes is below 
the detection limit. For other radionuclides in all plants, 
the 137Cs content on average reaches 17±1 Bq/kg, 90Sr - 
60±10 Bq/kg, 239+240Pu - 2±0.5 Bq/kg. 
Based on the obtained quantitative data, distribution 
coefficients (KD) for sediments and water, and 

concentration ratio (FV) for plants and sediments, were 
calculated (IAEA, 2010). 
Table 1. Distribution coefficients for natural lakes at the 

STS territory 

Lake type by 
location 

КD 
90Sr 239+240Pu 

On the territory 
of test sites 

1,0·103 (n=20) 
4 – 7,7103 

8,5·105 (n=16) 
1,6·103 – 8,9·106 

In the zone of 
influence of test 

sites 

28,6 (n=12) 
8,7 – 59,2 

2,5·104 (n=11) 
2,5·102 – 2,2·105 

In the 
"background" 

territories 

1,7·102 (n=11) 
5,7 – 1,3·103 

4,1·104 (n=10) 
37,9 – 1,6·105 

in the numerator - the average value, in the denominator 
- the range of values, in brackets - the number 

For 241Am and 137Cs, the KD was not calculated, since the 
numerical values of their content in the water of the lakes 
were not fixed. 
Table 2. Concentration ratio for plants and sediments of 

natural lakes at the STS territory 

FV 
137Cs 90Sr 239+240Pu 

0,15 (n=15) 
0,0002 – 1,1 

2,1 (n=13) 
0,068 – 21,3 

0,033 (n=8) 
0,00019 – 0,16 

in the numerator - the average value, in the denominator 
- the range of values, in brackets - the number 

The accumulative capacity of plants in the ecosystem of 
natural lakes in relation to man-made radionuclides 
decreases in the series 90Sr> 137Cs> 239+240Pu. The fact that, 
in a number of cases, FV > 1 was obtained for 90Sr and 
137Cs, suggests that plants, due to their storage capacity, 
can contain man-made radionuclides in quantities 
exceeding the specific activity in sediments. 
Thus, in lake ecosystems “sediments – water” and 

“sediments – plants”, the main content of 137Cs and 
239+240Pu is concentrated in sediments. Whereas 90Sr can 
be evenly distributed in all components of the “sediments 

- water – plants” system, which once again underlines its 

high migration ability. 
 
IAEA, 2010. Handbook of Parameter Values for the 
Prediction of Radionuclide Transfer in Terrestrial and 
Freshwater Environments: Technical Reports Series. 
No.472. 
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The Fukushima nuclear accident created an emergency 
demand for methods to monitor and control 
environmental radionuclide contamination (Saito and 
Onda, 2015). The present work is based on the 
hypothesis that the accident may have increased 
production in R&D aimed at the field of ionizing 
radiation dosimetry, especially in systems for controlling 
exposure and environmental contamination. 
 The study of patents is a methodological 
alternative for technological prospecting and monitoring 
of research aimed at solving technical problems (Lee et 
al., 2008). In this sense, a patent search was carried out 
using the Espanecet system, which is maintained by the 
European Patent Office (EPO) (Pires et al., 2008). The 
code for radiation dosimetry (GO1T1/02), from the 
International Patent Classification (IPC) and the 
European patent classification – Cooperative Patent 
Classification (CPC) was used to search for patents. 
Additional analysis filters were also used for a study 
directed to the environmental technology segment. The 
first period evaluated was between the years 1999 to 
2021. Subsequently, the search was restricted by earliest 
priority date in 2011, in consideration of the Fukushima 
accident. In Figure 1 we present distribution of results 
obtained by ICP/CPC code. 
 

 
 

Figure 1. Results by ICP/CPC code. 
 

 We observe in Figure 1 that the search for patents 
with code G01T1/02 covered other groups and 
subgroups, adding information such as type of 
dosimeter, dosimetric system, technological segments 
and applications. For a focus on environmental 
applications, some groups and subgroups were excluded 
as results for the research, such as groups A61N5 and 
A61B6, both aimed at medical diagnostic or therapy 
applications. After prior evaluation of results and 
application of advanced search filters, 1347 patents were 
evaluated for this study. 

 In Figure 2 we can see there was an effective 
continuous increase in the number of patents applied for 
after 2011, compared of patents granted in the previous 
decade. 
 

 
Figure 2. Patent statistics in dosimetry - chart calendar 

years 2011 - 2021. 
 
 A characterization of patents showed the interest 
of China, United States, Japan and Korea in this field of 
knowledge. The great diversity of assignees involved, 
including private, Universities and Public Research 
Institutes, demonstrates a highly competitive strategic 
area. It was possible to establish a relationship between 
the Fukushima event and technological development in 
the area of ionizing radiation dosimetry. 
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Abstract 

This study reviewed the current knowledge of 

plutonium (Pu) isotopic composition (the atom or 

activity ratios) and activities of 238Pu, 239Pu, 240Pu, 

and 241Pu derived from the Fukushima Daiichi 

Nuclear Power Plant (FDNPP) accident in 2011. In 

this critical review, we documented the characteristic 

values of Pu atom or activity ratios (fingerprints) and 

presented its spatial distributions around the FDNPP 

site. Based on multiple Pu fingerprints 

(238Pu/239+240Pu activity ratio, 240Pu/239Pu atom ratio, 

and 241Pu/239Pu atom ratio), we clarified there 

received the Pu contamination from the FDNPP 

accident in a restricted terrestrial area, while Pu in the 

northwest Pacific Ocean is still predominately 

sourced from the Pacific Proving Grounds (PPG) 

fallout and the global fallout. Using a simple two 

end–member mixing model, the contributions of Pu 

from the FDNPP accident were calculated to be on 

average 27±34% (n=149) in soils, 55±32% (n=38) in 

litter samples, and 67±26% (n=129) in the air 

dust/black substances, respectively. In the marine 

environment, the PPG source contributed 45±15% 

(n=76) in the seawaters and 42±12% (n=48) in the 

sediments.  The spatial distribution of Pu atom or 

activity ratios based on existing studies suggested 

that: 1) the Pu contamination in the northwestern 

FDNPP site was mainly observed in an area within 

50 km radius; 2) in the southwestern FDNPP site, the 

Pu contamination was mainly observed in a zone 

within 30 km radius. The studies of Cs-bearing 

radioactive particles indicated that Pu occurred as Pu 

oxide and the fuel fragments containing Pu were 

released from the reactors to the surrounding 

environment associated with micron-scale Cs-

bearing radioactive particles. It should be noted that 

the fractionation between Pu and other radionuclides 

occurred after release. Finally, these new findings 

about the Pu fingerprints around the FDNPP site help 

us to establish a reference background database for 

the coming environmental risk assessment and 

geochemical study in this region. 
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Using low-background -spectrometry, we 

examined the spatial concentration profiles of 134Cs 
(half-life: 2.06 y) and 137Cs (half-life: 30.2 y) in seawater 
samples collected from the southwestern Sea of Okhotsk 
during 2019–2021. The 134Cs concentration profiles in 
these samples, decay-corrected to the date of the 
Fukushima Dai-ichi Nuclear Power Plant (FDNPP) 
accident, at 2–300 m depths were ~0.35 mBq/L in 2019 
and ~0.5 mBq/L in 2021, respectively. An increase in the 
134Cs concentration indicated the re-entry and convection 
of radiocesium in this 10 y duration following the 
FDNPP accident. 

 
1. Introduction 

The 2011 FDNPP accident resulted in the release 
of large amounts of radiocesium into marine 
environments over a wide region in eastern Japan. 
Considering its short half-life, all the 134Cs detected in 
this study most likely originated from the FDNPP 
accident. The release date and source of 134Cs are known 
(i.e., March 11, 2011, close to the FDNPP). Therefore, 
the 134Cs distribution has emerged as a strong chemical 
tracer in local and global water circulation since the 
FDNPP accident. In the present study, we characterized 
the spatial variation in the 134Cs and 137Cs concentrations 
in and around the southwestern Sea of Okhotsk and 
assessed their oceanic circulation after the FDNPP 
accident, by also considering data from 2011 to 2017 
(Inoue et al., 2018).  

 
2. Experimental details 

Seawater samples were collected from water 
column depths between 2 m and 750 m in the 
southwestern Sea of Okhotsk (~45°N, ~145°E), along 
with surface waters in the surrounding areas (~100 L 
each) in July 2019–2021 during the expeditions of the 
R/V Soyo Maru. 134Cs and 137Cs were separated 
quantitatively through co-precipitation with ammonium 

phosphomolybdate. Low-background -spectrometry 
was performed on all samples using Ge detectors 
installed at the Ogoya Underground Laboratory, Japan. 
 
3. Results and Discussion 

The water column from the southwestern Sea of 
Okhotsk consists of intermediate cold water (ICW; ~50–

300 m), formed by the convection of surface water, and 
transient layer water (TLW) (~300–1200 m) beneath the 
surface water (above ~50 m). The 134Cs concentration, 
decay-corrected to the date of the FDNPP accident, 
increased in the surface–ICW from 2019 to 2021 (~0.35 
to ~0.5 mBq/L), following its gradual increase after 2017 
(~0.25 mBq/L; Inoue et al., 2018). It is considered that 
the ICW was largely part of the East Sakhalin Current 
(ESC), with less contribution from the Soya Warm 
Current (SWC) from the Sea of Japan. Based on the 
small variation in the SWC, the gradual increase in the 
134Cs concentration in the southwestern Sea of Okhotsk 
during 2017–2021 predominantly reflected its increased 
concentration in the currents from the Pacific Ocean side 
(e.g., Oyashio Current; Inoue et al., 2021). By 
combining the data for the concentrations of 228Ra, a 
chemical tracer for water circulation (e.g., mixing ratio 
of SWC, ESC, and other currents), and salinity, we 
herein discuss the transport and convection mechanisms 
of FDNPP-derived radiocesium in the southwestern Sea 
of Okhotsk after the accident. Further study regarding 
134Cs transport mechanisms in the western North Pacific 
Ocean is currently on-going by our research group. 
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The cesium-137 in marine biota before the Fukushima 
accident was originated to the atmospheric nuclear bomb 
tests carried out in 1960s. The 137Cs concentrations in 
marine biota of Japanese coasts were few Bq/kg-ww at 
those periods Since, the radioactivity measurement 
before 2010 was carried out by -spectrometry or -ray 
counting after radiochemical separation of 137Cs, 
therefore the determination limit was approximately 0.01 
for marine biota. In contrast, after 2011 of the 
Fukushima accident, radiocesium levels were 
significantly high due to the accidental introduction of 
enormous radioactivity to marine environment, -
spectrometry of raw sample was applied. Because of the 
difference of determination limits of measurements, it 
was considered to handle comprehensive data sets in 
meta-analysis of before and after the accident. We 
understood that it was possible to manage values before 
2010 of scientific study and several reported levels by 
local governmental institutes, being understood as 
representing the true level distribution in biota. However, 
we regarded that the biological monitoring data sets after 
2011 to be designed to eliminate data below detection 
limit <1 Bq/kg-ww to < 10 Bq/kg-ww. It was inevitable 
because of the monitoring mandate being confirmation 
of food safety.  
In this study, we firstly examined the seawater and biota 
data sets before 2010, and calculated the 137Cs/133Cs 
ratios in seawater, plankton, macro-algae, invertebrates 
and fish to evaluate the 137Cs transfer status between 
biota and environment, whether they were equilibrated 
or not. With respect 137Cs concentrations in biota, there 
was no difference among of Sea of Japan SOJ, Pacific 
Ocean of western Japan PCWJ, and of eastern Japan 
PCEJ. After 2011, atmospherically released radiocesium 
was contaminated surface water fish of <10 Bq/kg-ww in 
the area of 30 - 40N, 140 - 180 E of North Pacific Ocean 
in 2011. In addition, the 137Cs in invertebrates and fish of 
SOJ and of POWJ were atmospheric originated to the 
fallout from the Fukushima accident. The marine biota in 
POEJ of outside of 30 km radius area from the 
Fukushima Dai-ichi Nuclear Power Plant 1FNPP, 
demonstrated the 137Cs levels increased 3 - 5 orders of 
magnitudes due to the direct leakage. Being associated 
with the radiocesium dilution in oceanic seawater, 
radiocesium levels in biota decreased, however was 
slower in fish than those in macro-algae and 
invertebrates. Especially of slow depuration was found 

in some fish species, e.g. the sedentary rockfish being 
exposed to the initial contaminated water plume, with 
slower metabolism and generation exchange. With 
respect to several demersal fish species, contribution of 
radiocesium transfer from bottom environment was also 
inferred. 
 
 

    Year 
Figure 137Cs/133Cs ratios in seawater (black) and in 
macro-algae (red) of the Pacific coasts of eastern Japan. 
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After the Fukushima-Daiichi nuclear power plant 

accident in 2011, the requirement of checking the 
content of artificial radionuclides in fishing products has 
become relevant. Besides this more recent event, largely 
advertised by media, many other potential sources of 
both natural and artificial radionuclides can cause 
contamination of fishing products: some of them are 
locally limited, others involve extended areas.  
 Among the sources of artificial radionuclides, 
there are both the “acute” releases from accidents (such 
as Chernobyl) and from nuclear weapons tests in 
atmosphere, and the low-level continuous controlled 
releases (usually locally limited) from nuclear power 
plants, research facilities and hospitals. 
 Among the sources of natural radionuclides, the 
“human enhanced” sources must be noticed: they derive 
from many processes in non-nuclear industrial activities, 
such as mining, processing of phosphates, and coal 
power plants. These processes give rise to the production 
of substances, often wastes, with so high concentration 
of natural radionuclides, such as 226Ra, 210Pb, and 210Po, 
to become a risk from a radiological point of view. 
 In 2011, in the laboratories of ICMATE-CNR 
(Research Area of Padua - Italy), an extended research 
project for the monitoring of the content of gamma-
emitting radionuclides in fishing products began. This 
project covered all the most traded fishing products in 
Northern Italy. The monitoring activity started just after 
the Fukushima-Daiichi NPP accident, and lasted 4 years, 
to individuate potentially contaminated fishing areas and 
possible phenomena of artificial radionuclides 
bioaccumulation. Samples of fishes and molluscs of the 
most traded species in Italian market were analysed; they 
became from all FAO (Food and Agriculture 
Organization of the United Nations) fishing areas, were 
supplied by a major wholesale dealer acting in Northern 
Italy, and are representative of all species bought from 
the same dealer and sold in the national market. 
 The measurements were performed through high 
resolution gamma spectrometry with high purity 
germanium detectors. To reduce the counting time 
required by this analytical procedure, some “reference” 
radionuclides were chosen and used as “early warning” 
of contamination by artificial radionuclides. This 
allowed us to perform a screening on a very high number 
of samples (about 400). Moreover, activity 
concentrations of the most relevant natural radionuclides 
present in marine environment, such as 40K, 226Ra and 
decay products, were measured. 
 The values of the radionuclides concentrations 
were used to individuate contaminated fishing areas and 
to evaluate the radiation doses for consumers. 
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Fukushima dai-ichi nuclear power station (FDNPS) 
accident in March 2011 released huge amounts of 
volatile fission products such as 129mTe, 131I, 134Cs, and 
137Cs with traces of U, Pu, Am, Cm, Np nuclides in the 
terrestrial area in the east Japan (Povinec et al., 2013). 
From the viewpoint of radiation protection, it is crucial 
to obtain sufficient data on U and Pu radioisotopes. 
Measurement of 236U/238U and 238Pu/137Cs ratios in soil 
could be used as tracers to identify source of 
contamination due to nuclear accident. Furthermore, 
concentrations of 236U and 238Pu will help to improve 
internal dose estimation. 
 
Therefore, Fukushima soils were selected based on 137Cs 
concentration. The 137Cs activity concentration ranged 
from 150 to 5000 Bq/g in soils collected from Okuma 
town within <5 km distance from FDNPS. 
Abundances of 236U and 238Pu as well as 236U/238U and 
238Pu/137Cs isotope ratios were measured in the present 
work. Thermal ionization mass spectrometry (TIMS) 
was used to measure isotope ratio of 236U/238U whereas 
alpha spectrometry was used for 238Pu activity 
concentration determination.  
  
 236U/238U ratio in Japanese soils based on global 
fallout ranged between (1.9~11.0) × 10-8 (Kasar et al; 
2021). 236U/238U ratio in Fukushima soils varied from 
((0.6–20.0) × 10-8), which showed relatively a higher 
value than global fallout. The abundances of 236U in 
these soils varied in the range of ((2.0-20.0) × 10-5) 
Bq/kg. This may be due to the mixing effect of global 
fallout and FDNPS accident. 238Pu activity concentration 
was found to be in the range of 0.006-0.1 Bq/kg. The 
highest activity concentration of 238Pu in Fukushima soil 
has been reported as 0.092 Bg/kg (Kierepko et al; 2019). 
238Pu activity concentration values showed 
heterogeneous distribution of actinides in environment. 
The linear correlation of 238Pu activity concentration 
with 137Cs (Fig. 1) which may support the release of 
actinides during accident. 
 
 The behaviour of Cs, U and Pu isotopes in 
Fukushima soils and their comparison with results of 
Chernobyl soils will be presented in conference. 
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Figure 1. Correlation between 137Cs and 238Pu activities 
from soils. 
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The Fukushima Nuclear accident in 2011 had released a 
large amount of radionuclides into the environment via 
atmospheric plumes and direct discharge into the 
western Pacific. The radionuclides released into 
atmosphere were dispersed to other parts of the world, 
such as Europe and Asia. 129I is an important 
radionuclide from the viewpoint of environmental 
radioactivity. To evaluate the impact of nuclear accident 
on 129I level in Xi 'an, rainwater samples were collected 
from February to July in 2011 in Xi’an, China and 

analyzed for 129I and 127I. The 127I concentrations in the 
samples ranged from 0.82 μg/L to 12.47 μg/L, with a 

mean value of 5.57 μg/L. The concentrations of 129I in 
the samples ranged from 1.0×10 7 atoms/L to 81.8×10 7 
atoms/L, with a mean value of 10.3×10 7 atoms/L. The 
atomic ratio of 129I/127I ranged from 0.64×10 -9 to 
26.7×10 -9, with an average value of 4.5×10 -9. Compared 
with the previous 129I concentration and 129I/127I atomic 
ratio in precipitation from Xi'an before the accident 
(Zhou et al., 2013), no obvious increase of 129I was 
observed. According to the reported results of the 
concentrations of 131I in atmospheric aerosols in Xi'an in 
2011(Liu et al., 2013), the concentration of 129I 
originated from the Fukushima accident in atmospheric 
aerosols was estimated. It was inferred that the impact of 
the Fukushima accident on 129I concentrations of 
aerosols/precipitations in Xi’an was not strong by 

comparison to reported values of atmospheric aerosols in 
Xi’an. 
 

 
Figure 1. precipitation rates, concentrations and 
deposition fluxes of 127I and 129I, 129I/127I ratio of 

precipitation samples collected in 2011 from Xi’an 
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Organized jointly with UNESCO, and with 
the cooperation of FAO, the IAEA first ever 
Scientific Conference on the Disposal of 
Radioactive Waste at Sea, convened in 
November 1959 in Monaco, led to the 
foundation of the first IAEA International 
Laboratory of Marine Radioactivity in 
1961, focussing on assisting Member States 
to investigate the effects of radioactivity on 
the marine environment. The initially three-
year programme marked the start of a new 
era for marine environmental radioactivity 
research. 

A small team of scientists, collaborating 
with the Scientific Centre of Monaco, was 
analyzing water, sediment and biota 
samples to obtain the first independent data 
on the level of radioactivity in oceans and 
to assess the behavior of fallout and waste 
radionuclides produced by human 
activities. 

In 2002, a low-level underground counting 
facility (U-lab) located below 11 metres of 
rock to reduce 'background noise' caused by 
cosmic rays, was launched to detect very 
low levels of environmental radioactivity in 
marine samples. 

Over the years, the assessment and the 
monitoring of marine environmental 
radioactivity remained a key focus at the 
IAEA Environment Laboratories, while the 
scope of activities and premises were 
expanding to address (1) research on 
contamination processes in the marine 
foodchain using radiotracers, (2) 
development of methods using 
radionuclides to understand geochemical 

and oceanographic processes leading to the 
contamination of biota and sediment, (3) 
production of reference materials to ensure 
analytical quality, and (4) building 
capacity.  

As such, the IAEA played an important role 
in supporting Member States in marine 
radiological assessment (Mururoa and 
Fangataufa, Arctic Seas) and in monitoring 
nuclear emergencies, such as the Chernobyl 
and Fukushima Daiichi Nuclear Power 
Plant accidents, ensuring the transparency 
and accuracy of the data collected through 
interlaboratory comparisons of analysis 
results. 

Today, with 60 years of enhanced capacity 
to assist Member States in responding to 
marine radioactivity emergencies and 
emerging environmental challenges related 
to pollution and climate-related ocean 
changes, the IAEA Environment 
Laboratories will continue to play a 
prominent role to inform policy in order to 
reach SDG14 for a healthy and sustainable 
ocean.  
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Plutonium in the marine environment is one of the most 
important radionuclide due to its radiological concern 
and biogeochemical interest. Most of the plutonium in 
the marine environment originated from global fallout, 
although close-in fallout due to the Pacific Proving 
Ground nuclear explosions significantly contributed in 
the western North Pacific. In contrast to 137Cs, plutonium 
is a typical bio-reactive element, which is controlled by 
biogeochemical processes in the marine environment. 
Therefore, it is important to better understand the 
behavior of plutonium in the ocean.  

The Sea of Japan (SOJ) is a unique marginal sea 
characterized by a semi-closed sea with maximum depth 
of about 3800 m, connecting to the Pacific Ocean and its 
marginal seas throughout shallow straits (Tsushima, 
Tsugaru, Soya and Mamiya) with less than 150 m in 
depth. The deeper layer of the SOJ than a few hundred 
meters is occupied by an almost homogeneous cold 
water-mass, so called, the Japan Sea Proper Water 
(JSPW). Therefore, it is expected that a typical feature 
on oceanic behaviors of anthropogenic radionuclides 
occurred in the SOJ; ex, vertical motion of 137Cs and 90Sr 
is controlled by the diffusion associated with eddy 
activities (Hirose and Povinec, 2020). In contrast to 
long-term decline trends of 137Cs and 90Sr, activity 
concentrations of 239,240Pu in surface water of the SOJ 
were maintained at a constant level during the period of 
1980 – 2000 (Hirose et al., 2001). Characteristics of 
239,240Pu in the SOJ is that a level of surface 239,240Pu in 

the SOJ in this period, being 5.6 mBq m-3 with a range 

between 2.1 and 14.0 mBq m-3, was slightly higher than 
that in the western North Pacific. Another feature is that 
maxima in vertical distributions of 239,240Pu in the SOJ 
were broad compared with that in the western North 
Pacific, although the vertical distribution of 239,240Pu 
showed a surface minimum, a subsurface maximum and 
a decrease with increasing depth.  

We shall describe the long-term variability of 
surface 239,240Pu in the SOJ during the four decades of 
1977 – 2018, and discuss factors controlling oceanic 
behaviors of 239,240Pu in the SOJ. We shall use 239,240Pu 
data gathered until 2010 in the HAM database developed 
by the Meteorological Research Institute in Tsukuba, and 
the JCG data reported for period of 2000 – 2019, in 
which JCG has conducted one-time sampling in every 
year. Altogether, they represent 239 surface 239,240Pu 
activity concentrations, including the data from the JKR 
(Japanese-Korean-Russian) expedition, and others.  

Results and discussion 
 
The surface 239,240Pu activity concentrations in the SOJ 
exhibited no clear long-term (1977 – 2018) trend with 

6.5 ±4.7 mBq m-3 as an average and 5.1 as a median, as 
pointed out by Hirose et al., 2002, whose behavior is 
different from 90Sr and 137Cs (Hirose and Povinec, 2019). 
Another characteristic is that sporadic high 239,240Pu 
activity concentrations occurred, as did large variability 

ranging from 1 to 39 mBq m-3.  
 As a case study, to elucidate sporadic high 
239,240Pu event, we examined comparison of spatial 
distributions of the surface 239,240Pu activity 
concentrations between 1993 and 1994; in 1993, the 
surface 239,240Pu activity concentrations ranged from 3.7 
to 15 mBq m-3, whereas the higher surface 239,240Pu 
levels to 24 mBq m-3 occurred in the northern SOJ in 
1994. This finding suggests that 239,240Pu supplied in 
surface water of the northern SOJ in 1993-1994 winter. 
In 1995, the 239,240Pu levels decreased a range from 3.3 to 
6.7 mBq m-3, although sampling points decreased.  

Occurrences of high 239,240Pu levels in surface 
waters may be related to formation of JSPW including 
deep winter convection, which has been discussed for 
deep water formation in the SOJ. On the other hand, 
although the bottom water formation occurred in 2000-
2001 winter, there was no marked increase of the surface 
239,240Pu level in 2001. As another recirculation process, 
we examine the relationship between the surface 239,240Pu 
activity concentration and apparent vertical diffusion 
coefficient determined from the vertical distributions of 
137Cs (Hirose and Povinec, 2020). The result suggests 
that a possible mechanism of recirculation of 239,240Pu 
may be an upwelling, accompanied with cyclonic eddy.  
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Introduction 
 The accident of Fukushima Dai-ichi Nuclear 
Power Plant (FNPP1) occurred on March 11, 2011, 
resulted in the release of 30~40 PBq radiocesium (134Cs 
+ 137Cs) into the environment. It has been estimated that 
70-80% of the FNPP1-derived radiocesium was 
deposited and discharged in the North Pacific Ocean. 
The FNPP1-derived radiocesium has been spreading 
throughout the North Pacific along with surface currents. 
Previous studies revealed that the radiocesium deposited 
and discharged in the coastal area of Japan had been 
transported eastward to the international date line by 
summer 2012 along with the eastward currents. 
Subsequently, the high-concentration water mass had 
reached the North American Continent by 2015, and 
then been transported to the Bering Sea and Arctic 
Ocean (Chukchi Sea) through the Gulf of Alaska by 
2017 along with the anti-clockwise subarctic gyre 
current (Huang et al., 2020). We measured radiocesium 
in surface seawater in the western subarctic area of the 
North Pacific Ocean, Bering Sea, and Arctic Ocean in 
2019 and 2020 and discussed the transport of the 
FNPP1-derived radiocesium into the Arctic Ocean about 
nine years after the accident.  
 
Methods 
 We collected surface seawater samples during the 
R/V "MIRAI" cruises of MR19-03C in October 2019 
and MR20-05C in October 2020. Radiocesium in the 
seawater sample was concentrated using ammonium 
phosphomolybdate (AMP) method. The radiocesium was 
quantitatively separated from 40 L seawater sample by 
coprecipitation with AMP/Cs compounds. The recovery 
rate of Cs from the seawater sample was about 95%. 
Activity concentrations of 134Cs and 137Cs were 
measured using gamma-ray spectrometers in Kanazawa 
University. The uncertainty of the 134Cs and 137Cs 
measurements were about 15–20% and 3–5%, 
respectively. The detection limits of the decay-corrected 
134Cs and 137Cs concentrations were about 0.7 and 0.01 
Bq m−3, respectively. 
 
Results and Discussion 
 FNPP1-derived 134Cs was detected in the North 
Pacific Ocean (~53°N approx.), Bering Sea (53~66°N 
approx.), Chukchi Sea (66~72°N approx.), and Arctic 
Ocean (72°N~ approx.). The Chukchi Sea is bounded on 

the south by the Bering Strait and north by a line 
between Point Barrow, Alaska and Wrangel Island, 
Russia. 134Cs activity concentration, which is corrected 
to the date of the FNPP1 accident, in the Bering Sea, 
Chukchi Sea, and Arctic Ocean were 1.58 ± 0.17 (n = 4), 
1.38 ± 0.31 (n = 2), and 1.24 ± 0.22 Bq m-3 (n = 3), 
respectively. The averaged concentration in the Bering 
Sea is similar to those observed in 2017 (1.16 ± 0.29 Bq 
m-3, Kumamoto et al., 2019; Huang et al., 2020) and 
2018 (1.45 ± 0.33 Bq m-3, Inoue et al., 2020), but 
significantly higher than that (0.50 ± 0.12 Bq m-3, 
Kumamoto et al., 2017; Kumamoto et al., 2019) in 
2014/2015. This temporal change in 134Cs concentration 
in the Bering Sea confirms the arrival of the high-
concentration water in the Bering Sea from the Gulf of 
Alaska by 2017. In 2017, the FNPP1-derived 134Cs was 
also observed in the Chukchi Sea (1.16 Bq m-3) but not 
in the Arctic Ocean (Huang et al., 2020). In 2019/2020, 
we found 134Cs in the Chukchi Sea and Arctic Ocean 
further to the north, which suggests that the FNPP1-
derived radiocesium has continued to penetrate into the 
Arctic Ocean due to the seawater inflow from the Bering 
Sea to the Arctic Ocean through the Bering Strait. 
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cooperative research program of  Institute of Nature 
and Environmental Technology, Kanazawa University 
(Accept No.19042, 20042), which were funded by the 
Ministry of Education, Culture, Sports, Science and 
Technology of Japan (MEXT).  
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Despite the great interest of researchers in the 
radioactive and non-radioactive pollution of the Baltic 
Sea, 241Am and plutonium isotopes received limited 
attention. However, they can significantly contribute to 
harmful effects on living organisms in the marine 
environment and have a negative impact on the well-
being and health of people in the countries around the 
Baltic Sea. 
 Currently, there is a lack of information about the 
distribution of actinides in the Baltic Sea, especially for 
241Am, which is of concern due to its long half-life and 
high toxicity not only for humans, but also for marine 
biota.  
 Samples of water, bottom sediments, suspended 
solids and biota were collected mainly within the 
framework of the IAEA projects (1999-2001) and the 
Lithuanian Research Council (2012-2014), as well as the 
state monitoring program. Sediment samples from the 
Gotland Basin were collected during the partly EU-
funded “Chemical Munitions Search and Assessment 
(CHEMSEA)” project. 
 Bottom sediment samples were collected using a 
Van Veen grab and Gemini Corer samplers during the 
sampling campaigns in the frame of the State 
Monitoring. Large volume water samples (up to 1000 L) 
were collected during several cruises in the Lithuanian 
economic zone of the Baltic Sea, at Klaipeda Strait and 
the Curonian Lagoon. Suspended particles were 
collected in situ by filtering a large volume of water 
(from 400 to 1000 L) through 0.2, 1, 5 and 25 µm 
polypropylene Sediment Filter Cartridges (US Filter 
Plymouth Products), as well as by 0.22 µm membrane 
filtration using the filtration equipment (Millipore.  
 For Am and Pu isotopes measurements, sediment 
and suspended matter samples (up to 100 g., mainly 30-
60 g.) were ashed at 550o C and then dissolved in strong 
acids (HNO3, HCl, HF and HClO4). The 
TOPO/cyclohexane extraction and radiochemical 
purification using UTEVA, TRU and TEVA resins (100-
150 µm) were employed for separation of Am and Pu 
isotopes. 242Pu and 243Am (AEA Technology UK, 
Isotrak, QSA Amersham international, PRP10020 and 
ATP10020) were used as yield tracers in the separation 
procedure. The overall recovery of 242Pu tracers was 
about 80% and 70%, respectively (Lujaniene, 2013). 

Accuracy and precision of analysis were tested using 
reference materials IAEA-135, NIST SRM No 4350B 
and 4357, as well as in intercomparison exercises, 
organized by the Risø National Laboratory (Denmark), 
and the National Physical Laboratory (UK). The 
precision of Pu and Am measurements was better than 
7% and 10%, respectively (at 2σ level). Plutonium and 
Am after purification were electroplated onto stainless-
steel disks and measured using an alpha-spectrometry 
system with passivated implanted planar silicon (PIPS) 
detectors, 450 mm2 active area (AMETEK, Oak Ridge, 
Tenn, USA). Plutonium was then de-plated from the 
stainless-steel disks used for alpha-spectrometry, and 
after additional cleaning using UTEVA resins it was 
analysed for 240Pu/239Pu ratio by AMS spectrometry. 
241Pu was determined after 10 years of storage 
radiometrically via the ingrown daughter 241Am. Am and 
Pu isotopes were removed from stainless-steel discs with 
HNO3, then 241Am was purified using TRU resins (100-
150 μm) and measured by alpha spectrometry. 243Am 
was used as yield tracer in the separation procedure.  

In bottom sediment samples taken in 1999-2001, 
the activity concentrations of 239,240Pu in the Curonian 
Lagoon and the Baltic Sea were 0.014–1.22 Bq / kg, and 
241Am / 239,240Pu ratio was 0.34–0.78. 

In 2011-2015, 239,240Pu activity concentrations in 
the bottom sediments of the Curonian Lagoon and the 
Baltic Sea ranged from 0.01 to 1.35 Bq / kg, and 241Am / 
239,240Pu ratio varied from 0.34 to 0.88 with an average 
value 0.475. 

Activity concentrations of 239,240Pu in the fish 
species varied from 0.30±0.03 mBq·kg-1 to 1.3±0.1 

mBq·kg-1, w.w., while in seaweed 239,240Pu activities 
ranged from 0.48±0.04 mBq·kg-1 to 17.6±1.5 mBq·kg-1, 
d. w. The ERICA Assessment Tool was applied to 
calculate dose rates for biota. The total dose rate of all 
analysed radionuclides was lower than 0.1 μGy·h-1; no 
risk for organisms was found. 

Wide variations in 239,240Pu activity 
concentrations and Pu isotope ratios were observed in 
accumulation zones in the Curonian Lagoon and 
sampling stations located at the Neman River crease in 
the Baltic Sea. 
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The transition zone between the North and Baltic Seas 
(Figure 1) is the onsets of Norwegian Coastal Current 
and Baltic inflows that deeply influence the 
oceanography, climatology, and ecology of the 
Norwegian coastal areas, subpolar region, and the Baltic 
Sea (Christensen et al., 2018; Mohrholz et al., 2015). 
Deciphering and quantifying the water mass composition 
in the transition zone are of special importance to 
investigate the regional oceanic circulation and 
associated transport of heat and substances including 
carbon, oxygen, nutrients, and pollutants.  
In this work, we report the first comprehensive results 
for the long-term water-mass composition in the 
transition zone based on a hindcast simulation over the 
period of 1996-2015. The end-member time-series for 
four major water masses in the transition zone were 
established by the simulated spatiotemporal distribution 
of salinity and two long-lived radionuclides 129I and 236U 
released from the European reprocessing plants at 
Sellafield and La Hague by a 3D ocean model HBM. 
The contributions of these water masses to the transition 
zone were thereby quantified with a modified end-
member mixing algorithm (Bois et al., 1993). 
 

 
Figure 1. Schematic circulation in the North Sea and 
transition zone. The solid and dashed lines represent the 
major surface and bottom currents in this region, 
including NwAC (Norwegian Atlantic Current), ESI 
(Shetland Shelf inflow), NTI (Norwegian Trench inflow), 
SCC (Scottish Coastal Current), ECC (European Coastal 
Current), BI and BO (Baltic inflow and outflow). The 
purple, red, blue, and green colours mark the transport 
pathways of Atlantic water (AW), central/southern North 
Sea water (NSW), English Channel water (ECW), and 
freshwater (FW), respectively. The red crosses represent 
two representative stations in the Skagerrak (Å17: 
58.28°N, 10.51°E) and Kattegat (Fladen: 57.19°N, 
11.67°E), respectively, illustrated in Table 1. 

In general, the transition zone has a highly stratified 
water-mass structure with a significant seasonality 
(Table 1): (1) Atlantic water (AW) predominates in the 
deep water (>100m) and stirs up the upper layers in 
summer; (2) English Channel water (ECW) is mainly 
present at the upper 100 m and significantly enhanced in 
winter; (3) North Sea water (NSW) has a homogeneous 
distribution in the entire water column without obvious 
inter-seasonal variations; and (4) Fresh water (FW) is 
mainly distributed in the surface layer (<20m) and shows 
no significant seasonality. 
The application of multi-tracer (radiotracers and 
conventional tracers) approach in combination with 
numerical modeling demonstrates its great power on 
tracing water-mass distribution and mixing. Our findings 
provide an in-depth understanding in the physical 
oceanography of the transition zone, especially for the 
origins of deep waters that were seldom investigated, as 
well as fundamental data for the studies on climate 
change and pollutant/nutrient dynamics in this region.  
 
Table 1. Water-mass composition and seasonality in 
two representative stations of the transition zone. 
 

 Skagerrak (Å17) Kattegat (Fladen) 

 Surf. 
(0m) 

Inter. 
(59m) 

Bo. 
(275m) 

Surf. 
(0m) 

Bo. 
(45m) 

AW [%] 8 ± 10 22 ± 20 65 ± 19 5 ± 7 26 ± 19 

Seasonality weak strong no no weak 

NSW [%] 39 ± 14 44 ± 18 28 ± 14 34  ± 12 43  ± 17 

Seasonality no no no no no 

ECW [%] 25 ± 16 31 ± 21 6 ± 12 17  ± 14 27  ± 19 

Seasonality weak weak strong weak weak 

FW [%] 28 ± 11 3 ± 2 < 1 44  ± 12 4  ± 2 

Seasonality no weak no no weak 
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A 2-D averaged (in depth of 100m) hydrodynamic model 
was applied to obtain the distribution of key 
radionuclides that are dispersed at the East 
Mediterranean Sea in case of an accident of Nuclear 
Power Plant at Akkuyu. More specifically, the model 
was applied to simulate in seasonal basis the dispersion 
of key radionuclide concentration in case of a 
hypothetical accident providing as a result that the 
released radionuclides has a favourable westward 
direction, following the prevailing currents. The 
variability of the predicted pattern is interpreted 
according to the sea currents of the study area and to the 
local circulation processes. The studied radionuclides are 
transported during the first month to the neighbouring 
coasts of the location of the NPP while after the fourth 
month the distribution of the plume cover areas at the 
east Aegean Sea (including the east Crete and Rhodes 
Islands) as well as at the Antalya coastline.  
 In the present study, the dispersion of dissolved 
radionuclides due to a possible accident in Akkuyu NPP 
is studied for the neighbouring marine environment 
taking into account the ocean dispersion processes in the 
Eastern Mediterranean Sea. Prior to the operation of the 
NPP in Akkuyu, the activity concentration of key 
radionuclides in surface water of the Eastern 
Mediterranean and its marginal seas are taken into 
account, as a consequence of atmospheric nuclear 
weapons testing (Buesseler et al., 2016) and Chernobyl 
accident (Tsabaris et al., 2019). This study is performed 
applying a basin scale Mediterranean hydrodynamic 
model (implemented with 1/20o, ~5 km horizontal 
resolution), coupled with a Lagrangian particle drift 
model to investigate the dispersion and fate of dissolved 
radionuclides, released from a hypothetical accident in 
Akkuyu NPP an-d how this will affect the Eastern 
Mediterranean Sea. 
 
Results 
 In all cases, the dominant pathway of released 
radionuclides has a westward direction, following the 
prevailing currents in the area and particularly the Asia 
Minor Current (see Figure 1). In the winter simulation, 
the AMC and along-slope cyclonic current are 
particularly intense and the released radionuclides are 
quickly advected to the west towards Rhodes Island, 
leaving Cyprus and Cilician gulf with lower 
concentrations. Relatively higher concentrations are 
simulated in the spring and particularly summer 
simulation, as the increased stratification of the water 
column prevents the vertical mixing and dilution of the 

radioactive plume. For instance, patches with increased 
137Cs concentration are found in the North of Cyprus, the 
Gulf of Antalya, the Cilician Gulf and the east of Rhodes 
Island (Tsabaris et al., 2021). These patches are mostly 
related with anti-cyclonic eddies that are water 
convergence areas and therefore favour the accumulation 
of radio-pollutants. The opposite pattern may be seen in 
cyclonic eddies, such as the Rhodes gyre, Cretan 
cyclone, exhibiting low concentrations. In the simulation 
with initial release in April one may notice the important 
dispersion of 137Cs on the east (coasts of Lebanon, Syria 
and Israel). The dispersion of the radionuclides in the 
South Aegean (Cretan Sea and Cyclades plateau) is 
limited in the spring and autumn simulation, which can 
be attributed to the seasonal variability of the water flow 
through the Cretan straits. 
 

 
Figure 1. 137Cs distribution after 4 months (in April) in 
the scenario that the accident takes place in January. 
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 Θ/S diagrams are used as a basic tool for the 
characterization of water masses (Zervakis, et al., 2003) 
in the Aegean Sea. It is basically a transformation of the 
vertical column data to a 2D mapping between dynamic 
temperature and salinity, on an extended area of 
isopycnics (equal-density lines) (Rudels et al., 1991). In 
the marine environment, radioisotopes such as 137Cs and 
236U exist, spreading and distributing in water column 
according to their chemical behavior. These 
radioisotopes can be used as tracers for the water masses 
(Tsabaris et al., 2014; Pike et al., 2013).  
 The results from the years 2003, 2004, and 2017 
from the Myrtoo basin (west-central Aegean Sea) 
demonstrated a shift in the vertical distribution of marine 
masses (Figures 1 and 2).  

 
Figure 1. Θ/S diagram with the sample points (for the 
year 2017) and characteristic marine masses. 
 

 
Figure 2. Θ/S diagram with the lines representing the 
Myrtoo basin for the 3 different years. 
 

Depiction of the relationships between 137Cs and 
Temperature×Salinity exhibits water masses that are 
enriched with Black Sea Water masses, identified as 

Transitional Subsurface Aegean Waters (TSAW). The 
measured vertical distribution of 137Cs combined with 
the increasing density of the water demonstrates that 
TSAW occupies a wider marine area over the years (see 
Figures 2 and 3). The mixing process of these different 
water masses is investigated.  

In the future as the next step, is to further 
investigate the mixing process of the different water 
masses by correlating the data with other radioisotopes, 
like 236U. As a result of this future research, the 
development of a standard model of characterisation 
should incorporate an artificial radioisotope with a 
natural one for getting a supplementary tool for better 
understanding the mixing process and water mass 
identification of the specific marine compartment. 

 
Figure 3. 137Cs concentrations related to 
Temperature×Salinity. Current work (+) and past data 
from Myrtoo basin (o) 
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Concentrations and isotopic composition of 

plutonium (Pu) are widely used for its source 

identification and to determine transport 

processes of Pu-associated particulate matter and 

water. We investigated the concentrations of 

239Pu and 240Pu and their ratios in a number of 

sediment samples from the Eastern Chinese seas 

(i.e., Bohai Sea (BS), Yellow Sea (YS) and East 

China Sea (ECS)). The 239+240Pu activity 

concentrations in surface sediment samples were 

found to range between 0.001 and 0.288, between 

0.014 to 0.659 between 0.048 and 0.492 Bq kg-1 

in the BS, YS and ECS surface sediments, 

respectively; the 240Pu/239Pu atom ratios ranged 

from 0.173 to 0.256, from 0.18 to 0.31 and from 

0.158 to 0.297 in the BS, YS and ECS surface 

sediments, respectively, and were mostly higher 

than the mean global fallout value of 0.18 and 

lower than the Pacific Proving Ground (PPG) 

value of 0.36. These observations clearly indicate 

a signal of PPG close-in fallout Pu input to the 

Eastern Chinese seas. From the mass balance, 41% 

239+240Pu (8.9×109 Bq yr-1) and 18% 210Pb 

(2.4×1012 Bq yr-1) in the NYS were transported 

from the Southern Yellow Sea (Figure 1). The 

PPG input appears to be the dominant source of 

Pu to the ECS, accounting for 45%-52% of the 

total inventory. Using Pu as a tracer, we can 

estimate that the oceanic 210Pb input into the ECS 

to be (1.7 −2.0) × 1015 Bq. In the BS, 63% 210Pb 

was from atmospheric deposition and 84% 

239+240Pu was contributed by riverine input. It is 

estimated that (1.8-2.6)×108 ton y-1 and (3.6-

3.8)×108 ton y-1 sedimentary particles could be 

transport from the BS to NYS and from the NYS 

to Southern Yellow Sea by using the export flux 

of 239+240Pu and 210Pbex, respectively. Using Pu as 

a tracer, we estimated that the oceanic input 

contributed 2.0 tons y-1 Hg and 1.0 ×103 tons y-1 

Zn to the SYS sediments during 2014, which 

accounts for 33% and 3% of total buried Hg and 

Zn, respectively (Figure 2). Our study shows that 

the 240Pu/239Pu atom ratio is useful not only to 

obtain a better insight of the biogeochemistry 

influenced by the KC, but also to trace the long-

range transport of other particle-reactive species. 

Figure 1. Pu and 210Pb budget in the BS and NYS. 

Figure 2. Pu, Hg and Zn budget in the SYS. 
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The warm and salty Atlantic water plays a special role in 
the thermal balance of the Arctic Ocean. Changes in 
Atlantic water movement and circulation pattern may 
affect the Arctic climate, even the global climate. 
Anthropogenic radioisotopes have demonstrated 
promising potentials to trace pathways and transport 
times of Atlantic water in the Arctic region. This study 
explores a new approach using 99Tc-233U-236U tracer to 
estimate the transit time of Atlantic water in the coast of 
Greenland. We extract the reprocessing plants (RP) 
signal of 236U through 233U and combine the RP-
dominated 99Tc to estimate the transit time of Atlantic 
water from the entrance of the Arctic Ocean (Figure 1). 
As the temporal variation of 99Tc/236URP atomic ratio in 
Atlantic water is expected to be only influenced by their 
discharge histories from RP (primarily Sellafield and La 
Hague), this excludes the ubiquitous interference of 
global fallout signal and assure the robustness of this 
tracer approach. In addition, appearance of a 236U RP 
signature in coastal waters of Greenland and Faroe 
Islands (Figure 2) reveals connectivity to the Irish Sea 
(RP at Sellafield). The model observation and the 
monitoring data of 137Cs also provide evidence of 
sporadic entrainment of radionuclides from the Irish Sea 
(Figure 3).  
 

 
Figure 1. The input function of 99Tc/236URP atomic ratios 
in the entrance of the Arctic Ocean from the Norwegian 
Coastal Current (NCC) branch (A). The distribution of 
99Tc/236URP atomic ratios in the Greenland coast during 
2012 – 2019 (B). NEGC: The north-eastern Greenland 

coast; SEGC: The south-eastern Greenland coast; SWGC: 
The south-western Greenland coast; NWGC: The north-

western Greenland coast. 

 

 
Figure 2. The temporal variations of 236U (A) and 

233U/236U atomic ratios (B) in Faroe Islands coastal 
waters. Variation of 236U concentrations with 233U/236U 

atomic ratios in coastal waters of Greenland, Iceland and 
Faroe Islands (C). NEGC: The north-eastern Greenland 

coast; SEGC: The south-eastern Greenland coast. 

 

 

Figure 3. The Current movement from the OSCAR 
model in December 2rd, 2019 (A). The frequency of 

current direction on the coast of Faroe islands in 2019 
based on the OSCAR model (B). Measured annual 137Cs 

concentrations in the coast of Faroe Islands (C). 
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Due to the development and application of nuclear
technology, a large number of artificial radionuclides
(239,240Pu, 237Np, 241Am, etc.) were released in nuclear
weapons tests, nuclear waste leakages and nuclear power
plant accidents, and spread to the global ecological
environment through atmospheric deposition and ocean
current input. The Fukushima nuclear power plant
accident in Japan a decade ago brought bitter lessons to
humans. During the rapid development of the nuclear
power industry, it is an important strategy to promote
nuclear power construction in a safe and orderly manner.
Radionuclides are prone to accumulate near estuaries and
coastlines, leading to increased radioactive pollution in
areas where land and sea interact. The estuary and
coastal zone are the key areas for radionuclide
transmission and monitoring.

In order to reveal the distribution and environmental
behavior of 239,240Pu, 237Np, 241Am, and to fill the gaps in
radioactive characteristics of Chinese coastal zone, the
relevant analysis of the surface sediments in the Yangtze
River estuary was carried out. The distribution of
sampling sites, 240Pu/239Pu atom ratios, 237Np/239Pu atom
ratios and 241Am/239+240Pu activity ratios in the Yangtze
River estuary were presented in Figure 1. The results
showed that 239+240Pu in this study area are mainly
derived from global fallout and PPG (~45%). The
distribution pattern of radionuclides is closely related to
the diffusion of terrigenous sediments1. Higher activities
of 239,240Pu, 237Np, 241Am are mainly concentrated in the
south passage gate of the Yangtze River estuary. Effected
by hydrodynamic conditions and sedimentary particles2,3,
the scavenging processes and preservation mechanisms
of 239,240Pu, 237Np, 241Am in the study area are quite
different. Pu was scavenged from the seawater1, while
the sinking Am-enriched particles entered the estuary,
resulting in a larger 241Am/239+240Pu activity ratio within

Figure 1 Spatial distribution of sampling sites (a),
240Pu/239Pu atom ratios (b), 237Np/239Pu atom ratios (c)
and 241Am/239+240Pu activity ratios (d) in the Yangtze

River estuary
the estuary. 237Np has a high migration rate and a good
correlation with 241Am. 237Np/239Pu atom ratio in the
Yangtze River estuary has changed greatly from the
reference value of the preceding century. In addition, this
work can also provide background value for simulation
analysis for future emergency assessment of the level of
radioactive pollution in the Yangtze River Estuary.

This work was supported by grants from the
National Science Foundation of China (41773004).

1. Liu, Z.; Zheng, J.; Pan, S., 2011. Pu and 137Cs in the
Yangtze River Estuary Sediments: Distribution and
Source Identification. Environ. Sci. Technol. 45,
1805-1811.

2. Zhang, R.; Wang, R.; Liu, Z., 2020. Distribution and
transport of plutonium in the sediments of the
Yangtze River estuary and the adjacent East China
Sea. Appl. Geochem. 115, 104532.

3. Han, X.; Zhu, J.;Zhu, Y., 2021. 237Np, 241Am as
fingerprints in the major river basins of southern
China and north South China Sea: a land-sea
perspective. ACS Omega. 6, 41, 26897-26909.

064

mailto:xxhan@suda.edu.cn


 
 

 
 

Numerical simulation of particle fluxes and production of comogenic nuclide in the Earth's 
atmosphere. 

 
J. Masarik  

 
1Department of nuclear physics and Biophysics, Comenius University, Bratislava, 84248, Slovakia 

Keywords:   comic rays, cosmogenic nuclide, particle flux, simulartions     
Presenting author email: jozef.masarik@uniba.sk 

 
The interactions of cosmic-ray particles with the Earth’s 

atmosphere produce a cascade of secondary particles and 
a variety of cosmogenic nuclides. Modern experimental 
techniques, such as Accelerator Mass Spectrometry 
(AMS) allow us to analyze with high resolution natural 
archives such as ice cores. The concentration of 
cosmogenic nuclides in these archives is the result of the 
interplay between three processes: production, transport 
and deposition. In order to make full use of the 
information stored in these archives, a detailed 
knowledge of the production rates of the cosmogenic 
nuclides is necessary.  
In order to calculate the cosmogenic radionuclide 
production rate, models have to be developed that 
describe the interaction of cosmic ray particles with the 
main target elements of the atmosphere and their 
subsequent transport from the atmosphere into the 
various archives. The main purpose of this talk is to 
provide information about the model we used in our 
simulations (Masarik and Beer, 1999), (Masarik and 
Beer 2009). Besides this, we will present how sensitive 
the production of cosmogenic nuclides is to various 
parameters or input data that have undergone changes in 
the recent time.  
Our model is purely physical Monte Carlo model based 
on the codes GEANT and MCNP. This model was used 
to simulate production and transport of galactic-cosmic-
ray particles in the Earth’s atmosphere. The model 

enables us to calculate differential fluxes of secondary 
proton and neutron fluxes as a function of geomagnetic 
latitude, altitude, chemical composition, geomagnetic 
field intensity and solar modulation. These particle 
fluxes have been used for the calculation of cosmogenic 
nuclide production rates in the Earth’s atmosphere. 
We showed that the contribution from solar cosmic rays 
to the global average production rates of cosmogenic 
nuclides is negligible. A measurable contribution from 
solar cosmic rays was obtained only for polar regions 
during huge solar particle events mainly for 7Be and 
36Cl. Comparing the production rates obtained in 
simulations starting from different primary GCR spectra, 
we conclude that differences in global average 
production rates are within the statistical uncertainties of 
our simulations. Therefore, our production rates are 
results only of interactions of galactic cosmic rays with 
the atmosphere. 

The production rates of 3H, 7Be, 10Be, 14C, and 36Cl 
will be presented. The production rate of cosmogenic 
nuclides depends on the flux of cosmic-ray particles. 
Time-dependent changes in the cosmic ray flux are 

caused mainly by variations in both the geomagnetic 
field intensity and solar activity. The dependence of the 
production rates on these parameters is investigated. Our 
simulations cover whole range of these two parameters 
observed in the past. Comparison of the production rates 
calculated from two most frequently used primary 
galactic cosmic ray spectra showed weak dependence on 
the shape of the spectra. Alpha particles were for the first 
time included in the simulations and we showed that 
previously used scheme for estimation of alpha particle 
contribution to the total production rates is more 
complicated and latitude dependent. The obtained 
production rates agree well with most published 
experimental values. 
The good agreement of calculations with modern 
measured values shows that our model can be used to 
obtain reliable production rates of terrestrial cosmogenic 
nuclides and also that our model should be good for 
samples from very large depths in extraterrestrial objects 
including those with an atmosphere and magnetic field. 
These results provide the basis for a quantitative 
reconstruction of the history of the solar activity and the 
geomagnetic field intensity using records of cosmogenic 
isotopes in natural archives such as sediments and ice 
cores (Muscheler et al., 2005). 
 
 References should be made in the style (Hölgye, 

2008), (Carter and Moghissi, 1977) or as (Lujanienė et 
al., 2010). Examples of references are shown below. 
Leave a blank line above the list of references, and also 
above the acknowledgements. 
 Section headings can be used, but they do take up 
valuable space: the same can be said of equations. 
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The influence of solar variability on the Earth’s climate 
is a major subject of interest for understanding past and 
predicting future climate changes. While the 
observational record of solar activity (e.g. sunspots) 
covers only the last about 400 yr, cosmogenic nuclides 
stored in tree rings (14C) or ice cores (10Be, 36Cl) are used 
as proxies for solar activity and allow solar 
reconstructions reaching much further back in time 
(Bard et al. 2000), (Muscheler et al. 2007), (Usoskin et 
al. 2013). Major drawbacks of cosmogenic nuclide based 
solar reconstructions are the presence of weather-
induced noise (e.g. 10Be in ice cores) or the low temporal 
resolution of long precisely dated records (14C in tree 
rings). 
Here, we present a continuous, annually resolved 14C 
record from precisely dated tree rings covering the past 
about 1’000 yr comprising almost 1’300 highest-
precision 14C measurements (Figure1). The 
measurements were performed with the latest generation 
of compact accelerator mass spectrometry systems 
developed at ETH Zurich (Synal et al. 2010).  
A multi box carbon cycle model is used to extract annual 
14C production changes from the tree ring data. The 
resulting high-resolution record of 14C production is then 
used to reconstruct the solar modulation parameter over 
the last millennium. The comparison of solar modulation 
with global temperature provides evidence that low solar 
activity could have caused the temperature reduction 
during the Little Ice Age. The 14C record further reveals 
for the first time the presence of the eleven-year solar 
cycle over the past 1’000 yr. The amplitude of this so 
called Schwabe cycle is found to correlate with the 
general level of the solar modulation with high 
amplitudes during periods of strong solar modulation 
and vice versa (Brehm et al. 2021). Further, the high 
temporal resolution of the record allowed not only the 
993 AD solar energetic particle event to be confirmed, 
but also allowed the discovery of two new candidate 
events around 1052 AD and 1279 AD revealing that 

strong solar events are much more common than 
previously thought. 

 
Figure 1. Solar activities were reconstructed from 

radiocarbon measured in tree-rings to reveal past solar 
activity over the last millennium. 
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Recently, new annual 14C calibrations (Pearson et al. 
2018; 2020), and investigations of the tree-ring 
structure of olive trees (Ehrlich et al. 2018; 2021) 
heated up again the long-standing controversy 
between archaeologists and 14C-dating experts 
over the exact date of the volcanic eruption  of 
Santorini in the Late Bronze Age. While a date of 
~1520 BCE is favored by archaeologists (Bietak 
2014; 2021), most 14C measurements pointed to an 
eruption date about 100 years earlier (Friedrich et al. 
2014; Manning et al. 2014; 2020)  

It is unfortunate that the extremely useful 
method of 14C dating is pushed in this case beyond 
its intrinsic uncertainty limits (Fig. 1), because many 
archaeological questions can be well answered by 
applying the adage of John Maynard Keynes: “It is 
better to be roughly right than precisely wrong“, e.g. 
the age of the famous Iceman Ötzi (Kutschera et al. 
2017).  

This talk will sumarize the past and current 
attempts to solve the puzzle of dating the Minoan 
eruption. The problem will be tackled from the point 
of view of a physicist , who will make every effort to 
also include the historical-archaeological point of 
view. At this point, it may be nessary to find new 
ways to tackle the problem. One possibility will be 
briefly discussed (Kutschera, 2020). 

 

 
Figure 1. Demonstration of how the 14C dating of the 
Minoan eruption of Santorini depends on the 
magnitude and shape of the 14C calibration curves 
(A). The figure is from Pearson et al. (2018). The 
difference of the probablity distribution of the  
deduced dates (B and C) is visualized by the red and 
blue coulors of the respective calibration curves.       
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The demand of radiometric characterization of NORM materials has exponentially 
increased in the last years, being the radiometric laboratories forced to find effective and 
no high time-consuming methodologies to cover the need. These radiometric 
characterizations have different reasons: for the possible application of the concepts of 
exemption and clearance, for performing dosimetric evaluations, for defining proper 
strategies in the management of residues, and for evaluation of recycling and valorisation 
between others, and in not all the cases the radiometric characterization need to reach the 
same sensitivity and even the determination of the same radionuclide determinations. 

The characterization of NORM materials, including raw, intermediate and residual 
materials is far to be straightforward: the complex composition of the samples, the 
refractory behaviour of some of them, the no unusual existence of disequilibria in the U 
and Th series, and the presence of another no radiometric contaminants make challenging 
their proper radiometric characterization.  

In this talk, and with basis in my 25 years of experience in the radiometric characterization 
of NORM materials, the refined procedures used in our laboratory for its proper 
radiometric characterization will be shown, accompanied with a good number of 
examples, and highlighting the possible different needs in the characterization depending 
of the objectives pursued. 
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A lot of anthropogenic radionuclides have been 

released into environment mainly through atmospheric 
nuclear weapons tests, nuclear fuel reprocessing plants, 
and nuclear accidents, leading great increases of the 
environmental radioactivity in nearby places of these 
sites and even global scale. Due to the high radiotoxicity 
in high concentration of the α emitting isotopes, 239Pu 
(T1/2=24,100 yr) and 240Pu (T1/2=6561 yr), the level and 
sources of 239,240Pu in the environment is of great 
significance in the view of radiation risk investigation 
(Alewell et al., 2017). And, the environmental behaviors, 
including deposition, retention and migration of 
plutonium are also important in the investigation of their 
potential hydrosphere contamination, and uptake by flora 
and fauna including human food chain, as well as the 
application as environmental tracers. A lot of such works 
have been done based on the soil samples word widely. 
However, the level, sources, distribution, and 
environmental behaviors of plutonium isotopes in the 
Qinghai-Tibet Plateau are still missing, where is far 
away from human activities, acts as the largest fresh 
water reservoir in Asia, and owns a unique and fragile 
eco-environment. Surface soil samples (0-5 cm) were 
collected at 65 sites for analyzing the 239Pu and 240Pu 
concentrations with the extraction chromatography 
method, and NH3/He as collision/reaction gases and 
MS/MS system in a triple quadrupole ICP-MS 
instrument were used for measurement (Xing et al., 
2018). As results, the 239,240Pu concentrations varied 
within 0.0176-1.95 Bg/kg (Fig. 1), falling into the range 
of background level (Hodge, et al., 1996), and the 
240Pu/239Pu atomic ratios were in the range of 0.146-
0.225, indicating a global fallout source of 239,240Pu 
without any contributions from nuclear fuel reprocessing 
plants, nuclear accidents, near nuclear weapons testing 
sites (Lop Nor and Semipalatinsk) and other nuclear 
facilities. The relatively high concentrations were mainly 
measured in mountainous region and pasture land with 
relatively higher soil organic content and less human 
activity disturbances, while low values were mainly 
measured in farm land, next to the road, as well as in the 
interior of plateau with low soil organic content. Based 
on the multiple linear regression model, organic content 
and human activity disturbances were identified as two 
key factors in influencing the distribution of plutonium 
in the studied area. A good retention of plutonium in 
surface soil was guaranteed by a higher soil organic 
content and free from human activities, while the 

precipitation rate, soil moisture content, altitude and 
topography do not affect the deposition and retention of 
plutonium in the studied area. 

 
Figure 1. 239,240Pu concentrations and 240Pu/239Pu atomic 

ratios in the Qinghai-Tibet Plateau 
 

This work was supported by the Chinese Academy of 
Science under grant XDB40000000. 
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The gamma radiations emitted from natural (238U, 232Th, 
and 40K) and anthropogenic (137Cs and 60Co) 
radionuclides, pose a severe health risk to the human 
kind by chronic dose uptake (Mueller et al., 2013). For 
high-precision measurements of gamma radiations, low 
background High Purity Germanium detectors (HPGe) 
play a crucial role in radioactivity investigations. The 
HPGe detectors with ultra-low intrinsic radioactive 
contamination contribute significantly less background 
to the spectrum (Joel et al., 2017). With this motivation, 
a low background measurement setup ILMI (IIT Ropar 
Low-background Measurement Infrastructure) is being 
developed at IIT Ropar in India by employing carbon 
fiber enclosed (0.9 mm) HPGe detectors. The prime 
objective of this setup is to study low-level radioactivity 
and quantification of environmental samples. After 
extensive characterization of the setup, ambient 
background data was acquired with and without lead 
shielding. Energy resolution of the setup is found to be 
1.73 keV at 1332.5 keV with relative efficiency of 
~36%. 
Analysis of normal background data has shown the 
presence of more than 100 gamma-lines originating from 
natural and artificial radionuclides, primarily from 40K, 
214Bi from 238U, and 228Ac of the 232Th decay chain. 
However, in the shielded setup, the integral background 
has been significantly reduced from 116 cps to 2 cps in 
the energy range 40-2700 keV. The background 
reduction achieved due to Pb-shielding has been 
compared with the data collected without shielding for 
major energy ranges shown in Table 1.  
 

Energy 
Range (keV) 

Without 
shield (cps)  

With shield 
(cps)  

200-1000 44.4 1.1 
1000-3000 7.6  0.5  

40-2700 116.2 2.0  
 
Table 1. A comparison of integrals of various energy 
ranges without and with lead (Pb) shield. 
 
Further, the peak-wise intensity reduction of major 
gamma-lines visible in unshielded setup has been 
compared with shielded setup. It has been found that 
most of the low, intermediate, and high energy peaks 
corresponding to natural radioactivity were significantly 
reduced except 511 keV. Highest activity from 40K has 
been attributed to the laboratory flooring. No 
contamination from 137Cs and 60Co was found in the 
shielded setup. In summed spectra of about a month, few 
uncommon gamma-lines have been identified in the 
shielded setup. These investigations suggest significant 
enhancement in the sensitivity of the setup which qualify 
it for the low-level radioactivity measurements. Typical 

one-day background gamma-ray spectra, without and 
with Pb shield, are shown in Figure 1.    

 
Figure 1. Comparison of spectra without (in red colour) 
and with Pb shield (in blue colour).   
 
The scope of future improvement in the existing setup 
will be discussed. In order to study the radio-
contamination in soil, soil samples collected from a 
10x10 meter matrix of a neutral land, not used for any 
anthropogenic activity for more than 10 years, have been 
characterized. To gain better insight of the radioactivity 
profile of soil samples, a comparison study of soil 
samples from neutral and vegetation land have also been 
conducted using the ILMI setup. The present nuclear 
measurements will be supported by mineralogical 
characterization of soil samples. Detailed results and 
analysis will be presented during the conference. 
 
This work is supported by the Ministry of Science & 
Technology in the framework of NM-ICPS. 
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In the United Arab Emirates (UAE), date palm (Phoenix 
dactylifera L.) cultivars occupy more than 390 km2 of 
land, and amount to annual produces of around 340 
kilotons, valued at 2 to 3 million AED. With about 40 
million trees of over 100 gene-varieties, UAE’s dates 

constitute 12% of the world’s total supply. Besides the 
fruits, its leaves, pits, wood, and other parts are also used 
for consumer products. Altogether, date palms make the 
main crop of the country, and holds high priority for 
radioecological studies in the agricultural ecosystem of 
the UAE. Radionuclide bio-transfer in the UAE’s dates 
have not been studied in detail and is the subject matter 
of this paper. At ENTC, a pilot project has been started 
with field sampling of dates, to document the farm 
practices, estimate local radionuclide concentration 
ratios (CR) from soil to plant, and improve 
understanding of the migration kinetics. 
 
Some past studies on the date fruits from UAE’s 
commercial producers have reported low activity 
concentrations of NORM radionuclides, with mean 
values ~0.66 Bq kg−1 for 226Ra (238U series), ~0.15 Bq 
kg−1 for 228Ra (232Th series), and 277 Bq kg−1 for 40K. 
Alongside, measurements of soil samples have 
concluded average activity concentrations of 238U as 17.8 
Bq kg−1, of 232Th as 5.2 Bq kg−1, and of 40K as 182 Bq 
kg−1. However, soil-to-plant CR estimates, in UAE-like 
arid localities are scarce or unavailable. To fill this gap, 
14 different date palms and their surrounding soils have 
been sampled from the Um al Naar – Sas al Nakhl region 
of the Abu Dhabi city, following the standard IAEA 
environmental sampling and monitoring guidelines. This 
activity is a running pilot project started in the summer 
of 2020. With mature fruits, the leaflets, leaf midriffs 
and barks of the trees have also been picked. 
Considering the lack of detailed knowledge for such 
tasks in the UAE, many aspects of work are careful 
alterations of similar measurements with fruits like 
apples and strawberries in Europe and elsewhere.  
 
For each tree, soil has been collected to an average depth 
of 22 cm, with 4-6 spots under the canopy, and mixed to 
make a composite sample. Soils are near-neutral, with 
average pH of about 7.5. Their organic matter content is 
between 1.8 to 2.8%, and moisture is 2 to 16% of the 

weight. They have been classified under the USDA 
texture class: sandy (with average sandy content of 
92.5%). All soil samples were dried, sieved and packed 
in 1 L tin cans. We have different varieties of date fruits 
in the experiment, as well as samples plucked at different 
Khalal or later growth stages. The fully ripe ones have 
moisture ranging from 24 to 34% of original wet 
weights. They were dried, milled, re-dried, crushed (to 2 
mm grain size) and packed in 1 L plastic bottles for 
gamma-spectrometry. Besides fruits, leaflets, i.e., the 
green parts without the midriff, have also been studied in 
the same manner. A 60% relative efficiency high-purity 
germanium detector has been employed for assaying of 
the NORM radionuclides in these samples. Early results 
have shown 40K from 204 to 343 Bq kg−1 in soil 
samples, and 75 to 301 Bq kg−1 in plant samples. For 
40K, in fruits, there is bioaccumulation with CR about 
148%, which is a result of heavy applications of 
fertilizers in the landscapes of Sas-al-Nakhl. The 40K CR 
for leaves is on the orders of 10%. The sequence of 
activity concentrations is soil > leaf > fruits, for 238U and 
232Th series. Quantification of low levels of these 
nuclides and their progenies in plant samples have often 
incurred relative standard deviations up to ~40%, and the 
concentration ratios are about 15%. 
 
As a first-of-its-kind work, we present here the 
development of a consistent and reproducible protocol 
for the baseline date-palm soil-to-plant CR 
measurements in Abu Dhabi, along with a detailed 
analyses of the activity concentrations and CR data 
measured in our experiments. Some essential 
correlations between soil characteristics and radionuclide 
transfers are established. We also outline the long-term 
program to create a database of radioecological 
parameters for the UAE agricultural crops. Such a 
database can be applied for other arid and semiarid 
regions around the world, and it will complete gaps of 
the existing Arid Data Base of the IAEA. 
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Exposure to indoor radon is universally established to be 
the second leading cause of lung cancer, and the leading 
cause of lung cancer among people who have never 
smoked (WHO, 2009). For this reason, in order to 
protect the population health, legislation authorities 
define a maximum acceptable level of indoor radon 
concentrations above whom the exposure to it may 
constitute a serious health risk. In Europe the ED 
59/2013/Euratom (Euratom, 2013) outlines a Reference 
Level  as 300 Bq/m3 based on the fact that 
epidemiological findings from residential studies 
demonstrate a statistically significant increase of lung 
cancer risk from prolonged exposure to indoor radon at 
levels of the order of 100 Bq m3.  
Recent studies also claim the occurrence of non-cancer 
effects, as cardiovascular and respiratory diseases, 
related to indoor radon exposure. 
Nevertheless, latest surveys (Lopes et al., 2021) show 
that the majority of the public seems still to ignore the 
Radon hazard and the associated health risks.  
So, the management of the indoor Radon risk should  
involve a comprehensive strategy for the assessing and 
reducing the exposure of the population to the Radon 
gas. Its assessment involves the radon testing and 
monitoring. On the other side, the reducing of the 
exposure requires mitigation and communication actions. 
The development of a strategy  for the radon assessment 
is crucial for decision makers since it allows to identify 
vulnerable areas requiring the use of  well-defined 
protection measures. 
In this context the definition of a methodology for early 
warning analysis, control of the indoor radon 
concentrations, and optimization of the solutions is a 
strategic task. Among the most common techniques for 
the analysis of exposure to polluting agents, the 
definition of indicators represents a very useful tool to 
easily describe the quality of an environment. Based on 
experimental measurements, the approach using 
indicators realizes a quantitative and qualitative picture 
of the ‘health status’ of the environment. For this reason, 
it is considered to be one of the most transparent and 
efficient tools to support decisions and actions for 
competent control authorities and to communicate with 
the public. 
This paper presents a general methodology for the radon 
assessment based on a set of three indicators describing 

the grade of the potential hazard from soils, building 
materials and indoor environment.  
Indicators express the radon potential in classes 
describing the different levels. For each class, the 
indicator is identified by a graphical colour to easily 
communicate the level and increase public awareness. 
Moreover,  appropriate protection measures are also 
indicated to provide effective solutions for the exposure 
reduction (Mancini et al., 2021).  

This work was supported by the University research 
grant FARB2020. 
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Abstract
This paper introduced the design principle and

structure of radon exhalation rate standard facility with
unconsolidated medium surfaces at the University of
South China. The activated carbon box-HPGe γ
spectrometry method was utilized to determination of the
radon exhalation rate of the facility. Moreover,
uniformity , short-term and long-term stability of the
facility were tested. The average radon exhalation rate
was (1.61±4.5% (k=1)) Bq·m-2·s-1 and the non-
uniformity was 14%.The short-term instability (1 week)
was 1.5%, and the long-term instability (5 years) was
2.5%.The radon exhalation rate is not affected by
temperature and humidity, but is negatively correlated
with the rise and fall of air pressure.Thus,this facility is
suitable for the test of radon exhalation rate
measurement methods and calibration of radon
exhalation rate measurement instruments.

Figure 1. Structure diagram of radon exhalation rate
facility

Figure 2. Measurement reference point of radon
exhalation rate facility
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 Mud-volcanoes (MV) are fissures or vent 
structures commonly found in many compressional 
sedimentary basins and their activities are often 
associated with active tectonic regimes. Previous 
researchers indicated spike in radiation level related to 
tectonic activities in the mud-volcanoes due to the 
overpressure generated at depth (Delisle et al., 2010). 
Present study was conducted in Piparo mud-volcano 
situated in the central part of Trinidad Island (Fig. 1). 
Activity in this MV is associated with the tectonic 
movement in the adjacent Central Fault Range (CFR), 
which is a strike-slip fault system extended as the eastern 
flank of the Andes Mountain chain. This fault range is 
reported to be active in present time (during Holocene) 
with a movement of geodetic rate of 9-15 mm/y. In a 
previous study, one of the present authors has reported 
elevated radiation level in the CFR (Banerjee and 
Baijoo, 2019).  
 Present study was aimed to detect the possible 
gamma radiation level in Piparo MV after its eruption in 
September 2019 and to find the change in the ambient 
radiation level after that eruption. To achieve this aim, 
gamma radiation data were collected at three successive 
stages; (a) just after the eruption (later referred as 0 
month), (b) 3 months and (c) 6 months after the 
explosion. Four circular profiles, centered around the 
main crater of the MV, were selected at 50m, 100m, 
200m and 400m radius. Furthermore, eight locations in 
each of these circular profiles were selected representing 
eight compass points (N, S, E, W, NW, NE, SE and SW) 
(Fig. 1). As a pilot study, gamma radiation 
measurements were measured with the help of a portable 
Geiger Muller counter from 32 locations in each of the 
three time frames.  
 Results from the three timeframes are illustrated 
as isorad maps (Fig. 2). Radiation levels were nearly 2-3 
times higher than the average background levels in the 
country. The correlations between 0- and 3-months, 0- 
and 6-months, and 3- and 6-months radiation levels 
showed strong positive values (>R2 = 0.9), while the 
correlation between 3- and 6-months was found highest 
among them. This indicates that these radioactivity 
values might be syngenetic. Radiation levels from the 
MV was reduced only by 13% over 6 months since the 
eruption in September, 2019. This may suggest that 
either the developed subsurface pressure is not fully 
released, or its activity is controlled by a creeping fault. 
Moreover, it can be noticed from the isorad maps that 
the radioactivity values were higher in the northern side 
of the main crater than the southern side (29% higher in 
0-month timeframe and around 34% during 3- and 6-
months timeframe). Previous studies reported that the 
northern side of the crater was more active and present 

study also supported their observation. Continuous 
release and slow reduction of radiation levels, over 6 
months, may suggest that Piparo MV is active and CRF 
is a creep fault rather than a locked fault. 
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The transfer of radionuclides from soil to plants 
determines the extent of the contamination, and 
consequently the risk of radioactive exposure of the 
population due to food intake. Within the agricultural 
scenario, the soil-plant transfer factor (Fv) is a crucial 
information for the evaluation of radiological risk due to 
food intake. This value, specific for each radionuclide 
and soil type, is defined as the ratio between the activity 
of a given radionuclide in the edible part of the plants 
and their activity in the soil. However, different types of 
soils, plants and levels of technology involved in 
agricultural production result in a large dispersion of 
measured Fv values for a given radionuclide and thus the 
use of generic Fv values may underestimate or 
overestimate risks. Radioecological studies indicated 
that, for a given radionuclide and a given group plant, 
some pedological parameters can explain the TF values. 
However, the extent and amplitude of action of such 
parameters remain unknown, for many radionuclides. In 
this work, artificial neural networks (a computational 
machine learning technique) is applied to evaluate the 
possibility of predicting Fv for 60Co in reference crop 
groups according to the pedological parameters. To 
accomplish that, 2 previous steps were necessary: 1) 
bibliographical revision in order to identify the 
pedological parameters indicative of the process of root 
absorption; 2) elaboration of a database containing Fv 
values obtained in several pedological scenarios and the 
indicators parameters. The first step of this work allowed 
to identify the following components affecting the 
bioavailability of cobalt for plants: Mn, Fe and Al 
oxides, organic matter, texture, pH, cation exchange 
capacity (CEC). Unfortunately, some of these properties 
are not always reported in the literature related to Fv for 
60Co. Despite of that, a database for 60Co Fv was able to 
be created for radish root. For this purpose, 3 soil 
parameters were used (pH, organic matter and cation 
exchange capacity) based in measured experimentally 
results reported in the literature. The neural network 
architectures used here were Multilayer Perceptrons with 
Rectified Linear Units (ReLU) as activation functions 
(Glorot et al. 2011). The neural networks were 
developed in Python language, using the Tensorflow 
library (Abadi et al, 2016). Several combinations of soil 
parameters were investigated in order to understand their 
influence on Fv and some neural network architectures 
were developed to this aim. Due to complexity of the 
search space, added to the small amount of available 
data, deep neural networks with regularization (dropout) 
layers were required, in order to achieve good prediction, 

avoiding overfitting. The best model obtained presented 
a correlation coefficient above 0.99 (Table 1) both in the 
validation and in the training set, when the three 
available soil parameters were used, demonstrating to be 
quite efficient in this task (Figure 1).  
 
Table 1 – RN-Raiz-3 training results 
 Training Validation 
MSE 0.0006 0.0001 
R2_Score 0.9996 0.9997 

 

 
Figure 1. Plot of real and predicted data 

 
The work progressed towards investigating the relevance 
of the soil parameters used, where it was found, for the 
case studied, that organic matter seems to have a smaller 
influence on the correlation for the prediction of the 60Co 
transfer factor, compared to CEC and pH. 

This work was supported by Conselho Nacional de 
Desenvolvimento Científico e Tecnológico (CNPq). 
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Radionuclide presence in underground waters must be 
kept under surveillance, given that they can be 
potentially used as drinking water. In the island of 
Mallorca (Spain), the Environmental Radioactivity 
Laboratory of the Balearic Islands performs surveillance 
of several radiometric parameters in drinking waters, in 
collaboration with the Spanish Nuclear Safety Council. 
Still, an exhaustive study of the underground water 
radioactivity levels in Mallorca has not been performed 
yet. The main goal of this work is to characterize the 
main radiological parameters of underground water in 
Mallorca, as well as to determine their correlation with 
other physicochemical properties.  
 
47 underground water 8 L samples were collected in 
2020 between July and September in different points 
scattered around Mallorca. Electrical conductivity and 
Ph were measured for each sample at their arrival to the 
laboratory. Gross alpha and gross beta indices were 
determined using co-precipitation and evaporation 
procedures respectively, using a LB4200 proportional 
counter. The presence of gamma emitters was detected 
performing a 24-hour measure with a Canberra GR5023 
gamma spectrometer. A determination of metals and 
anions (Zn, V, Pb, Ni, Mo, Mn, Cu, Co, Cr, Cd, Ba, B, 
Fe, Al, As, Ca, Mg, K, Na, Cl−, SO4−2 y NO−3) was also 
performed for all samples.  
 
 

Table 1. Gross alpha and gross beta values for the 47 
underground water samples. 

 
 
A descriptive statistical analysis was performed to 
characterize the dataset. After performing a Box-Cox 
transformation to ensure normality of all parameters, the 
correlation between all variables was computed using 
Pearson correlation coefficient.  
 
Among all 47 analysed samples, 13 were characterized 
by values above those stablished in the 2013/51 Euratom 
Directive, 9 of them have a gross alpha index above 100 
Bq/m3, and 7 of them have a gross beta index above 
1000 Bq/m3 (Table 1). 
  
Positive correlation with high salt concentration is 
observed (figure 1), with might be related to the 

behaviour of the karstic bedrock and seawater intrusions 
into underground water wells.  
 

 
Figure 1. Correlation matrix for all considered 

parameters. Pearson’s correlation coefficient is used to 
quantify all correlations. 

 
 
In this study, the presence of radionuclides in 
underground waters in Mallorca has been analysed for 
the first time, allowing to report the actual activity of 
several natural emitters as well as their potential 
correlation to several physicochemical parameters.  
 
 
The authors acknowledge financial support from the 
Comunitat Autonoma de les Illes Balears through the 
Direcció General de Política Universitaria i Recerca with 
funds from the Tourist Stay Tax Law (PRD2018/45). 
We acknowledge the cooperation of EMAYA (Empresa 
Municipal d’Aigues) to allow us to obtain several 

samples in Palma de Mallorca. 

 α (Bq/m3)  β (Bq/m3) 
Mean 86 471 

Maximum 
Minimum 

440 
17 

2725 
57 
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Over the past years, the number of studies that examined 
radioactive decay rate changes increased. This paper 
presents a controversial radioactivity topic that may 
affect many aspects of scientific research. The first 
evidence of decay rate changes due to solar flare events 
that led to neutrino flux rise was found by our group 
with Am-241 radioactive nuclide in 2019 (Walg et al., 
2019). When we examined Rn-222 radioactive nuclide, 
we found that the decay rate change due to solar flare is 
also affected and detected after several hours (Walg et 
al., 2020).  
The research goal in this study was to examine 
additional naturally occurring radioactive materials and 
investigate their decay rate changes due to solar flares 
events.   
We have set an experimental counting detector system to 
measure gamma radiation from natural radioactive 
Thorium gamma emission. The system consists of 2” by 

2” NaI (Tl) detector sealed and shielded with 5 cm lead 

at an environmentally controlled laboratory. Gamma 
counts were collected and registered every 15 minutes.  
We summarized our results for Rn-222 and Thorium in 
Table 1. The count rate of each radioactive source 
decreased due to solar flare events, presented as a 
percentage of dip. The solar flare events magnitude 
range is also listed in Table 1.  
 

Table 1. Summary of detected count-rate dips resulted 
by solar-flares (S.F.) for each radionuclide. The S.F. 
intensity range is given in units of X-rays power per 

surface.   
 

  
 
As our measurements indicated, a radioactive nuclide 
can be affected by order of magnitude neutrino flux 
change from the sun during the solar flare, showing 
several shreds of evidence of radiation count rate dips 
over time in Rn-222 and Thorium.  
 
   
  
 

 
 
 
Walg J., Rodniansky A. and Orion I. 2019, “Evidence of 

Neutrino Flux effect on Alpha Emission Radioactive 
Half-Life”, 7th Annual International Conference on 

Physics, 22-25 July 2019, Athens, Greece.  
Walg J., Rodniansky A. and Orion I. 2020, Solar Flare 

Detection Method using Rn-222 Radioactive Source, 
GSC Advanced Research and Reviews, 05(02), 159–

166. 
 

Radio- 
nuclide 

Range of 
S.F.  

(nW.m-2)   

Count-rate 
decrease range 

  
222Rn 610-9900 0.21-0.47% 

Thorium 580-39000 0.69-1.43% 
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With the recent commissioning of the Barakah Nuclear 
Power Plant in Abu Dhabi, UAE, and the increasing 
adoption of nuclear power programmes in the Arab 
world, there is an urgency for the development of an 
environmental decision-making support system (EDSS) 
for the nation. Little to no relevant work has been done 
for arid regions, especially for the UAE, in estimation of 
radionuclide transport dynamics in the environment. To 
kickstart the radiological environment impact assessment 
(REIA), it was necessary to conduct field experiments to 
arrive at the first estimates of radioecological transfer 
parameters required to develop risk assessment models. 
A major pathway of radionuclides via food to humans 
begins with their uptake through roots by plants. Root 
uptake transfer factors (TF) are key pre-requisites to 
better estimate contamination levels in the relevant 
media and depend on several factors including soil and 
plant type, climate, and the type of nuclides. There is 
currently no established protocol for determining soil-to-
plant TF values in the UAE. Therefore, an extensive, 
multi-stage pilot root uptake experiment is performed at 
ENTC to estimate local TF values and standardize the 
controlled experimentation protocol(s). 
 
A preliminary trial was conducted in the summer of 
2019, to study the root uptake of stable isotopes of 
caesium and strontium in six local desert plants. These 
isotopes (88Sr and 133Cs) are analogues for long-lived 
fallout radionuclides (90Sr and 137Cs, respectively). They 
are assumed to exhibit the same transfer kinetics as their 
radioactive counterparts. Their background levels in 
UAE’s soil and atmosphere are negligible, and so, 
contamination scenarios are deliberately simulated in our 
experiments. The plants were grown with spiked 
irrigation water, equivalent to 1 molar nitrate aqueous 
solutions of Sr and Cs. Sampling of leaves was carried 
out over a period of 8 weeks. The leaves were multi-acid 
digested and analysed with plasma mass spectrometry. 
Plant uptake concentrations of both elements increased 
with time, reaching between 293 to 1050 ppb for 88Sr, 
and 1.3 to 537 ppb for 133Cs.  
 
To improve the accuracy and local representativeness of 
the experiment, a successive study was planned. The 
characteristics of the soil, climate, local biodiversity, 
agricultural and pastoral practices, as well as dietary 
habits of the population were considered for the second 
batch of plantations. Most UAE soils have only limited 
suitability for agriculture due to high salinity. 

Torripsamments (75% of UAE), also known as sweet 
sand, is a red sandy desert soil enriched with minerals 
and used with bio-compost to increase the fertility and 
water retention capacity in agricultural soils and thus 
yield of crops. Some of the most locally produced 
agricultural vegetable crops namely, tomatoes, 
cucumbers, and eggplants, were cultivated outdoors and 
measured. They were potted in a prepared mix of sweet 
sand, bio-compost, and NPK fertilizers (representative of 
local agricultural practices) and irrigated daily for 20 
weeks with distilled water for the control group and with 
prepared solutions of Sr(NO3)2 and Cs(NO3) 
respectively, for the experimental group. Soil, leaves, 
and fruits were sampled on a biweekly basis. All plants 
were sampled in their entirety, to conclude the 
experiment. Samples were prepared for plasma mass 
spectrometry following standard practices, as per 
IAEA’s TRS 486. A triple-quad ICP-MS (Perkin Elmer 
NexION 2000) was used in the KED mode for the 
elemental measurements. This paper presents the 
procedural details, and the TF values as determined by 
the ratio of concentrations in the vegetables & leaves to 
that in the soil. This substantiated protocol will be 
extended in the future to other agricultural crops and 
desert plants and in a larger scale experiment with 
radionuclide spiking. 
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Soil is known to be the major environmental 

component that is exposed to contamination during 
nuclear tests. Soil accumulates and preserves all 
ecosystem contaminants including man-made 
radionuclides. Therefore, research into the content and 
distribution of radionuclides in soils of the former 
Semipalatinsk Test Site (STS) allow predictive values to 
be obtained to characterize migration features of 
radionuclides in soil cover. The nature of vertical 
distribution of radionuclides in different STS areas must 
be taken into account when developing rehabilitation 
methods for radioactively contaminated areas.  

Research into features of vertical distribution of 
radionuclides in soils of the former Semipalatinsk Test 
Site was undertaken in areas of different nature of 
contamination with radionuclides, namely, at venues of  
aboveground tests of nuclear and fusion weapons at 
‘Experimental Field’ site, in fallout plumes, at places 
radiological warfare agents were tested at ‘4А’, site, in 
meadow soils of ecosystems associated with 
radioactively contaminated water streams flowing out of  
test adits at ‘Degelen’ testing site and in conventionally 
‘background’ areas beyond other testing sites.  

Soil was sampled in these areas layerwise.  
Overall, differences were noted in the nature of 

vertical distribution of radionuclides in soils of these 
areas. These differences are related to both test features 
and presence of additional factors (anthropogenic 
activities, moisture regime, soil characteristics and 
others). For instance, in conditions of the arid zone, 

without soil being additionally moistened, the highest 
content of man-made radionuclides is concentrated in 
surface 0-5, 5-10 cm horizons. In the vertical soil profile 
at places of radiological warfare agent tests, two zones 
with various mechanisms of vertical distribution of 
radionuclides were identified. The first zone – the depth 
at which radionuclides are initially spread when a 
radioactive liquid is poured into local points once at the 
moment of testing and further washout of ‘recent’ 

deposition by precipitation deep down soil to a certain 
soil horizon. The second zone – a zone in which 
radionuclides are spread as usual. Man-made 
disturbances in soil cover, which accompanied nuclear 
tests and preparatory activities, can upset the general 
regularity of radionuclide distribution in the soil profile. 
In conditions of additional soil moistening due to the 
slope runoff or ground water, man-made radionuclides 
are noted to migrate intensively, in particular, 90Sr as the 
most soluble and mobile. 

Radionuclides in conventionally ‘background’ 

areas of STS are concentrated in topsoil and are mostly 
detected as deep as 15-20 cm. The 0-5 cm layer contains 
about 89 % of 137Cs, 77 % of 90Sr, 92 %, of 241Am and 94 
% of 239+240Pu. This value for the 0-10 cm layer is 95 %, 
87 %, 96 % and 98 %, respectively. 

The report was prepared as part of the Grant 
Funding Project AP08856225 Development of a 
technology to remediate radioactively contaminated 
territories of Semipalatinsk Test Site’ under the Ministry 

of Education and Science of the Republic of Kazakhstan  
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During 1950-60s of the last century, radiological warfare 
agents (RWA) were tested in the territory of 
Semipalatinsk Test Site. Tests were conducted at 2 
dedicated sites – ‘4' and ‘4а’. RWA represented liquid 
and powder-like radioactive waste by nuclear industry as 
well as products obtained after exposure of special 
samples in the industrial reactor. Earlier research showed 
that the penetration depth of artificial radionuclides 
(ARN) at local spots can be 0-60 cm and deeper. 
Research into the vertical distribution of ARN speciation 
in nuclear industry waste in steppe natural conditions 
was undertaken for the first time. Research is of great 
scientific interest. Research findings can be useful for 
predicting progression of radioecological situations in 
case of accidents and incidents related to liquid 
radioactive waste (LRW) as well as for remediation 
purposes. 
 Two areas No. 17 and No. 22 were selected at 
‘4а’ site as research object. Soil was sampled layerwise 
down to 30 cm with a 5 cm spacing. 
 Vertical distributions of gamma-emitting 137Cs, 
241Am is given in the table. 
 

Table 1. Vertical distributions of 137Cs, 241Am 

In area 22, the maximum content of radionuclides is 
noted at 20 cm deep. In area 17 – the one in a 5 cm 
topsoil. Penetration of the bulk of contamination at a 
depth in area 22 may have resulted from remediation 
activities or from diffusive-convective transfer of 
radionuclides. 

  

 
Figure 1. Vertical distributions of 137Cs, 241Am 

speciation 
 Vertical distribution of the acid-soluble form of 
137Cs in area 22 is uniform. The maximum content of the 
exchangeable form (13.1%) of 137Cs is noted in the 5-
centimeter topsoil. For the water-soluble form, the 
maximum (0.26%) was noted in the 0-5 cm topsoil and 
20-25 cm deep (0.18%) beneath the layer of the highest 
content of ARN. The maximum content of the acid-
soluble form of 241Am in area 17, in which the content of 
ARN increases with depth, was detected in the 0-5 cm 
topsoil (43%) and further on it sharply decreases up to 
90-94% to the lowest layer with peaks (94%) in the 10-
15 cm and 15-20 cm layers. In area 22, in which a 
gradual decrease in ARN activity concentrations was 
registered in the soil profile, vice versa, the maximum 
fate of the acid-soluble form was noted in the 0-5 cm 
topsoil (91%), further on a gradual decrease to less than 
55% and then again an insignificant increase up to 66% 
in the 25-35 cm layer. Thus, features of vertical 
distributions of artificial 137Cs and 241Am speciation that 
entered the soil cover in RWA more than 60 years ago 
were established. The maximum content of the 
exchangeable form of 137Cs was noted in the 5-10 and 
20-25 cm layers. The highest mobility of 241Am isotope 
is noted in soil layers defined by the peak activity 
concentration of this radionuclide in soil. 
 Research findings on variations of physical-
chemical soil parameters at a depth will help better 
understand distribution regularities of ARN speciation of 
RWA deep down the soil profile. 

The report was prepared as part of the Project 
AP08856225 ‘Development of a remediation technology 

for radioactively contaminated areas at Semipalatinsk 
Test Site’ on Grant Funding supported by the Ministry of 
Education and Science of the Republic of Kazakhstan. 

Depth, cm 137Cs, Bq/kg 
241Am, 
Bq/kg 

Area 22 
0-5 4,0·103±0,8·103 63±13 

5-10 1,1·104±0,2·104 200±40 
10-15 2,0·104±0,4·104 390±80 
15-20 3,2·104±0,6·104 570±110 
20-25 1,4·104±0,3·104 240±50 
25-30 430±90 <7 

Area 17 
0-5 79±15 320±65 

5-10 17±3 67±13 
10-15 <9 19±7 
15-20 <5 21±5 
20-25 <4 <5 
25-30 <2,0 <8 
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In China, levels and isotopic ratios of Pu in surface soils 
have been widely reported in recent years while data 
were scattered. With the rapid development of nuclear 
industry and the deduced research interest on 
environmental radioactivity, it is important to construct a 
general picture on the distribution of Pu across the 
country. To access to that, published works regarding Pu 
in surface soils were reviewed and documented data 
were compiled and re-processed. Three sources of Pu in 
Chinese soils could be distinguished, i.e. the global 
fallout, the CNT and the Semipalatinsk nuclear tests. 
Among them the global fallout is the dominant source 
while the influence of other two sources were regional. 
With regard to their own extents, data were 
geographically divided into two regions and then 
processed. Areas to the northwest of Xining, a city in 
Gansu Provinces were referred to as Sin region while the 
other parts of China were referred to as Sout region.  

For 240Pu/239Pu atom ratio, a referential mean of global 
fallout was obtained to be 0.183 ± 0.016 (1 sig) with 
samples over Sout region; and being compared to that, the 
ratios over Sin region turned to be lower due to the other 
two regional sources showing a mean of 0.171 ± 0.012 
(1 std) among samples collected up to now. 239+240Pu 
concentrations were below 1.3 and 2.662 mBq g-1 for 
Sout and Sin region respectively, but both followed a 
highly positive skewed distribution that’s close to the 
lognormal distribution. 
 
 
This work was supported by the National Natural 
Science Foundation of China (No.11775009)   
Research under grant AB/001. 
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238U (t1/2=4.47×109a), 235U (t1/2=7.04×108 a), and 234U 
(t1/2=2.45×105 a) are natural isotopes and most important 
isotopes of uranium. Due to their wide utilization, long 
half-life and high chemotoxicity, study on the distribution, 
sources and migration of uranium in soil environment is 
of great significance for many aspects such as soil 
environmental protection and nuclear environmental 
safety assessment (Wang et al., 2021). In total 132 surface 
soil samples (0-5cm) were collected from Northeast 
China. The ground and homogenized soil was completely 
dissolved using mixed acids. Uranium was separated from 
the sample matrix by extraction chromatography using 
UTEVA resin, and uranium isotopes in the separated 
sample were then measured by a triple quadrupole 
Inductively Coupled Plasma Mass Spectrometry (ICP-
MS/MS) to learn the sources and transmission of 238U, 
235U, 234U in surface soil of the study area.  

The source analysis showed that uranium isotopes in 
surface soil were dominated by rock weathering, human 
industrial and agricultural activities also contributed 
moderately in some areas including coal mining and the 
use of phosphate fertilizers, etc. The retention of uranium 
in soil in study area is mainly affected by organic matter 
content. As for 235U, atmospheric deposition released by 
human nuclear activities is also another important source 
in soil in study area because the level of 235U/238U 
abundance ratios in the surface soils in west side of 
Greater Khingan Mountain were relatively higher than 
other places (Figure 1). An obvious regional deposition of 
enriched uranium in the windward slope of the mountain 
on account of excessive fallout of human nuclear 
activities caused by environmental factors. Obvious 
isotope fractionations of 234U were observed in some soil 
samples indicated by the increased 234U/238U activity 
ratios (Figure 2) which is mainly attributed to the 
topography and river transport (Dosseto et al., 2008). It is 
found that 234U/238U activity ratios in mountain land is 
significantly different from that in other regions including 
plains and plateaus and the mean ratio in mountain land is 
higher than that in other regions. The degree of 
weathering is mainly influenced by topography which 
influences the relative enrichment or loss of 234U 
compared to 238U. 234U/238U activity ratios in surface soils 
increase from upstream to downstream in a small-scale 
mountain or plain were observed in basins of Mudan 
River and Nen River. Owing to the existence various 
types of water, the water of rivers with enriched 234U is 
further penetrates into the soil environment. With greater 

surface runoff, more uranium with enriched 234U enters 
the soil. 

 
Figure 1. Spatial distribution of 235U/238U atomic ratios 

in surface soil samples in study area. 

 
Figure 2. Spatial distribution of 234U/238U activity ratios 

in surface soil samples in study area. 
 
This work was supported by Chinese Academy of 
Sciences (132B61KYSB20180003) and the Ministry of 
Science and Technology of China (2015FY110800). 
 
Wang, J., Qiang, S., Wang, Y., Wu, W., Li, P., Qin, H., 
& Fan, Q. 2021. Adsorption of U(VI) on the natural soil 
around a very low-level waste repository. Journal of 
Environmental Radioactivity, 233, 106619. 
Dosseto, A., Bourdon, B.,  Turner, S. P. 2008. Uranium-
series isotopes in river materials: Insights into the 
timescales of erosion and sediment transport. Earth and 
Planetary Science Letters, 265(1-2), 1-17. 
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There are 4 largest testing sites at Semipalatinsk Test 
Site (STS). One of those is ‘Sary-Uzen’ site. This site 

was mainly designed to conduct underground nuclear 
tests in boreholes at depths to 400-500 meters as well. 
All underground tests that were conducted can be 
divided into 2 main groups: camouflet nuclear 
explosions (explosions of internal action) and soil 
ejection nuclear explosions (explosions of external 
action). Soil ejection explosion (SEE) is an underground 
explosion of external action during which a large crater 
of ejected soil is produced. Camouflet explosions, in 
turn, can be of complete internal action (complete 
camouflet explosion (CCE)) and of incomplete internal 
action incomplete camouflet explosion (ICE)). However, 
during the test, ICE with a radiological emergency is 
possible (ICE-RE).  
In total, according to official data, 24 nuclear tests in 25 
boreholes were conducted at the site (the difference in 
the number is due to conducting a group test in boreholes 
No.No. 109 and 2803), of which 7 were used for CCE, 
17 – ICE (of these, in 3 - ICE-RE) and in 1 – SEE. In the 
course of survey, some discrepancies with historical data 
were found. For instance, besides 25 boreholes, 3 more 
were discovered: X-2, X-3, X-4. This suggested that in 
these boreholes a CCE was conducted. Thus, altogether, 
there are 28 test boreholes in the territory of “Sary-Uzen’ 

site. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

When comparing literature data with survey findings, a 
number of differences were found. Radioactive 
contamination was detected at boreholes No.No. 104, 
106 and 107. Concerning borehole No. 104, this may be 
due to soil subsidence around it producing a crack, 
which caused a release of some of radioactive material. 
This is confirmed by the fact that a large sinkhole of 
~100 m and 10 m deep currently exists at the borehole 
head. As to boreholes No.No. 106 and 107, 
postexplosion relief changes are now insignificant. 
Therefore, one can assume that tests in these boreholes 
were erroneously defined as CCE, and as a matter of fact 
were ICE. When comparing literature data with the 
results of individual surveys In addition, a crater was 
found to exist indeed near borehole No. 125, in which 
according to literature sources, an ICE was conducted. 
Based upon survey findings, it was found that 
radioactive contamination in the study area was caused 
by conducting ICE, RE or SEE as underground nuclear 
tests in boreholes. Besides, values of activity 
concentrations are: for 241Am – up to n·105 Bq/kg, for 
137Cs - up to n·104 Bq/kg, for 239+240Pu – up to n·106 
Bq/kg, for 90Sr – n·104 Bq/kg, for 152Eu – up to n·103 
Bq/kg. 
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Assessment of radioactive contamination of plant 
cover is one of crucial stages in radioecological activities 
because plants are the integral part of food chain ‘soil-
plant-animal-man’. A controlling parameter in this case 
is activity concentration of a radionuclide in the 
aboveground parts of plants, which is determinable by 
direct measurements or calculable based upon activity 
concentration of radionuclides in soil. For a quantitative 
assessment of the uptake of radionuclides from soil to 
plants, one of the most common parameters is used – a 
transfer factor (Tf) – the ratio of the content of a 
radionuclide in plant and soil unit mass. 

Taking into account a large area of Semipalatinsk 
Test Site (STS), which is 18,300 km2, it is more cost-
effective to use Tf for assessing radioactive 
contamination of plant cover. Proceeding from the nature 
of processes running in nuclear testing or in tests using 
radioactive substances that attributed to the nature of 
radioactive contamination in different STS areas, one 
can assume that Tf for these may vary significantly. To 
obtain valid Tf values for radionuclides of all STS areas, 
research into these should take into account types of tests 
conducted and mechanisms of how radioactive 
contamination was formed. Due to unavailable high values 
of activity concentration of radionuclides (especially in 
plants), determination of Tf for conventionally 
‘background’ STS areas is a real challenge that did become 

the goal of this work. 
Field activities included duplicate soil and plant 

sampling. 137Cs and 241Am activity concentrations were 
determined with a gamma-spectrometer Canberra GX- 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2020, those of 90Sr and 239+240Pu – by radiochemical 
isolation followed by measurements with a beta-
spectrometer TRI-CARB 2900 TR and an alpha-
spectrometer Canberra (mod. 7401), respectively. 
Concentrations of radionuclides in plants were 
determined in ash followed by conversion to dry matter. 
Detection limit for 137Cs was 1 Bq/kg (for plant samples) 
and 4 Bq/k (for soil samples), the one for 241Am – 0.02 
Bq/kg and 0.5 Bq/kg, for 239+240Pu – 0.1 Bq/kg and 1 
Bq/kg, for 90Sr – 1 Bq/kg and 5 Bq/kg, respectively. The 
bias for 137Cs and 241Am did not exceed 10-20 %, the one 
for 90Sr – 15-25 %, for 239+240Pu – 30%. 

Based upon research findings, Tf for 
conventionally ‘background’ STS areas were derived for 

137Cs, 90Sr and 239+240Pu. Values of 241Am Tf failed to be 
determined because of unavailable quantitative values of 
activity concentration of this radionuclide in plants. 
Overall, the range of Tf values for 137Cs was found to 
vary up to 2 orders of magnitude, the one for 90Sr and 
239+240Pu reaches 3 orders of magnitude. A descending 
series of radionuclides by their ability to be accumulated 
by plants appears as follows: 90Sr Tf > 137Cs Tf > 
239+240Pu Tf. Values of 90Sr Tf on average exceed those 
of 137Cs and 239+240Pu by 8.3 and 13 times, respectively. 
137Cs, 90Sr and 239+240Pu Tf for conventionally 
‘background’ STS areas are generally thought to be 
geometric means (GM) – 90Sr Tf = 0.25; 137Cs 
Tf = 0.030; 239+240Pu Tf = 0.019. Tf determined are 
usable to assess radioactive contamination of plant cover 
in the study area. 
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Mosses can be used as a biological indicator to study 
regional climate characteristics and regional air pollution, 
such as heavy metals and radionuclides. In this study, 
The samples of mosses and the underlying soil in 
Tiankeng of Leye County,Guangxi were analyzed. The 
activity of radionuclides (239+240Pu, 7Be, 137Cs, 40K, 238U, 
232Th, 226Ra, 210Pb) and the concentrations of heavy 
metals (Fe, Cu, Pb, Cd, Cr, Ni, Zn) were measured, as 
well as their sources were analyzed. 
 

 
 

Figure 1. Graphical abstract 
 

The concentrations of heavy metals in the samples were 
relatively low, which is related to the low level of 
industrialization and human activities. The average 
activity of 7Be in the moss samples collected in 
September was 453.0±15.1Bq/kg, and the spatial 
distribution of 7Be was not uniform, indicating that it 
was closely related to the uniqueness of Tiankeng and 
local climate (rainfall precipitation, temperature, 
humidity). The results of principal component analysis 
and Pearson correlation analysis showed that 7Be and 
210Pb were derived from air composition, but belonged to 
different atmospheric deposition. The correlation of 
137Cs, 40K, 238U, 232Th and 226Ra is significant, which is 
caused by soil and dust settlement. Anthropogenic 
radionuclides 137Cs (activity range in moss: 0-2.3± 
0.4Bq/kg; activity range in soil: 4.0±0.2Bq/kg -
11.9±0.3Bq/kg).  
 
 

 

 
 

Figure 2. Activity of 7Be, 137Cs, 40K, 238U, 232Th, 226Ra 
and 210Pb in mosses and the underlying soils. The bars 
represent the content of radionuclides in the underlying 

soil, and the line graphs represent the content of 
radionuclides in the mosses. 

 
The measurement of 239+240Pu is in progress, and we also 
hope that these subsequent data can be used to detect the 
pollution degree of Pu in the environment. 
 

This work was supported by the National Natural 
Science Foundationof China (Grant Nos. 
11665006，41773004 and 12175046). 
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Accumulation of natural and anthro pogenic 
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of mosses. Environ. Sci. Pollut. Res. 26 , 27, 27872–
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In recent years, with the development of measurement 
technology, the research of plutonium has been paid 
more attention. Three soil core samples were collected 
from Lao-Ye Mountain and analyzed to reveal the 
distribution and migration of plutonium isotopes,137Cs in 
grassland of Chang-Bai Mountain area. 
  

 
Figure 1. Vertical distribution of 239+240Pu in Lao-Ye-

Ling Mountain 
 
The 239+240Pu concentrations in Z1, Z2 and Z3 soil cores 
ranged from 0.052±0.005 to 2.628±0.052Bq/kg. The 
concentrations of 137Cs in three cores ranged from 
0.019±0.031 to 54.855±1.071Bq/kg. 240Pu/239Pu atom 
ratios were in the range of 0.161-0.180, indicating that 
the plutonium in research area mainly comes from global 
fallout. 137Cs/239+240Pu atom ratios in surface soil samples 
were 18.256 - 19.977, with an average of 18.524, which 
were good agreement with global fallout. The peaks of 
plutonium and 137Cs appeared at the same depth, and the 
migration rates were close to zero. The convective 
dispersion coefficients of plutonium were 0.135±0.023, 
0.096±0.003, 0.094±0.003cm2/y, respectively, calculated 
by the convection-dispersion equation model. The linear 
fitting between the organic matter and plutonium showed 
that plutonium and organic matter have a high 
correlation coefficient.  
Oxides, climate, rainfall and the content of organic 
matter have significant effects on plutonium. The 
specific adsorption of organic matter on plutonium is an 
important factor, which causes plutonium to be mainly 
distributed in the surface soil.  
 
 
 
 
 

 
Table 1. Migration coefficient of plutonium in three core 
samples. (Where a is the apparent dispersion coefficient 
of radionuclide showing adsorption to soil particles; b is 
the migration rate of plutonium in the soil) 
 

Sample Da(cm2/y) vb(cm/y) 
Z1 0.135± 0.024 0.0015± 0.001 
Z2 0.096± 0.001 0.0195± 0.002 
Z3 0.095± 0.002 0.0010± 0.004 

 

 
 

Figure 2. CDE model fitting curve of 239+240Pu 
concentrations of Lao-Ye-Ling Mountain soil cores 
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The Antarctic area is considered to be the least 
contaminated in the world due to location and separation 
of this continent as well as that in accordance with the 
provision of the Antarctic Treaty System, it is prohibited 
to conduct any activities with nuclear materials such as 
nuclear weapons tests or storing radioactive materials. 
Nonetheless, Antarctica is not free from radioactive 
pollutions created in other parts of the world. 
 Despite research projects conducted previously in 
Antarctic area, knowledge about contemporary activity 
concentration of natural and artificial radioactive 
isotopes in atmosphere of Antarctic Circle region is still 
incomplete. Therefore our current research project is 
focused on determination of activity concentration of 
both natural and anthropogenic gamma-rays emitting 
isotopes occurring in atmosphere aerosol samples 
collected in the period of 28.01.2005 to 19.05.2006 in 
Marambio Base (64°14’S, 56°37’W) located on 
Seymour Island near Antarctic Peninsula’s coastline. 
The research material consist of over 120 air aerosols 
samples and the sampling was performed with glass fibre 
air filters with 240 mm diameter with an average flow 
rate circa 225 m3/h. Collected material is highly valuable 
as well as quite rare hence provides opportunity of 
assessment of concentration of both natural and 
anthropogenic radionuclides, which could be possibly 
present in ground level air in Antarctica.  Additionally, 
the achieved 210Pb content values were compared with 
data obtained from Aboa Station where 210Pb origin was 
examined. Analysis of transport routes of air masses was 
performed using back-trajectories calculated with 
NOAA HYSPLIT4 trajectory model (Draxler and Hess, 
1998, Virkkula et al., 2006). 
 Prior gamma-spectrometric measurements of 
filter samples from Marambio Base, a chemical 
mineralization process was carried out, which allowed to 
reduce their volume, thus enabling the preparation of 
samples in appropriate measurement geometry 

 Prepared samples were measured by means of 
low-background, digital gamma-rays spectrometer 
equipped with germanium detector (Broad Energy 
Germanium - BEGe, BE 5030) by Canberra and five 
plastic scintillation detectors (type EJ-200) manufactured 
by SCIONIX, which are mounted to the lead walls 
surrounding germanium detector, and play a role of 
additional active shield. The passive shield is a cube with 

15 cm thick lead walls (inner 5 cm is made of 2500 years 
old Pb) with cadmium, electrolytic copper and acrylic 
organic glass, flushed by liquid nitrogen vapours. 
 Acquisition of the experimental data is performed 
with 8 inputs digitizer CAEN DT5725. As a result of 
performed measurements, output files, that consist of 
information about energy and time stamps of incoming 
pulses for each of detectors separately are generated. 
During off-line studies of obtained data, number of logic 
filters may be applied in order to investigate 
coincidences between different digitizer's channels. 
However, primary goal of such analyses is to prepare 
anticoincidence spectra which allow to notably reduce 
background of the spectrometer (about 64%) and, in 
consequence, obtain improved detection limits. Such 
investigations are performed by means of dedicated 
software. Moreover, this computer code allows testing 
time-differences between detectors in order to estimate 
their mutual delays what is crucial in establishing 
coincidence windows’ length (Gorzkiewicz et al., 2019).   
 
 
Gorzkiewicz K. et al., 2019, Low-background, digital 
gamma-ray spectrometer with BEGe detector and active 
shield: commissioning, optimisation and software 
development. J Radioanal Nucl Chem 322, 1311–1321, 
https://doi.org/10.1007/s10967-019-06853-7 
 
Draxler, R. R., Hess G. D., 1998, An overview of the 
HYSPLIT4 modelling system for trajectories, dispersion 
and deposition, Aust. Meteorol. Mag., 47, 295–308. 
 
Virkkula A. et al., 2006, Chemical composition of 
boundary layer aerosol over the AtlanticOcean and at an 
Antarctic site. Atmospheric Chemistry and Physics; 6: 
3407-3421. 
 
 
 
 
 
 

088



 
 

 
 

Analysis of 238U, 226Ra and 210Pb transfer factors form soil to the leaves of broadleaf tree 
species 

 
I. Vukašinović1 

 
1Faculty of Agriculture, University of Belgrade, 11080 Belgrade, Serbia  

Keywords: natural radionuclides, soil-to-leaves transfer factors, broadleaf trees.      
Presenting author email: ivanavu@agrif.bg.ac.rs 

 
The analysis of 238U, 226Ra and 210Pb transfer factors 
(TFs) from soil to the mature leaves of broadleaf trees 
was done by using available data from a few published 
studies performed at sites modified by uranium presence 
for Quercus pyrenaica, Quercus ilex rotundifolia, 
Populus sp. (Charro and Moyano 2017), Eucalyptus 
botryoides Sm. (Galhardi et al. 2017) and Quercus ilex, 
Quercus suber, Eucalyptus camaldulensis (Blanco 
Rodriguez et al. 2010) and at site of background 
radioactivity level for Tilia spp. and Aesculus 
hippocastanum L. (Vukašinović et al. 2019). Activity 
concentration datasets for 238U, 226Ra and 210Pb in soil in 
the range (Bqkg-1): 22–6606 (n=15), 38–7700 (n=14) 
and 37–7500 (n=14), respectively and in the leaves 
(Bqkg-1): <mdc–138 (n=10), 2.6–134 (n=14) and 27–77 
(n=14), respectively indicated no significant departure 
from normality after log-transformation. Values of 
measured basic soil parameters of pH, total Ca, 
percentages of sand fraction and silt+clay fraction could 
also be retrieved.  
   

 
Figure 1. The predicted TF values vs measured TF 
values for 226Ra from soil to the leaves of examined 

broadleaf species. 
 
It was examined whether there were any differences 
between soil-to-leaves TFs found at affected sites 
compared to the background site. Differences at the 95% 
confidence level were not found between TF values for 
238U and 226Ra, while 210Pb TFs were found significantly 
higher at background site. Additionally, prediction of 
238U, 226Ra (Figure 1) and 210Pb TF values was 
performed based on the available data using multiple 
linear regression. Results indicated that differences 
between examined broadleaf species had lesser influence 
on transfer of investigated radionuclides from soil to tree 

leaves compared to the impact of basic soil parameters, 
especially activity concentrations in soil. 

The research was supported by The Ministry of 
Education, Science, and Technological 
Development of the Republic of Serbia (Grant No. 
451–03–9/2021–14/200116). 
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 Coal plays a very important role in the global 
energy scene. It’s the most abundant and accessible 
source of fossil fuel (Cevik et al., 2007). It contains 
naturally occurring radionuclides, arising from the 
uranium and thorium series as well as 40K. During coal 
combustion, gaseous and particulate forms are emitted 
and they include naturally occurring radionuclides. After 
that, these radioisotopes are discharged to the 
environment, where they are accumulated, enhancing the 
radiation exposure of the population (Papastefanou, 
1996). 
 The combustion of coal affects not only the 
surrounding area, but all the organisms that are living 
around the coal fired power plants. Both miners and the 
general population of the nearby areas confront a health 
risk due to the exposure to natural radiation. Based on 
the fact that the natural radiation contributes the most to 
the external dose of the population, the assessment of 
gamma radiation dose from natural sources is considered 
crucial. The determination of the external radiation doses 
can be performed by using both traditional and In-Situ 
gamma ray measurements.  
 The traditional characterization procedures of 
radiologically impacted environments are time and 
money consuming by collecting, preparing and 
analyzing big number and amount of samples, while the 
In-Situ technique offers certain advantages by fast 
determination, cost reduction and optimization of the 
sampling strategies. The In-Situ technique is a non-
destructive passive method for the detection, 
identification and quantitative determination of 
radioactivity in the environment, especially in the 
ground. 
 The aim of this study is to radiologically 
characterize an area of Northern Greece with coal power 
plants of total power of 2800 MW, using specific 
portable radiation detection instruments. More 
specifically, an area of 25000 m2 was covered using a 
grid of 500 x 500 m in places that were accessible and of 
1000 x 1000 m at non accessible places. For this 
purpose, three different instruments were used: 1) 
Saphymo-Stel 1’’ NaI(Tl), 2) Thermo FH 40 Survey 
Meter, 3) Identifier, target system electronic gmbh. In 
each sampling point, the dose rate (nSv h-1) was recorded 
at 1 m above the ground. All the In-Situ measurements 
were carried out by the Nuclear Physics Laboratory, 
Aristotle University of Thessaloniki (NPL-AUTH). 
 The results obtained by the In-Situ measurements 
were combined and cross-checked with gamma ray 

measurements of soil samples in the lab. More 
specifically, soil samples that were also collected were 
analyzed by an HPGe detector (Canberra GC5021, 50% 
nominal relative efficiency) at the Nuclear Laboratory of 
Physics Department of National Technical University of 
Athens (NTUA) and the concentrations of 40K, 226Ra, 
232Th and 137Cs were determined. The activity 
concentrations along with the estimated and measured 
external dose rates are presented in Table 1. 
 

Table 1. The activity concentrations (Bq kg-1) and the 
external dose rate (nSv h-1). 

Radionuclide Min  Max  
40K 122±10 549±31 

226Ra 
232Th 

12±1 
14±2 

92±11 
41±4 

137Cs 0.9±0.3 27±2 
Estimated External 

Dose Rate 
24±4 62±9 

Measured External 
Dose Rate 

30±5 93±13 

 The measured external dose rates are in 
agreement with: the estimated external doses, the 
population-weighted average absorbed dose rate in air 
from terrestrial gamma radiation 57 nGy h-1 (UNSCEAR 
1993) and the reported in Greece average absorbed dose 
rate in air from terrestrial gamma radiation 42 nGy h-1 
(UNSCEAR 1993). 

The verification of the results obtained by the In-
Situ method near a coal fired power plant with those 
from the traditional gamma ray measurements, indicate 
that a fast mapping characterization of a site near a coal 
power plant could be easily achieved and consists a valid 
depiction of the contamination of the area. Finally, these 
results could be used as a reference point for radiological 
mapping of the studied area in the future. 
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Introduction 

Lots of reports about inhalation risk and external 
exposure caused by negative ion technology products 
which include toiletry, wristbands, clothing, and bed 
mattresses (Hassan et al., 2021; Noor et al., 2021). 
Negative ion technology can involve the use of minerals 
that contain a naturally occurring source of radiation 
such as thorium or uranium. Hassan et al. investigated 
thirteen NORM-added negative-ion products in terms of 
organ equivalent and annual effective dose and one of 
them would contribute about 2 mSv per year annual 
effective doses. Negative ion powder, the raw material of 
negative ions products containing wallpaper and textile, 
is available for purchase in several countries. To 
investigate the radioactive level of negative ion powder 
in the Chinese market, radioactivity monitoring of 
negative ion powder was carried out, 12 samples 
purchased online from different manufacturers were 
analyzed through γ-spectrometry and α-spectrometry. 
Materials and Methods 

Samples were measured by HPGe detector (GR5021, 
Canberra) at first, then samples were digested using a 
microwave to prepare the solution for 238U and 232Th 
measurement. 238U and 232Th isolated from other metal 
ions using an anion exchange column (Sigma-Aldrich 
DOWEX 1X8, 100–200 mesh, 90 mm height, 8 mm i.d). 
238U and 232Th used 234U and 230Th as tracer to assess 
chemical yield.  After the purified step, the thorium and 
uranium were electrodeposited on stainless steel disc, 
then insert into the PIPS detector (ORTEC) for counting.  
Results 

The determination of 12 kinds of negative-ion powder 
through gamma spectroscopy was shown in Table 1. 
From the analysis results, this batch of material contains 
natural long-lived radionuclides from the uranium and 
thorium series and without artificial radionuclides. 
According to the provisions of the IAEA recommended 
exemption radionuclides activity limit of 1 Bq/g for each 
radionuclide in the 238U and 232Th series (IAEA, 2014), 
this batch of samples, except SHNM12, were seriously 
exceeded the activity concentration, and some of them 
have high radioactivity of thorium and it is necessary to 
evaluate the external dose. Comparing the activity 
concentrated of 234Th and 214Bi, 228Ac and 208Tl, we 
found that long-living radionuclides, 238U and 232Th, did 
not reach the equilibrium balance. Only measuring the 
activity concentration of a single daughter cannot 
guarantee that the activity of 238U and 232Th activity 
concentration do not exceed the standards, so we 
conducted used α-spectrometry to determine the activity 
of 238U and 232Th.  

 

Table 1. The results of γ-spectrometry for samples 

Sample 
Radionuclide activity (Bq/g) 

238U 226Ra 232Th 210Pb 234Th 214Bi 228Ac 208Tl 
ALT1 2.81 4.21 26.97 16.56 2.17 
HB2 15.97 0.66 339.20 283.60 <MDA 
HB3 20.59 9.79 240.30 183.75 3.21 
HB4 21.56 0.24 142.60 135.31 <MDA 
HS5 29.27 37.045 231.90 152.97 10.92 
HS6 35.94 62.74 376.20 245.31 11.46 
HS7 15.59 26.15 261.00 159.68 2.04 
HS8 21.69 1.60 226.30 241.09 1.02 
HS9 16.13 <MDA 258.80 309.84 <MDA 
LS10 35.07 51.41 434.30 279.38 8.33 
LS11 22.53 <MDA 126.50 109.98 <MDA 
NM12 0.18 0.19 0.05 0.03 0.18 

To determine elemental compositions of the negative-
ion powder, 5 samples from different manufacturers 
were analyzed via EDS spectrometer, and the result 
shown the 5 analyzed samples mainly contained C, O, Si, 
Al, Ag, Th, and small amount of rare earth elements. The 
negative ion is mainly released from radionuclides rather 
than tourmaline powder and rare earth mineral powder. 
    α-spectrometry was used to determine the radioactive 
of 238U and 232Th. The source for alpha spectrometer 
analysis was prepared by the electrodeposition technique. 
The yield over 90% of electrodeposited for both thorium 
and uranium can be achieved at using 2~3 mL of 0.5M 
HNO3 and 17 mL of ethanol as electrolyte with 0.4 mA 
in 60 min deposition time. The next step is to develop an 
optimal radiochemical procedure to separate thorium and 
uranium from the matrix. 
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Wildfires in highly radioactive environment can re-emit 
radionuclides into the atmosphere. Such emissions 
present a potential health risk for firefighters. From early 
April 2020, wildfires raged in the highly contaminated 
areas around the Chernobyl nuclear power plant (CNPP), 
Ukraine. For about four weeks, the fires spread around 
and into the Chernobyl exclusion zone (CEZ) and came 
within a few kilometres of both the CNPP and 
radioactive waste storage facilities. Wildfires occurred 
on several occasions throughout the month of April. 
They were extinguished, but weather conditions and the 
spread of fires by airborne embers and smoldering fires 
led to new fires starting at different locations of the CEZ. 
The forest fires were only completely under control at 
the beginning of May, thanks to the tireless and incessant 
work of the firefighters and a period of sustained 
precipitation. In total, 0.7-1.2 TBq 137Cs were released 
into the atmosphere. This assessment was performed 
based on inverse modelling techniques using the 
numerous values gathered together in Europe by the 
Ring of Five network. The emission source terms for 
other Chernobyl-labeled radionuclides (90Sr, 238Pu and 
239+240Pu are also derived from field measurements in 
Ukraine. Those for 239Pu, 240Pu, 241Pu and 241Am were 
deduced from typical activity or isotopic ratios 
characteristic of the Chernobyl accident. 

 
Figure 1. Airborne Pu – Cs relationship 

 
Americium-241 represented only 1.4% of the total 
source term but would have contributed up to 80% of the 
inhalation dose. 
Table 1: Estimations of Chernobyl-labelled 
radionuclides emissions (in GBq) during the April 2020 
wildfires in Ukraine.  
137Cs 90Sr 238Pu 239Pu 240Pu 241Pu 241Am 
950 480 1.5 1.5 2.2 70 22 

Smoke plumes partly spread south and west and 
contributed to the detection of airborne 137Cs over 
Ukrainian territory and as far away as Western Europe. 
Dispersion modeling determined the plume arrival time 
and was helpful in the assessment of the possible 
increase in airborne 137Cs concentrations in Europe.  

 
Figure 2: Comparison between simulations and 
observations. Hourly simulations show plume arrival  
and duration, peak concentration and time of the peak. 

 
Inhalation dose assessment for firefighters has been 
assessed without protective equipment between 1.3 and 
170 µSv for a hundred hours. The higher value is similar 
to the dose induced by external exposure over the same 
duration from the highly contaminated environment 
where fires took place.  
Naturally occurring radionuclides such as 210Po can also 
be considered. Based on a 210Po concentration of 10 
mBq.m-3, the inhalation dose would increase by 9 µSv. 
This would represent 5% of the inhalation due to 137Cs + 
90Sr + ΣPu + 241Am, when considering maximum 
airborne concentrations. When considering average 
airborne concentrations observed close to fire line this 
would result in a 7 fold higher dose. 
  
This work has been published in Environmental Science 
& Technology. https://doi.org/10.1021/acs.est.1c03314 
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 We present observations and model results of the 
Finnish Meteorological Institute (FMI) from two latest 
cases of significant amount of airborne fission products 
in Finland, the 2011 Fukushima accident and the 2017 
Europe-wide ruthenium-106 cloud. 
 The earthquake east of the Honshu Island, Japan 
on 11 March 2011 and especially the resulting tsunami 
wave caused a loss of thousands of human lives and 
massive material damages in Japan. One of the worst hit 
regions was the coast of the Fukushima prefecture. The 
nuclear power plant in the area, Fukushima Dai-ichi, was 
hit by the tsunami wave leading to the loss of reactor and 
spent nuclear fuel cooling. This caused releases of 
radioactivity to both the atmosphere and the ocean. 
Within a couple of weeks, the atmospheric emission 
plume had dispersed practically all over the northern 
hemisphere.  
 In Finland first iodine-131 observations were 
made with the aerosol samples collected between 21 
March 06 UTC and 22 March 06 UTC at Sodankylä, 
northern Finland and between 22 March 06 UTC and 23 
March 06 UTC in Helsinki, southern Finland. The 
maximum cesium-137 activity concentrations, ~300 
µBq/m³, were four orders of magnitude lower than those 
observed after the Chernobyl accident. The maximum 
iodine-131 activity concentration in Helsinki, 1720±20 
µBq/m³, was found from the sample collected between 
31 March 06 UTC and 1 April 06 UTC. This was only a 
fraction of the total iodine-131 activity concentration as 
most of the iodine-131 was in vapour phase and thus not 
retained in the aerosol filter. 
 The comparison between the measured 
radionuclide concentrations in Finland and those 
calculated with the SILAM dispersion model reveals that 
the timing of the Fukushima emission plume movements 
could be rather well predicted with the model. The 
activity concentration levels between the measurements 
and the model calculations, however, deviated. This can 
be due to inaccuracies in the source term. 
 Airborne ruthenium-106 was detected across the 
Europe in September/October 2017. Continuous aerosol 
beta activity recordings on the island of Utö in south-
western Finland indicate that the plume arrived to 
Finland in the evening of 2 October 2017. This 
ruthenium-106 caused the weekly long-lived total beta 
activity concentration to rise to a ten-fold level compared 
with the natural level. Dispersion calculations indicated 
that the contaminated air mass originated from central 
Russia. 
 
 

 
 These two incidents had no radiological 
consequences in Finland. However, they provided 
valuable data for testing and verification of atmospheric 
transport and dispersion models. 
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Long-lived radioactive iodine-129 (129I) is vital for 
reconstruction of level and distribution of short-lived and 
highly radiotoxic 131I in nuclear activities, as well as 
understanding the knowledge of atmospheric dispersion 
of iodine. Radioactive iodine in the emissions is 
considered in two physical forms: aerosols and gaseous 
chemical compounds. The problem of monitoring the 
integral level of radioiodine in the emissions and 
environmental atmospheric has been solved (Ekidin et al., 
2019). However, aerosol and gaseous 129I species are 
difficult to measure due to its low concentration in the 
areas remote from nuclear pollution sources, and the 
speciation distribution of atmospheric 129I is not well 
clear (Zhang et al., 2018; Zhang and Hou, 2013). 
In this study, analytical methods for determination of 
aerosols and gaseous 129I in environmental atmosphere 
have been established using pyrolysis separation of 
iodine from sampling matrix in combination with 
accelerator mass spectrometer measurement (Figure 1). 
Aerosols, gaseous inorganic and organic 129I collected in 
Northwest China have been firstly analyzed to 
understand long-range transport process of radioactive 
iodine, as well as speciation transformation of iodine 
species. Our results show that the fractions of aerosols, 
gaseous inorganic and organic 129I in studied area 
account for approximately 28%, 23% and 49%, 
respectively, in spring and summer time (Figure 2), and 
that transformation between aerosols and gaseous iodine 
likely occurred in late spring and early summer.  
 

 

 Figure 1. Analytical methods for determination of 
aerosols and gaseous 129I in environmental atmosphere 

using pyrolysis separation of iodine and accelerator mass 
spectrometer measurement. 
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Figure 2. Speciation distribution of atmospheric 129I in 

Northwest China during spring and summer. 
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The knowledge of radionuclides activity in air is 
necessary to control atmospheric environmental releases 
and to assess public exposure. Measurements of airbone 
radionuclides 7Be, and gross α and beta jointly are 
routinely carried out by collecting aerosols in filters at 
the roof the Faculty of Engineering of Bilbao (43.26 N, -
2.9 W) (northern Spain) since 2014. A low flow sampler 
for alpha and beta activities and high flow sampler for 
7Be, as well as a meteorological station are closely 
located. 
This abstract characterizes the evolution of 7Be, gross 
alpha and gross beta activities in airborne in the surface 
air of the city of Bilbao, with the purpose of identifying 
their correlation with synoptic and local meteorological 
scenarios and parameters. Air mass trajectories and 
temperature, precipitation, relative humidity, wind 
direction and speed are used to explain the 
meteorological influence in the specific activity 
variations. 
7Be level is in the 0.35–7.3 mBq/m3 range, with a mean 
of 3.20 ± 1.12 mBq/m3 (Alegría et al., 2021) The mean 
values of weekly alpha were 66.5 ± 39.3 μBq/m3, with 
alpha activity concentrations ranging from 246.5 μBq/m3 
to 13.97 μBq/m3 (Hernández-Ceballos et al., 2021), 
while beta presented an average of 
520.12 ± 281.77 μBq/m3, ranging from 1778 μBq/m3 to 
35 μBq/m3 (Alegría et al., 2021). The representation of 
weekly beta activity concentrations is shown in figure 1. 
  

 
Figure 1. Weekly beta activity concentrations over the 

period 2014-2018 in Bilbao. 
 
It is found a positive correlation between gross alpha and 
gross beta (0.67), which can be explained because of the 
principal source term of both in airborne is the same in 
normal situations (radon daughters). The average of the 
alpha/beta ratio was 0.138, close to the normal ratio of 
0.1 (UNSCEAR 2000). 
7Be and gross α  activities present a cyclical variability, 
with the highest activity in summer months and the 

lowest one in winter months, while gross β activities 
presents an increase during the year, reaching the highest 
activities in autumn. Low correlation values between 
activities and local meteorological parameters are found, 
being the highest and negative correlation found with 
rainfall, which indicate an influence on the decrease in 
the activity because of scavenging of airborne 
radionuclides. Meteorological scenarios driving high and 
low activity concentrations are defined combining 
surface winds and air mass trajectories, figure 2. For 
instance, in the case of 7Be, it has been demonstrated 
how the interaction of sea-land breezes with the 
prevailing NWS airflows produces a specific 
atmospheric condition in favor to increase surface 7Be 
activity concentration in this area. These results can be 
taken as a reference to classify meteorological scenarios 
that would result in situations with possible radiological 
risk for the population.  
 

 
Figure 2. Daily cycles of surface wind direction over 

different airflow patterns at Bilbao. 
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Iodine-129 has shown its potential in geological 

dating in a range of 2-80 Myr due to its special half-life 
of 15.7 Myr. Numbers of ages have been produced based 
on this technique in the marine sediments. However, 
none was reported for the terrestrial environment, where 
the initial value of 129I/127I ratio is uncertain. 

In recent years, we carried out some work trying 
to find a reliable initial value for terrestrial environment. 
Analysis of 129I was firstly done to loess samples from 
the central Chinese loess plateau, and the results from 
the long profile of >70 m presented a range of pre-
nuclear value of (1–3)×10-11 (Fan et al., 2018), an order 
of magnitude higher than the initial value in marine 
sediments, 1.5×10-12 (Moran et al., 1998). This is far 
from an exact value for geological dating. We thus tried 
to interpret the observed large variation by further 
analyses, which were operated with high resolution and 
revealed very similar pattern of stable iodine with that of 
traditional paleoclimatic proxies for the past 260 kyr (Fig. 
1), suggesting the strong connection between iodine 
content and the climate variations, but there are no such 
correlations for 129I, indicating the disequilibrium 
between 129I and 127I (Fan et al., 2021a).   

 
Figure 1. Comparation between iodine content and other 

proxies from the Xifeng loess-paleosol section.  
 

 Besides the aeolian loess, we also tried the stream 
sediments including Lake Chenghai and Xueshui River 
(Fan et al., 2021b). They provided similar range of the 
pre-nuclear value with that observed in loess. 
Interestingly, 129I/127I ratio was found to decrease with 
increased iodine content (Fig. 2). We interpreted this as 
below. 129I/127I ratio in sediments low in iodine were easy 
to be influenced by the high-level anthropogenic 129I that 
infiltrated from the surface, while sediments with higher 
iodine content were relatively less susceptible of 129I 
introduced from other sources. Considering the input of 

old iodine from old strata (e.g. Jurassic and Cretaceous), 
cautions are needed for the lower values and all the 
results pointed to a narrower range of the initial value of 
(0.94–1.23)×10-11, much closer to the actual initial value. 

 
Figure 2. Correlation of 127I with 129I/127I. Data presented 
in lithology groups correspond to the lower strata from 

Xueshui River terraces. 
 

The scatter of these observed pre-nuclear values 
cannot be used as the initial ratio and needs to be tested 
for uniformity both spatially and temporally. Therefore, 
more investigations are needed in the future to finally 
navigate towards an initial equilibrium value. 
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Stable (2H, 18O) and radioactive (cosmogenic 10Be and 
14C) isotopes analyzed in isotopic archives such as tree 
rings, ice cores and marine sediments have been used for 
tracing past as well as recent climate changes caused by 
Sun-Earth orbital parameters, solar activity cycles and by 
increases of green-house gases in the atmosphere. The 
most visible past climate cycles were represented by 
Milankovitch cycles, as documented by observed 18O 
and 10Be variations in ice cores sampled in Antarctica 
and Greenland, where during the past 800 kyr the 
dominant cycle was due to the variations in the 
eccentricity of the Earth’s orbit (125 kyr period).  

The exceptional case was a warm period during 
the Holocene (last 11 kyr), as documented from 10Be and 
14C records during the last 50 kyr. The 14C and 10Be data 
also agree well with paleomagnetic intensity data. The 
climate changes during the Holocene were most 
probably due to orbital variations, which changed the 
latitudinal and seasonal distribution of solar radiation on 
the Earth.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Although the Holocene was generally a warm 
epoch, there were cool periods as well, such as a Little 
Ice Age (14th-19th century), which followed after the 
Medieval Warm Period (11th – middle of 14th century). 
The cool period coincided partly with the Maunder 
minimum, however, physical mechanisms explaining 
how changes in solar activity could affect Earth’s 
climate require further investigations. 

Remarkable increases in surface temperature have 
been observed during the last century, which could be 
associated with increased content of green-house gases 
in the atmosphere (mainly CO2 and CH4), having also 
impacts on sea ice cover changes, on sea level rise, etc.  
Future trends in climate change remain, however, a great 
challenge for better understanding of anthropogenic and 
natural processes which could affect Earth’s climate (e.g. 
solar activity impacts via secondary effects). High-
quality radionuclide data (mainly 14C in tree rings and 
10Be in ice cores) will be useful source of information on 
further studies of past climate changes. 
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Dry and wet deposition are the two most effective 
mechanisms of atmosphere cleaning. By collecting the 
products of atmospheric purification, we were allowed to 
receive information on the content of radioactive 
isotopes in the air column above the total precipitation 
collector to the level of the clouds formed. 
Between 2017 and 2020, monthly samples of total 
precipitation were collected in Krakow. Krakow is a city 
located in the south part of Poland. The geographic 
location (at the junction of significant tectonic 
structures) significantly affects the microclimate and air 
circulation in that location. Poor ventilation, weaker 
sunlight and frequent fogs increase the concentration of 
aerosols in the air. Due to the health of the inhabitants in 
2017, anti-smog resolutions were introduced for Krakow 
and Malopolska (south part of Poland). The requirements 
concerned the quality of the used fuels to eliminate coal 
wastes (coal sludge - fine coal particulate matter of up to 
3 mm, containing large amounts of moisture, ash and 
other pollutants that contribute to significant emissions 
when burning) and wet wood as well as biomass with a 
moisture content greater than 20%. 
Our study of gamma emitters in samples of total 
atmospheric precipitation revealed that implementing the 
mentioned above resolutions did not affect the activity 
concentration of natural (terrestrial) radioactive isotopes 
in the atmosphere. However, the situation is different 
with Cs-137.  This isotope was introduced into the 
environment due to nuclear weapons tests and nuclear 
power plant accidents. Due to its physicochemical 
properties, Cs-137 can be incorporated into organic 
matter, including wood (similar to K-40). When there is 
snow on the earth surface, its presence in the atmosphere 
can only be explained by burning in furnaces in the 
wintertime. The changes in activity deposition of Cs-
137, which decreased as showed our study from 0.05 Bq 
m-2 at the beginning of 2017 to less than 0.018 Bq m-2 at 
the end of 2020, is evidence that the anti-smog resolution 
could have had an impact on the air quality in Kraków 

and Malopolska. 
The study period (2017-2020) included the time of the 
unexpected release of Ru-106 / Rh-106 with traces of 
Ru-103 into the atmosphere in October 2017 (Masson et 
al. 2019, Bossew et al. 2019). The analyzes of aerosols 
collected on air filters in the near-ground air layer 
showed that these isotopes were washed away from the 
atmosphere in the next few weeks. Our research 
completes the history of Ru-106 in the atmosphere. The 

activity concentration of Ru-106/Rh-106 in the total 
precipitation sample collected in October 2017 in 
Krakow was at the level 40 Bq m-3, whereas in 
November this year decreased to the level few Bq m-3. 
After that, during the next two months, Ru-106/Rh-106 
was undetectable in lower and higher parts of the 
atmosphere. In February 2018, Ru-106/Rh-106 was 
detected again but only in the total precipitation sample. 
This fact can be concluded that traces of considered 
isotopes were transported at the level of clouds 
formation even a few months after undeclared released 
to the atmosphere. 
The conducted research has shown that total 
precipitation is an excellent medium to transfer 
information about processes occurred in the atmosphere. 
Moreover, artificial isotopes are excellent markers of 
these processes (e.g. transfer of Ru-106/Rh-106 in 
2017/2018, transfer of Cs-137 released to the atmosphere 
due to the fire around the Chernobyl exclusion zone in 
2020, etc.). The detection of their variability in the total 
atmospheric precipitation may have an impact on human 
safety and health. 
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A comprehensive investigation on environmental 
radioactivity was initiated in China in 2015. About 2000 
terrestrial and 300 marine sites were selected, soil 
profiles, vegetation, lake and river water, seawater 
profiles, sediment cores, were also collected. The 
terrestrial sampling locations are showed in Fig. 1. The 
concentrations of anthropogenic radionuclides (129I, 239Pu, 
240Pu, 236U) and isotopes ratios of 129I/127I, 236U/238U, 
235U/238U and 234U/238U were determined using AMS and 
ICP-MS after chemical separation.  
The level and spatial distribution of 129I and plutonium 
and uranium isotopes in the surface soil overall China 
have been obtained. In general, a relative higher level of 
anthropogenic radionuclides, e.g. 129I, 239Pu and 240Pu 
were observed in North China compared to South China 
(Zhang & Hou 2019; Zhang et al. 2021). No 
significantly enhanced levels of anthropogenic 
radionuclides were observed in the surrounding area of 
Lop Nor nuclear weapons testing sites (300-600 km 
distance to the center of the testing site) were measured. 
Actually, a relative low level of 129I and plutonium level 
were measured in the Lop Nor region comparing with 
the surrounding area due to the desert and hard bed of 
dried salt lake topography and geography in Lop Nor 
region. A slightly but not significantly higher level of 
plutonium in the southeast downwind region compared 
to the northwest upwind region were observed, which 
might resulted from the transfer of close-in deposited 
radioactive substances in the center area of Lop Nor of 
desert land to this downwind region.  
The measured 240Pu/239Pu atomic ratios in all 
environmental samples except a few samples from 
northeast Xinjiang were around 0.16-0.20, which is 
similar to the ratio of the global fallout of atmospheric 
nuclear weapons tests (0.18), indicating most of the 
plutonium and many other anthropogenic radionuclides 
originated from global fallout. Significantly lower 
240Pu/239Pu ratios of 0.11-0.13 were observed in soil 
samples collected from northeast corner of Xinjiang, this 
might resulted from the transport of the close-in 
deposition of Semipalatinsk nuclear weapons tests in 
1950-1963 (Zhao et al. 2000).   
The 129I level in the surface soil shows a gradually 
declined trend from North to South China, and relative 
higher 129I/127I atomic ratios of 10-9-10-8 were observed in 
North China, especially in the eastern inner Mongolia at 
the west side of the Greater Khingan Mountains and 
Yinshan Mountains. The higher level of 129I/127I in North 
China compared to other location in the similar latitude 

in North Hemisphere (40-50 N) is attributed to the long-
distance transport of gaseous 129I by dominant westerlies 
wind in this region from Europe, where large amount of 
129I was discharged to the seas and atmosphere from 
Sellafield and La Hague spent fuel reprocessing plants. 
The mountain topography and climate condition in the 
eastern Inner Mongolia promoted the deposition and 
retention of 129I in the region. These hypotheses were 
confirmed by the measured distribution of 129I in the 
sediment cores collected from Jiaozhou Bay, East China 
Sea and Tal lake in Philippine, which showed constantly 
higher level of 129I in the upper layer sediment (after 
1980), and the decreased inventory of 129I in the 
sediment core from north location to south location in 
Asia (Fan et al. 2016; Zhang et al. 2019; Zhao et al. 
2021a, b). The declined 129I level from North to South 
China resulted from the transport of reprocessing derived 
129I dispersed to North China to South Asia by East Asia 
winter monsoon (Zhang et al. 2020). 
236U concentration and 236U/238U ratio in the soil showed 
a similar spatial distribution as plutonium and 129I in 
North China, indicating the similar sources of 236U and 
plutonium in the environment in China, and similar 
transport and deposition trend as 129I and plutonium in 
North China (Wang et al. 2020).  
129I level in the China Sea shows a higher concentration 
in the north (Yellow Sea and Bohai) compared to the 
south (East China Sea and South China Sea). Meanwhile 
a high 129I/127I atomic ratios in the coastal seawater, 
especially the estuarine seawater were much higher than 
the open seawater, and in the surface seawater compared 
to the deep water. The 129I/127I atomic ratios in seawater 
is much lower than that in river or lake water. The high 
129I in the estuarine and costal water is attributed to the 
terrestrial input of 129I through rivers by leaching and 
transport of 129I deposited in on the land, and the high 
deposition of 129I in North China compared to South 
China.   
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Already in the frame of the first scientific project 
sponsored by the IAEA with the title “Factors 

controlling the distribution of fission products in the 
biosphere” in the early 1960ies of the last century, lung 

autopsy samples from people, who had been living in 
Vienna, Austria, were collected and investigated with 
regard to short-lived fission products from the nuclear 
weapons tests. In the following project “Deposition of 

inhaled fission products in lungs and pulmonary lymph 
nodes of human beings” the main focus was on this sort 

of sample material. The organs were ashed and then 
measured with a well-type NaI(Tl) crystal to quantify 
141Ce+144Ce, 103Ru, and 95Zr+95Nb contamination of 
humans  (Schönfeld et al. 1960). Later on (after decay of 
these rather short-lived radionuclides) also 137Cs was 
determined. From a part of the ash samples Pu was 
separated and the sum activity of 239Pu and 240Pu was 
measured by alpha-spectrometry (Irlweck et al. 1981). 
Quite recently, the 135Cs/137Cs atom ratio was measured 
in these samples contaminated explicitly and exclusively 
by nuclear weapons fallout (Zok et al. 2021). 
 In the last year we investigated some of the 
remaining samples with Accelorator Mass Spectrometry 
(AMS) with regard to 236U (half-life 2.3∙107 years) which 
is mainly produced in thermonuclear weapons by fast 
neutrons via the reaction 238U(n,3n). Additionally, the Pu 
isotopes 239Pu and 240Pu were measured to obtain an 
improved data set with reduced uncertainties compared 
to the Irlweck study which also allows the analysis of the 
240Pu/239Pu atom ratio. 
 

The ash-samples were dissolved in half-
concentrated nitric acid, a defined amount of 233U was 
added as a spike and uranium was then separated by 
anion exchange (UTEVA) and co-precipitated with 
Fe(OH)3. Pu was separated with DOWEX 1x2, here 
242Pu was used as spike. After calcination the samples 
were analysed by AMS at the VERA laboratory. 
 The absolute concentrations of the uranium 
isotopes 236U and 238U and of the plutonium isotopes 
239Pu and 240Pu were measured by AMS relative to added 
spikes (233U and 242Pu, respectively), and the 
corresponding 236U/238U and 240Pu/239Pu atom ratios were 
calculated.   
 As the results for samples from the same year 
showed large variations, the reproducibility of the 
measurements as well as of the chemical separation 

methods was checked carefully. The easier accessible 
measurement of 137Cs showed similar scatter, so the 
found deviations without much doubt can be attributed to 
real sample-to-sample deviations. 
 The results of our measurements, which were in 
some aspects unexpected, will be compared to the results 
from our filter measurements (see abstract: Retrospective 
determination of radionuclides and 236U/238U and 
240Pu/239Pu atom ratios on air filters from Vienna and 
Salzburg, Austria). Possible explanations of the 
discrepancies will be discussed. 
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Among the artificial radionuclides, plutonium-239 

(239Pu, half-life: 24 100 yr), plutonium-240 (240Pu, half-

life: 6 561 yr), and tritium (3H, half-life: 12.31 yr) have 

found important use in dating ice cores with ages up to 

70 yr old. Other radionuclides such as uranium-236 

(236U, half-life: 2.3 107 yr) are less reported mainly due 

to the high analytical demands to detect them.  

Here we present a radiochemical procedure for the 

determination of Pu and U radionuclides in ice samples 

by MC-ICP-MS [1]. The procedure is based on the use 

of extraction chromatography resins in combination with 

co-precipitation methods. The amount of 242Pu used as 

radiochemical yield tracer has been optimized in order to 

reduce the potential contamination of the analyte of 

interest by impurities present in the tracer. Moreover, the 

proposed radiochemical method reduces the required 

sample of ice to about 1 kg, which facilitates routine 

measurements of ice samples. 

 

Table 1. 239Pu activity (in µBq kg-1) and 240Pu/239Pu atom 

ratio in IAEA-381 seawater (Exp. uncertainty k=2). 

Measured Certified / Information 
239Pu 239Pu/240Pu 239Pu 239Pu/240Pu 

8.8 ± 0.3 0.23 ± 0.01 8.1 ± 1.0 0.22 ± 0.03 

8.5 ± 0.3 0.23 ± 0.01 8.1 ± 1.0 0.22 ± 0.03 

 

 

The proposed radiochemical method is applied to 

determine these artificial radionuclides in about 200 

surface ice samples collected at the Gauli Glacier 

(Switzerland) [2]. We analyzed the quantity of Pu and U 

radionuclides and the atom ratios 240Pu/239Pu and 
236U/239Pu in glacial ice. For cross checking the Pu and U 

data, measurements of tritium (3H) in aliquots of the 

same samples were performed. We aimed at 

investigating the absolute age of glacier surface ice. 

Pu and U radionuclides were found to be consistent in 

terms of pattern, showing two peaks possibly related to 

the two main periods of the Nuclear Weapon Tests 

(NWT: 1954–1958 and 1961–1963) (Fig. 1). 3H 

measurements, also released by the NWT, further 

confirmed the Pu and U results (Fig. 1).  

The 240Pu/239Pu ration ranged from 0.14 to 0.25 (Fig. 2), 

and 236U/239Pu ranged from 0.14 to 0.81. The Pu atom 

ratios ranged within the limits of global fallout in the 

most intensive period of NWT (1952 to 1962). 

 
Figure 1. Activities of 239Pu, 236U and 3H along one 

sampled line from the Gauli Glacier (Switzerland) (Fig. 

after Röllin et al., 2020). 

 
Figure 2. 239Pu activities and 240Pu/239Pu atom ratios 

along one sampled lined of the Gauli Glacier 

(Switzerland) (Fig. after Röllin et al., 2020). 
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We report on high sensitivity Accelerator Mass 
Spectrometry measurements, carried out to monitor 
actinides isotopes in environmental samples. In particular, 
236U, 239Pu, 240Pu specific activity and 236U/238U, 239Pu/240Pu 
relative ratios were measured in water and sediment 
samples in the Garigliano river and Tyrrhenian sea, in an 
area from seaside till 100 m bathymetric deep in front of 
the Garigliano Nuclear Power Plant. The aim is to study 
the anthropogenic radionuclides contribution to the 
environment. The high sensitivity of the used techniques 
and the spatial distribution of the values shed light on the 
geochemical behavior of the compounds, providing a 
hydrogeological snapshot of the region and information 
about the origin of the contamination. High resolution γ-
ray spectroscopy has been used also on the same samples. 
In particular, measurements of the 137Cs anthropogenic 
radionuclide show interesting correlations with the 
actinides results. 

Introduction 
In the years, different studies have been carried out near 
both active and decommissioning Nuclear Power Plants 
(NPPs), using different methods of analysis on various 
radionuclides on environmental matrices such as soil, air, 
water, vegetables, animals (Petraglia, 2012).  
Surface waters and sediments near nuclear sites are 
interesting as possible transport routes for radionuclides 
released into the environment.  Their study is crucial to 

assess the state of the seabed and water from a 
radioprotection point of view and to identify any 
anomalies or variations with respect to the environmental 
background values, in order to ascertain any impacts 
caused by the NPP activities. The evaluation of potential 
radionuclide migration paths, the consideration of 
hydrogeological aspects, are crucial points of interest for 
the planning of activities for the protection of public 
health and the environment in the event of accidental 
releases of radionuclides. 
To this purpose, we made a campaign addressing the water 
environment of the Garigliano river and the marine 
environment surrounding the river mouth, from a depth of 
5 m till a depth of 100 meters. Thus, a sampling grid was 
created to cover the river and marine-coastal area that goes 
from Massico, about 12 kilometers south of the mouth of 
the Garigliano, up off the promontory of Gaeta, north-
west of the river mouth. 

Results 
Preceding studies in the Garigliano Plain, made in the last 
decades for soils, river sediments, vegetable and animal 
matrices found values compatible with fallout of the 
Chernobyl accident (Quinto, 2009). A recent analysis of 
the temporal behavior of the specific activity of 137Cs 
confirmed this hypothesis (Petraglia, 2020). This study, 
confirms these results also in seawater and marine 
sediments. Values of 236U, 239Pu, 240Pu specific activities 
in seawater, river waters and river sediments and deep 
water are small or negligible. Corresponding 236U/238U and 
239Pu/240Pu are compatible with natural or fall-out ratios. 
Interestingly, marine sediments show specific activities 
for 236U,  239Pu, 240Pu increasing with depth along each 
transepts. This corresponds to γ-ray measurements, in 
particular for anthropogenic 137Cs and natural 40K. Indeed, 
we saw significant correlations between these activities 
and those measured for actinides, which suggest a natural 
origin, due to geochemical causes. 

Figure 1: Sampling grid. The position of the Garigliano NPP is in 
Green. Water and sediments were collected along the river and sea 
coast.  

Quinto, F., et al. 2009. The first use of 236U in the general environment 
and near a shutdown nuclear power plant. Applied Radiation and 
Isotopes. 67(10), 1775-1780. 
Petraglia, A., et al. 2012. Assessment of the radiological impact of a 
decommissioning nuclear power plant in Italy. Radioprotection. 47, 285-
297. 
Petraglia, A., et al. 2020. Space-time Bayesian analysis of the 
environmental impact of a dismissing nuclear power plant. J. Environ. 
Radioact. 218, 106241, 2020. 
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Radioactivity levels of 210Pb and 226Ra were measured to 
evaluate the bioturbation coefficients (DB) and mixing 
depths (L) in two sediment cores from the polymetallic 
nodule area in the ~5000 m deep eastern Pacific. With a 
steady-state diffusion mode, the bioturbation coefficients 
of the two cores were estimated to be 52.0 cm2/a and 
118.3 cm2/a, higher than that of the sediment core from 
the abyssal area or that predicted by traditional empirical 
equations. The mixing depths ranged from 50.5 cm to 
51.3 cm. The significant variations in bioturbation 
coefficient and mixing depth are attributed to the 
distribution of the macrobenthos abundance. In addition, 
with the one-dimensional model of the transport of total 
organic carbon (TOC) from the surface layer of 
sediments to the deep layer established based on the 
distribution pattern of excess 210Pb (210Pbex) and its 
relationship with TOC, the estimated TOC flux 
transferred downward by bioturbation is 1.15 
mmol/(cm2·a). 

 
Table 1 Bioturbation, mixing depth and macrobentho 

density at each station 

Station 
Db 

(cm2/a) 

L 

(cm) 

macrobenthos 

(ind/m2) 

KW1-S05-MC13 52.0 50.5 129 

KW1-S01-MC29 118.3 51.3 152 

 

 
Figure 1. Sampling locations 
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Figure 2. Profiles of TOC, water content, and activity of 

210Pb, 226Ra, and 210Pbex in sediment cores 
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Figure 3. Specific activity of 210Pbex versus depth in 
sediment cores. The fitting curves and equations are 

shown in each panel. 
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Monitoring of the radiation situation in the Czech 
Republic has been receiving long-term attention. The 
systematic area and environment monitoring begun in 
Czechoslovakia in the beginning of April 1986.  
 
A routine radiation situation monitoring is focused on 
measuring the content of artificial radionuclides in the 
components of the environment and food chains and 
monitoring of radioactivity in the human body. Aims of 
monitoring are continuous detection of the radiation 
exposure of the population caused by inhalation and 
ingestion of artificial radionuclides and external 
radiation from the environment, as well as timely 
detection of monitored quantities values deviations from 
long-term averages. 
 
At present, there are a number of artificial radionuclides 
in the environment in the Czech Republic. These are 
mainly cesium (137Cs, 134Cs), strontium (90Sr), tritium 
(3H), carbon (14C), iodine (131I), plutonium (238Pu, 
239Pu, 240Pu) and krypton (85Kr). The main sources of 
environmental contamination by these radionuclides 
were the nuclear weapons tests carried out in the 
atmosphere of the nuclear power in the 1950s and 1960s, 
as well as the Chernobyl nuclear power plant accident on 
26 April 1986 and the Fukushima power plant accident 
on March 11, 2011.  
 
Rapid detection of deviations from the long-term 
average is carried out by the early detection network at 
specified locations by. Moreover, the early warning 
network contains teledosimetry system equipment in the 
vicinity of nuclear power plants Dukovany and Temelin. 
In addition, the integral ambient dose equivalent 
monitoring is determined by thermoluminescent 
dosimeters. Immediate or integral measurement in the 
environment by static equipments can be supplemented 
as needed by continuous mobile measurements 
performed along the selected route by car or plane 
(ground/aerial monitoring). 
 
The content of artificial radionuclides in the environment 
is monitored by regular measurement of samples from 
air, water and soil taken from places that represent a 
certain area as widely as possible. More frequently, 
sampling points are located near sources of possible 
contamination - nuclear facilities.  
 
Radionuclides content monitoring in environmental 
components serves to determine the radiation exposure 
of the population from inhalation and ingestion. 
 

With regard to the eating habits of the population of the 
Czech Republic and possible of radionuclides food chain 
enter (mainly by transfer from soil and water), the 
contents of radionuclides are monitored in selected items 
ie meat, vegetable, fruits, milk. In 2006, the monitoring 
of samples of the so-called mixed diet was started, which 
is composed of foods in the composition and quantity 
corresponding to the food basket of the population of the 
Czech Republic.  
 
Part of the monitoring of food chain components is also 
the determination of the content of radionuclides in feed 
(hay, silage, feed mixtures). 
 
The content of radionuclides in the body of the 
population of the Czech Republic, ie internal 
contamination of persons with radionuclides, which 
entered the body after their inhalation, ingestion or 
drinking, has been widely monitored in the Czech 
Republic since 1986, ie since the Chernobyl accident. 
 

 
Figure 1. Czech early warning monitoring network 

visualization in SW MonRaS (Monitoring of Radiation 
Situation) 

 
Currently, radiation situation monitoring data are 
transmitted to state radiation monitoring database using 
International Radiological Information Exchange (IRIX) 
Format as well as international exchange to Slovakia and 
Austria. 
 
Radiation situation monitoring data are stored, processed 
and published in database and web presentation tool 
MonRaS. The software MonRaS allows radiation 
situation assessment for the monitoring and evaluation of 
the exposure in case of a radiation accident, for the 
decision about countermeasures related to the exposure 
reduction or adverting.  
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In natural environment, uranium would be
inevitably interacted with microorganism in various
pathway. Investigation of uranium chemical behaviors on
microorganism is more helpful to further understand the
migration of uranium in environment. In this work, when
sodium lactate was used as electron donor, U(Ⅵ) was
simultaneously deposited through reduction and
phosphate mineralization in Bacillus Thuringiensis, a
dominant strain isolated from uranium contaminated soil.
U(Ⅵ) was mineralized as NaUO2PO4·3H2O by
phosphate while it was reduced to insoluble U(Ⅳ)
amorphous sediments via the electron transferring
through intracellular ubiquinone system. But U(Ⅵ) was
only mineralized in Bacillus Thuringiensis without
electron donor. The uranium phosphate mineralization
was weaker than that in the presence of electron donor,
which is related to cell and phosphatase activity. Through
the study of different uranium deposition forms in
microorganism, it can better clarify the multiple chemical
behaviors of uranium in environment that influenced by
microorganism.

Figure 1. Species of uranium in bacteria: (a) U4f scan in
XPS patterns, (b) XRD patterns.

Figure 2. Amount of U(Ⅵ) in phosphate mineral at
different time.
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As an important fission product in the uranium nuclear 
fission, radioactive cesium (RCs) is one of the key 
nuclides in the high-level radioactive waste (HLW) 
disposal. The microscopic mechanism of interaction 
between Beishan granite and RCs is very essential for 
the performance and safety evaluation of the HLW 
disposal. In this work, batch experiments, electron probe 
microanalysis (EPMA), X-ray absorption fine structure 
spectroscopy (EXAFS) and micro-X-ray fluorescence 
(μ-XRF) spectroscopy had been used in studying the 
interaction between clay minerals or granite and RCs 
under different conditions. EPMA and μ-XRF confirmed 
that biotite and albite/microcline were controlling the 
retardation of RCs in Beishan granite. EXAFS analysis 
showed that Cs(I) adsorbed on Beishan granite and 
albite/microcline mainly as the formation of outer-sphere 
complexes, while more inner-sphere complexes when 
adsorbed on biotite. Since the high content of 
albite/microcline (about 70%) in Beishan granite, the 
sorption of Cs(I) on albite/microcline cannot be 
negligible. The general adsorption mode (GAM) for Cs 
adsorption can quantitatively describe and predict the 
adsorption-desorption behaviors of Cs(I) on Beishan 
granite. Groundwater with higher salinity could inhibit 
the fixation of Cs(I) on Beishan granite to some extent. 
However, the frayed edge sites on Beishan granite were 
still effective to trace RCs, and less affected by Beishan 
groundwater.  
 

 
Figure 1  EPMA of Beishan granite.  

 

 
Figure 2  EXAFS spectra of Cs(I) adsorbed on Beishan 

granite and biotite. (a) k-space, (b) R-space 
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Plutonium, essentially being of anthropogenic source in 
the environment, has been paid continuous attention for 
its application in sourcing radiological contaminants, 
tracking geophysical processes, and also its risks to the 
public health. With regard to the fate of plutonium in 
terrestrial ecosystems, the migration of it in soils is 
crucial, for which strongly affects the pathways (plant 
uptake, resuspension into the air, groundwater 
contamination) transferring it to people (Bunzl et al., 
1994). Understanding of Pu migration is hence to be 
necessarily developed. To address that, in addition to 
surveys on Pu profiles collected in the field, which 
generate first-hand knowledge of Pu on studied areas, 
combining and analysing results from independent 
studies are also arousing scientific interest. They help to 
grow new insights to the behaviours of radionuclides in 
the environment. And with increasing number of studies 
on Pu, they’re getting to be necessary. 
In this work, on target with the features of Pu depth 
distributions in soils and their properties about migrating, 
we compiled and modelled vertical-distributed data in 
literatures published before 2020 surveying on Chinese 
terrestrial environment. The resulting database 
compromised thirty-two Pu profiles with a depth of 12 – 
80 cm sampled mainly between 2007 – 2016. The 
retrieved inventory of soil samples ranged from 11.84 to 
546 Bq m-2 with a median of 81.15 Bq/m2. The location 
of plutonium peak varied at a depth from 2 to 30 cm. 
To understand the migrating mechanisms of Pu, two 
transport models were discussed: 
(1) the well-known convection-dispersion equation 

(CDE), of which the parameters, i.e. diffusion 
coefficient D and convection velocity v, turned to 
range in 0.03 – 3.24 cm2 year-1 (median of 0.27 cm2 
year-1) and 0 – 0.48 cm year-1 (median of 0.06 cm 
year-1), respectively; 

(2) the compartment model. For each soil sample, the 
number of parameters in the compartment model 
was independently optimized according to Akaike 
information criterion (AIC). Besides, a modified 
compartment model including the backflow term 
was also firstly probed for plutonium. And the 
modified one did perform better on some profiles 
where for Pu diffusion seemed to dominate. The 
median of apparent downward migration rate is 0.2 
cm year-1 under conventional compartment model, 
whereas is as high as 0.5 cm year-1 once considering 
the upward backflow with a median rate of 0.2 cm 
year-1. 

After all, these parameters featuring the migration of Pu 
in Chinese terrestrial environment, were all on the same 
level with those being previously reported for Spain and 
Germany. 
 

This work was supported by the National Natural 
Science Foundation of China (No.11775009) and China 
Postdoctoral Science Foundation (2020M683759). 
Research under grant AB/001. 
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As one of unique result in severe accident at 

Fukushima Daiichi NPP (1F) a Molten Core-Concrete 
Interaction (MCCI) was occur. The physical and chemical 
properties of the solidified MCCI products, which 
includes core materials as well concrete components, are 
different from that of TMI-2 and Chernobyl debris.  

Therefore, analysis and aging behaviour of 
simulated MCCI products long-term storage under water 
are very important to prevent high-level risk on humans 
and environment under decommissioning process. The 
purpose of our study was to estimate the characteristics of 
completely melted simulated MCCI products and their 
aging in water solutions at different conditions.  

Simulated MCCI products with ≈ 1 kg in weight 

were produced by melting of the precursors in induction 
heated cold crucible at ≈ 2500 °C [1]. The batches of 

precursor included chemically pure oxides: UO2, ZrO2, 
FeO, Cr2O3, NiO, SiO2, CaO, Al2O3 and metallic Zr. After 
the molten mixture was cooled down to room 
temperature, solidified blocks were divided into small 
parts. 

Five compositions of MCCI product with different 
ratio core to cement components were selected based on 
the thermodynamic equilibrium calculation [2]. 

According to SEM and XRD, their structure 
consist of an glassy-like silicate matrix with crystalline 
inclusions: solid solutions (U1–xZrx)O2, (Zr1–xUx)O2, 
spinel Fe(Fe, Cr, Ni)2O4 and SiO2 in the form of 
cristobalite. The interaction of uranium and zirconium 
oxides with the concrete component does not occur in 
melts because their silicates were not detected in final 
products. 

Experiments on the aging of samples were carried 
out in deionised and nitrited water. It was determined by 
ICP-OES that at temperatures of 25, 50, and 90 °C the 
only glassy-like matrix dissolves. Uranium and zirconium 
were detected in water solutions under hydrothermal 
conditions (t°= 120 °C, 84 days). The leaching rates of 

zirconium and uranium on day 84 were 1.26∙10−7 and 
3.47∙10−8 g/cm2×day, respectively. As a result of 

degradation in an aqueous medium, an altered layers of 
are formed on the surface of the samples, mainly in the 
form of ferruginous chlorites of variable composition 
(Figure 1). 

 
Figure 1. SEM-images surface: initial sample (a); the 
surface of the samples after leaching at t°= 120 оС, 84 

day (b) 
 
The amount of altered layers and their total area 

were proportional to glassy-like phase content in the 
simulated VCCI products. 

Altered surface layers of the MCCI products could 
be an additional source of dust formation during removal 
of them from water and drying before disposal. 

The obtained experimental data were used to 
develop a predictive mathematical model for the long-
term degradation of MCCI products in aqueous media 
under the influence of various factors such as pH, Eh, 
time, temperature, etc. 
 

The study was carried out at the expense of the 
subsidy of the Mitsubishi Research Institute (Japan) No. 
NSU 51-18 dated 27.11.2019 for the implementation of 
the project “Decommissioning and treatment of 
contaminated water at the Fukushima Daiichi NPP”. 
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The burgeoning application of nuclear energy has raised 
serious public concerns on its potential threat to 
environment and health. Efficient remediation strategies 
rely on knowledge about the behaviors of leaked 
contaminants in the environment, among which is 
uranium (U). The high mobile uranium species, such as 
uranyl, emphasize the importance to investigate the 
chemical behavior of uranyl in natural environment. 

In aqueous phase, uranyl may interact with O-
containing organic functional groups such as carboxyl, 
hydroxyl, which are typical functional groups of humic 
acid (HA). HA represents a complex mixture of organic 
compounds widely distributed in soils, sediments of the 
ecosphere and groundwater. Earlier studies on the 
binding of HAs with actinides mainly focused on the HA 
influence on the sorption of actinides on the sorbents. 
However, the molecular level of understanding on the 
folding and aggregation of HA and its interaction with 
uranyl in the presence of hydrophobic or amphiphilic 
surface were lacking. 

Motivated by this, the folding and aggregation of 
HA in aqueous solution and its interaction with uranyl in 
the presence of carbon nanotube (CNT) or graphene 
oxide (GO) were investigated using molecular dynamics 
(MD) simulations. Here, CNT and GO were chosen as 
hydrophobic and amphiphilic surfaces, respectively. 
 

 
Figure 1. Aggregation structures of HAs at different pH 

based on MD simulations. 
 

MD simulations showed that HA had a strong 
propensity to spontaneously fold itself to a compact 
conformation in aqueous phase independent of pH, but 
the aggregation of HA was found to be pH dependent. At 
low pH, the neutral HAs formed a droplet-like aggregate 
minimizing contact with water. At high pH, the ionized 
HAs assembled into a threadlike structure maximizing 
contact with solvent. (Lan et al., 2021).  

 
Figure 2. Representative snapshots of HA–Uranyl–CNT/GO 

systems during MD simulations. 
 

In aqueous phase, uranyl was observed to build 
close contact spontaneously with HA or GO, driven by 
electrostatic interaction. The presence of CNT unfolds 
HA via π−π interactions with the aromatic rings of HA 
without significant perturbation on interaction strength 
between HA and uranyl (Lan et al., 2016). The planar 
curvature of GO was found to be beneficial in impeding 
the folding of HA, which offered rich binding sites to 
interact with uranyl with only marginal loss of binding 
strength. The presence of HA not only provided multiple 
sites to compete/cooperate with GO for sorption of free 
uranyl but also interacted with GO acting as a “bridge” 
to connect uranyl and GO (Lan et al., 2019). 

This work was supported by the National Natural 
Science Foundation of China (Grant No. 22106111, 
21473206) and the Fundamental Research Funds 
for the Central Universities. 
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Methyl iodide (CH3I) is one of the main organic iodides 
released from the spent nuclear reprocessing plant or a 
severe nuclear reactor accident (Riley et al., 2016). Due 
to the chemical and biological toxicities, the adsorption 
of CH3I has drawn increasing concern during the past 
few decades. Covalent organic frameworks (COFs) is a 
novel type of sorbent, which has advantages of high 
chemical/thermal stability, high surface area, large pore 
volume, and ordered porous structure. By now, many 
experimental studies were carried out focusing on uptake 
capacity, reusability, and so on. However, the detailed 
interaction mechanism was rarely reported. Therefore, 
the adsorption of CH3I onto COF-DL229 was 
systematically investigated by the periodic density 
functional theory (DFT) method. Herein, COF-DL229 
was adopted as a representative of COFs due to its 
interwoven structure and general functional groups 
(aromatic rings and imine linkers).  
 The stable adsorption configurations at various 
sites in different initial orientations were obtained. And 
the corresponding adsorption energies are extremely 
large (-7.71~-9.14 eV) due to the structural deformation 
of COF-DL229. Moreover, C-Hπ interaction plays an 
important role on the adsorption of CH3I by the skeleton. 
The variation of C-Hπ interaction energies with the 
distance between C and barycentre of phenyl is 
consistent with the results in previously reported 
literature (Shibasaki et al., 2006; Tsuzuki, 2012), as 
shown in Figure 1.  Additionally, according to the charge 
density and Bader charge difference, a charge transfer 
(up to 0.05 e) occurs within the CH3I molecule, whereas 
there are barely any electrons (-0.01~+0.02 e) transferred 
from CH3I to COF. Meanwhile, the electronic structure 
of COF-DL229 indicates that the energy gap becomes 
narrower due to the reduction in lowest unoccupied 
molecular orbital (LUMO) energy after adsorption. 
 This work could aid in understanding of the 
interaction mechanism between CH3I and COFs. Also, it 
is conducive to future selection or design of better 
sorbents towards methyl iodide capture.  
 
 
 

 

 
Figure 1. C-Hπ interaction energies calculated with 

DFT-D3 method (in this work) and MP2/cc-pVQZ 
method (red) (Shibasaki et al., 2006). 
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 148Gd is an alpha particle emitter (Eα = 3.18 

MeV) with a half-life of 74.6 years. It is one of the 
radionuclides resulting from the spallation of tungsten 
and other heavy elements. From the point of view of 
radiological protection, it is one of the most critical 
isotopes in the event of failure of spallation sources 
using tungsten discs. Spallation is a process that occurs 
when high-energy protons (E > 100 MeV) interact with 
individual atoms in the target's nuclei, causing the 
emission of neutrons. In the event of a failure of a 
spallation source, it is essential to develop a 
radioanalytical analysis of 148Gd, which can be used to 
determine possible emissions of 148Gd to the 
environment, the degree of exposure of the population, 
and to calculate of doses for the inhabitants of the 
contaminated area. 
 

An analytical method for the determination of Gd 
was developed to analyze 148Gd in environmental and 
biological samples, which relies on the sequential use of 
ion exchange and extraction chromatography to obtain a 
pure radioactive source of 148Gd. The method was 
developed using the stable 157Gd isotope and ICP-QQQ-
MS mass spectrometry. The total recovery of the 
radioanalytical process in the developed method is also 
measured using the 157Gd isotope, which is naturally 
present in all environmental matrices. 
 

Table 1. Gd recovery 
 

  Process Gd recovery [%] 
Fusion 100±2 

Co-precipitation 
Dowex 1x8 
TRU resin 

Dowex 50Wx8 
LN resin 

Electrodeposition 
TOTAL 

96±1 
99±1 
95±1 
86±1 
94±2 
91±1 
75±1 

 
 Solid samples (soil, sediments, plants), after 
incineration, undergo mineralization using an alkaline 
fusion or extraction in mineral acids. Liquid samples, 
after acidification, undergo co-precipitation of rare earth 
metals (REE) on CaC2O4. Sequential separation of Gd 
from the matrix involves the use of anionite AG 1x8 
100-200 mesh to remove Fe3+ ions, TRU resin extraction 

chromatography to separate the lighter fraction of rare 
earth metals (LREE) from the matrix, cationite AG 
50Wx8 200-400 mesh with the use of an acid α-
hydroxyisobutyric acid chelating agent to separate Gd 
from residual REE (Figure 1) and extraction resin to 
purify pure Gd fraction from chelate. The alpha source is 
prepared by electrodeposition on a stainless steel cathode 
from a Na2SO4 / H2SO4 solution at a pH between 2.1 to 
2.4. The total maximum recovery of Gd using the 
method described is 75% (Table 1). 
 

 
Figure 1. REE elution curve from Dowex 50x8 with  

α-HIBA 
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Development of accelerator mass spectrometry made 
available to measure 14C activity of only a few 
milligrams of carbon and thus opened alternative of 
dating organic residues embedded in historical binders, 
such as charcoals. The charcoal is carbon-rich material 
of a diverse chemical composition controlled by initial 
woody plant tissue and the range of thermochemical 
reactions (Bird, 2013). In the mortars, they are probably 
derived from the trees used for the burning lime or from 
mixing with mineral aggregate during the slaking. To 
add on the determination of how reliable such organic 
inclusions can be for the radiocarbon dating can be, three 
large-scale sampling campaigns were performed. On 
territory of the Czech Republic, historical architectural 
objects were chosen to meet following criteria: i) known 
age, ii) known history of repairs and maintenance, iii) 
the age falling into the period before the erratic wiggles 
of the radiocarbon calibration curve in the early modern 
period (before 1650 AD), iv) possibility of approved 
access and sampling. This study introduces the results 
from three selected objects, Týřov castle, Pyšolec castle, 
and Rýzmburk castle. The locations of the castles are 
shown on the map. 
  

 
 

Figure 1. Three historical castles selected for sampling 
on the map of the Czech Republic. 

 
The mortars of all three castles contained an abundance 
of charcoals. Following Table 1 summarizes the number 
of findings on the relevant areas of the historic walls. 

 
Table 1. Charcoal finds in the walls of three historical 

castles 

 The samples were processed in the laboratory and 
the prepared graphite targets were measured with AMS 
system MICADAS (Hungary) and MILEA (Czech 
Republic). Conventional radiocarbon ages were 
calibrated using calibration curve IntCal20 (Reimer et 
al., 2020) with freely available program Oxcal 4.4 
(Bronk Ramsey, 2009). 
 
Results 
 
 The calibrated time intervals were compared with 
the historical estimation of the castle building. The 
results for Rýzmburk castle are depicted in the Figure 2. 
The results of all three sampling campaigns will be 
presented and discussed. 

  
Figure 2. The comparison of the calibrated years with the 

historical interval for the Rýzmburk castle. 
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under project „Possibilities of radiocarbon dating of 

historic mortars“, No. DG20P02OVV028. 
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Castle No. of 
charcoals  

Researched 
area (m2)  

Týřov 14 60 
Pyšolec 

Rýzmburk 
20 
10 

78 
15 
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Radiocarbon dating is only available physical method 
that can decide if an ivory artefact is antique, and 
therefore can be legally traded. As a result of 
atmospheric nuclear weapons testing during the fifties 
and the sixties, 14C activity temporarily almost doubled 
compared to the natural pre-testing levels, creating a 
calibration spike called “bomb peak” (Hua et al. 2013). 
This artificially enhanced radiocarbon levels enable to 
date relevant samples with annual or even sub-annual 
resolution. The advantageous 14C enhancement is slowly 
fading, as the current radiocarbon levels have regionally 
reached pre-bomb activities (Hammer and Levin, 2017).   
 To compensate for this unfavourable trend, we 
search for additional information through research of 
chronology of the ivory.  
 Ivory of Elephantoidea (elephants, mammoths 
and relatives) exhibit a unique macroscopic pattern 
called Schreger lines (Figure 1), which is considered as 
important morphological feature to classify the members 
of the taxonomic group and to distinguish the ivory from 
the substitutes. This macroscopic feature is derived by 
tubule microstructure, that penetrates densely packed 
mineralized collagen fibres (Albéric et al., 2017). 
Although the growth of tusks has been roughly outlined 
(Alberic et al. 2017), the details remain unknown.  
 

Figure 1. Outline of a transverse cross-section of an 
African elephant tusk with Schreger lines. 

 
Results 

 
 To display ivory incremental tissues, we prepared 
microscopic sections of the ivory originating from 
captive or in-the-wild African elephants. The sections 
were analysed with scanning electron microscopy (SEM) 
and with X-ray fluorescence technique (XRF) to detect 
P, Cl, K, Ca, and Sr. 
 The SEM managed to display structures believed 
to have chronology that corresponds to a gradual growth. 
The images were analysed with developed in-house 
algorithm for automatic image analysis (Figure 2). 

 
Figure 2. SEM image of ivory intersection (left) and the 

pattern recognition by developed automatic image 
analyser (right). 

 
 XRF analysis provided partial information on 
chemical composition of the ivory intersections. The first 
preliminary result revealed possible correlation of 
chronological record with Sr traces (Figure 3). 

 
Figure 3. Strontium map of 3x2.22 mm ivory 

intersection analysed with XRF. 
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Over the course of the last century, a large 
amount of radioactive material was released into the 
environment. The major sources of environmental 
radiocesium are the accidents in Chernobyl and 
Fukushima (Steinhauser et al, 2014), and nuclear 
weapons fallout (Beck et al., 1990). To distinguish the 
source of contamination of a sample, at least two 
isotopes are required. The isotopic ratio 134Cs/137Cs is 
commonly used. Due to the rather short half-life of 134Cs 
(T1/2 = 2 y), it is not suitable for long-term analysis or old 
samples. The 135Cs/137Cs is much more suitable and 
hence the focus of this work.  

Our sample materials include biological materials 
from Chernobyl and Fukushima, ashed human lung 
tissue from 1960s from Austria, and trinitite samples 

from the Trinity Test Site, USA. The cesium of samples 
were chemically extracted to suppress isobaric 
interferences. The measurements by an ICP-QQQ-MS 
suppressed it even further by shifts in the reaction cell. 

The 135Cs/137Cs isotope ratios (see Figure 1) 
ranged around 0.35 for samples from Fukushima and 0.5 
for Chernobyl, in agreement with literature. The ratio of 
1.9 ± 0.2 in the lung tissue is characteristic for nuclear 
weapons. The trinitites exhibit a ratio below 0.4 that is 
unexpected for a nuclear weapon. This unexpected 
pattern is believed to be a result of fractionation of 
radiocesium isotopes that originated in gaseous nature of 
precursor isotopes inside the fireball (Snyder et al, 
2012).

Figure 1 135Cs/137Cs isotopic ratios in samples from different locations. Samples are classified according to their origin: 
Chernobyl, Fukushima, or nuclear weapons fallout. All values are date corrected to March 11, 2011 for better 
comparison. Darker areas show previously published values by other techniques and groups (Zok et al, 2021). 

We thank the DFG for funding (419819104) and the 
Stiftung Lenz for financial support of the Chernobyl 
sampling campaign, as well as DFG and the state of 
Lower Saxony for the acquisition of the ICP-QQQ-MS. 
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Numerous studies are currently focused on the 
identification of environmental pollutants with regard to 
natural radioactivity. Nowadays, radon is one of the most 
studied air pollutants, because the major part of the 
radiation dose, which humans receive from natural 
radioactive sources is due to radon and its decay 
products inhalation (UNSCEAR, 2009). 
 Usually the measured buildings are the dwellings, 
where the people spend the majority part of the time. 
The study focuses on radon concentration (CRn) 
investigation in kindergartens of Bulgarian district 
Montana and influence of building's characteristics on its 
variation. 
 The measurement of the CRn in all premises of 
the children's institutions was performed with passive 
detectors, which were processed and analysed with 
RADOSYS system. The survey started in December 
2019/January 2020 and ended April/May 2020 with total 
provided numbers of detectors of 656 number. The 
percentage of detectors loss is 8% and 602 results for 
rooms in the kindergartens were analysed. 
 Descriptive statistics are presented in Table 1. 
The average value of CRn in the premises of the studied 
kindergartens and nurseries on the territory of Montana 
district is 125 Bq/m3, and the geometric mean value is 88 
Bq/m3. The number of premises in which the CRn 
exceeds the national reference level of the average 
annual CRn in the air of public buildings and workplaces 
of 300 Bq/m3, defined in the Bulgarian legislation are 50 
or approximately 5%, which is lower than in three 
Visegrad countries - 7.5% (Műllerová, et.al., 2019). The 

maximum CRn of 1439 Bq/m3, measured in the children 
room is approximately five times higher the reference 
level. 
 
Table 1. Descriptive statistics of CRn in kindergartens of 

Montana district  
Parameter CRn  

Average arithmetic mean, Bq/m3 602 
Standard deviation, Bq/m3 125 
Median, Bq/m3 135.3 
Minimum value, Bq/m3 84 
Maximum value, Bq/m3 10 
CV, % 1439 
Geometric mean, Bq/m3 108 
Geometric standard deviation 88 

 
 The distribution of the CRn by municipalities has 
been determined. A statistically significant difference 
was found between the results by municipalities (KW, 
р<0.0001), which shows the influence of geology and 
geographical position on the CRn.  

 For a more detailed assessment of the impact of 
the presence of a basement and the way of using it, the 
results were analysed. The arithmetic mean of the CRn 
in buildings with basement is lower than in such without. 
Further, if the basement is used for residence the CRn in 
building is lower than in those where using for the 
basement only. 
 

 
 
Figure 1. The arithmetic means according the present of 

ventilation system and sewerage system 
 

The variations of the CRn in buildings depending 
on presence of a common ventilation and sewerage 
system are analysed (Figure 1). The Mann-Whitney test 
was applied and a statistically significant difference was 
found. The buildings that have built ventilation and 
sewerage systems have lower CRn. Therefore, the 
construction of a ventilation system in kindergartens is 
an appropriate preventive measure for reducing the 
radon concentration in new buildings. 

This study was developed in implementation of a 
national project under the National Science Fund of 
Bulgaria, in the framework of grant No КП-06- 
Н23/1/07.12.2018. 

UNSCEAR, 2009. Report 2006, Volume II, Annex E: 
Sources to effects assessment for radon in homes and 
workplaces, UN ed., NY.  
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Radon is a radioactive gas that is formed naturally by the 
breakdown of uranium in soil, rock and water. The new
requirements of ICRP and WHO include indoor radon
exposure control and establishment of a reference level
for the annual average activity concentration up to 300
Bq/m3 for existing dwellings and public buildings
(WHO, 2009). Radon measurements in school buildings
have long been conducted in many countries
(Zhukovsky, 2018). Systematic measurements in schools
in Bulgaria have begun and are progressing.

The study concerns the first radon concentration 
(CRn) measurements of all state school buildings in one 
of the Black Sea region, Varna district and analysis of 
indoor variation. 

The survey of 1185 premises located on floors 
close to the ground in 107 schools was carried of a 
passive method from December 2019/January 2020 to 
March/May 2020. Detectors type RSKS consisting of a 
CR-39 chip placed in a cylindrical diffusion chamber of 
RADOSYS were used to conduct the study in Varna 
district schools. The average value of radon 
concentration in the premises of the studied schools is 
130 Bq/m3, which is like as arithmetic means for Europa 
assessed by M. Zhukovsky, et. al., (2018), while the 
geometric mean value is 97 Bq/m3 is higher than 
European (84 Bq/m3). The number of premises that 
exceeds the national reference level of 300 Bq/m3 is 72 
located in 38 schools (approximately 36% of schools). 
The systematized results are presented in Table 1.  

Table 1. Descriptive statistic of radon concentration in 
schools of Varna district. 

An analysis of the data by municipalities in Varna 
district was performed. A statistically significant 
difference (KW, p <0.0001) was found between the 
studied groups by municipalities. Further, the 
municipalities were divided by localization to the Black 
sea coast in order to assess the difference. 

To assess in more detail, the exposure of pupils 
and teachers, the results are divided into four groups, 
depending on the method of use the premises and by the 
floor, where they are situated. The boxplot of the groups 
of premises by floors are presented on Figure 1. 

Figure 1. Boxplot of CRn grouped by floors and type of 
rooms 

The highest value of CRn was found in the study 
rooms used for specialized training as physics, 
chemistry, music etc. (155 Bq/m3), which can be 
explained by their smaller size and less frequent use. A 
statistically significant difference (KW, p <0.0001) was 
found, which means that the levels of radon in the 
studied premises depend on the way they are used. The 
CRn decreased with increased the floors i.e. with 
enlargement the distance from the ground, which is the 
main source of radon. 

The main point in the reducing children's 
exposure in schools is the CRn measurement and 
applying after that a corrective measures to the high 
radon values. 

This work was supported by under the national project of 
National Science Fund of Bulgaria, in the 
framework of grant No КП-06- Н23/1/07.12.2018.

World Health Organization. (2009). WHO handbook on 
indoor radon: a public health perspective.  

Zhukovsky, M., Vasilyev, A., Onishchenko, A., & 
Yarmoshenko, I. 2018. Review of indoor radon 
concentrations in schools and kindergartens. Radiat 
Prot Dosimetry, 181(1), 6-10. 

Parameter Radon 
concentration, 

Bq/m3 
Average arithmetic mean 130 
Standard deviation 128 
Median 91 
Minimum value 11 
Maximum value 1674 
Average geometric mean 97 
Geometric standard deviation 2.1 
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Already in the early 1960ies air filters were collected at 
the meteorological observatory Hohe Warte in Vienna, 
Austria, in order to determine the amount of aerosol 
bound fission products present in ambient air. In first γ-
measurements 141Ce+144Ce, 103Ru and 95Zr+95Nb were 
identified (Schönfeld et al. 1960). Some years later 137Cs 
and 239+240Pu concentrations were measured (Irlweck et 
al. 1981). While γ-spectrometry is a non-destructive 
method, the Pu measurements demand chemical sample 
preparation. For that reason, the air filters from 1962 and 
1963 are no longer available. However, we found it 
worthwhile to investigate the left-over filters (mainly 
from 1964-66) with regard to Pu atom ratios, and the 
more “exotic” 236U and 233U isotopes by using 
accelerator mass spectrometry (AMS). 241Am was 
measured by γ-spectrometry to re-calculate the originally 
existing 241Pu activity concentrations in air.  
 The absolute concentrations of the uranium 
isotopes 236U and 238U and of the plutonium isotopes 
239Pu and 240Pu were measured by AMS relative to added 
spikes (233U and 242Pu, respectively), and the 
corresponding 236U/238U and 240Pu/239Pu atom ratios were 
calculated. The 233U/236U atomic ratio was measured on 
unspiked sample aliquots.  
 As all Pu isotopes are anthropogenic, the ratio 
gives information about the source (bomb testing, 
Chernobyl accident, reprocessing plants). Nowadays the 
most part of 236U on Earth is anthropogenic, too, but in 
environmental samples it is mixed with natural uranium, 
therefore one can expect dilution or a lower 236U/238U 
atom ratio compared to a pure fallout sample. This was 
seen in many samples, e.g. in sea water samples from the 
Pacific and Atlantic Ocean, in surface water samples 
from Austria, and soil samples from the Canary Islands, 
which all gave ratios of 10-8-10-7.  
 Only samples from an ombotrophic bog and 
samples from antlers (both dated to the early 1960ies, i.e. 
the time of the maximum fallout from the bomb testing) 
gave 236U/238U atom ratios in the order of 10-6 (Quinto et 
al. 2013, Fröhlich et al. 2016). 
 The 233U/236U atom ratio is a quite new signature 
which allows to distinguish between civil nuclear 
emissions and weapons fallout (Hain et al. 2020). 
Considerably more 233U was released by nuclear weapon 
testing than by civil use of nuclear power. Measurements 
of ombotrophig bog samples revealed a 233U/236U fallout 
atom ratio of (1.40 ± 0.15)*10-2 and indicate that 233U 
deposition happened before the global fallout maximum 
in the early 1960ies. 

 Compared to other environmental samples, these 
filters are outstanding, as they still show a snapshot of 
the fallout concentrations in air within a clearly defined 
time interval (3 months) and are completely undisturbed 
from post-depositional migration processes. However, 
dilution of the aerosols with resuspended matter must be 
taken into consideration. 
  
  

 
Figure 1. 236U/238U atomic ratios in air filters 
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There are few data on the distribution of 14C 

concentrations in China after the nuclear weapon 

test, so there is a lack of knowledge on the 

transport patterns of 14C. In this study, tree ring 

samples (Hohhot (40.76463oN; 111.6924oE), 

Lanzhou (39.91093oN; 116.4134oE), Selim 

(44.6128oN; 81.40111oE), Xianyang (34.36391oN; 

108.7201oE), Jingyu (42.38872oN. 126.8133oE), 

Baoji (34.10905oN; 107.9088oE), Xi'an Taiping 

Forest Park (34.23053oN; 108.9343oE), and 

Huanzhong(36.27oN; 101.67oE)) were used to 

reconstruct the changes in atmospheric 14C 

concentration over the past 30 years. As shown in 

Figure 1, the red line shows the global 

atmospheric 14C background data, below the red 

line, indicating lower 14C concentrations (fossil 

fuel emissions) are emitted, as shown in Figure 2, 

the 14C concentrations recorded in the tree ring 

samples collected in the city and urban fossil fuel 

emissions masked the global post-nuclear 

explosion 14C High concentration signal. As 

shown in Figure 1, above the red line, tree ring 

 
Fig.1. 14C concentrations in different areas 

versus global 14C background data. 

samples collected in suburban areas or away from 

cities recorded 14C concentrations that either 

matched or were higher than the global 

background.  indicating these areas are 

influenced by higher 14C concentrations (Nuclear 

activity or experiments). It is worthwhile to 

further investigate whether this area is influenced 

by wider regional emission sources. 

 

 

Fig.2. Fossil fuel emissions from different study 

sites in China. 
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Abstract

Figure.1 240Pu/239Pu atom ratio and 239+240Pu inventories

Considering the long half-life and radioactivity of
plutonium isotopes, much attention has been paid to the
assessments of radiation risk of Pu in the environment.
The plutonium isotopes in Loess Plateau in China have
been investigated, but lacked the data on the migration
behavior of Pu.

Based on improvements from previous work (Zheng
et al.,2006), the vertical distributions and migrations of
the 239+240Pu in soil core sample collected in Loess
Plateau in GanSu Province in north western China were
analyzed in this work. The 239+240Pu activity
concentrations ranged from 0.01-0.36 mBq/g, with the
maximums mainly concentrated in 4-8cm. The
accumulative inventories of 239+240Pu were about
110Bq/m2, and this value is similar to that of nearby
areas in other investigation (Zhang et al.,2019). The
values of 240Pu/ 239Pu atom ratios ranged from 0.171±
0.009 to 0.218± 0.012, with a mean of 0.192± 0.012，
which supports that the dominant source of plutonium
isotopes in this study region is the global fallout.

The migration of Pu was evaluated by using the
convection-dispersion equation (CDE) model (Ni et
al.,2018) and different apparent dispersion coefficients
(D) were observed between two soil cores with similar
environment, 1.07cm2/y and 0.29cm2/y respectively. The
Fe, Mn and other heavy metals in soil cores were also
studied, the results of which indicate that this difference
was caused by the different contents of iron and
manganese oxide, excluded the effect of the organic
matter. In addition, other radionuclides (210Pb, 238U, 232Th,
226Ra, 40K) in the soils had been measured and this study
provide a background baseline of the local area for
further environmental monitoring.

This work was supported by grants from the National
Science Foundation of China (41773004, 12175046).
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The monitoring results of gross α, gross β, beryllium-7 
(7Be), and lead-210 (210Pb) activity concentrations from 
2018 to 2020 for environmental airborne aerosol samples 
around the Daya Bay Nuclear Power Plant are presented 
in this paper. The aerosol samples were collected by 
large ca-pacity sampling barrel, and the activity 
concentrations of samples were determined by low 
background α, β measuring instrument and HPGe γ 
spectrometer respectively. The rainfall amount present 
significant correlation with gross α, gross β, and 210Pb 
activity concentrations, while relative distance has 
negligible impact. 
 
Table 1. Sampling period (90 days) at different distances 

from Daya Bay NPP, distance (km), Gross α, Gross β, 
7Be, and 210Pb (Bq·m-2·quarter -1). 

 
 

 
Figure 1. Activity concentrations of gross α, gross β, 7Be, 

and 210Pb at different  distances from Daya Bay NPP. 
 
 
 
 
 
 

Table 2. Sampling period (90 days) at different distances 
from Daya Bay NPP, distance (km), Gross α, Gross β, 

7Be, and 210Pb (Bq·m-2·quarter -1). 
 

Date Average 
rainfall 

Number 
of 
samples 

Gross 
α 

Gross 
β 

7Be 210Pb 

2018.11.16-
2019.2.19 

72 5 14 25 119 76 

2019.2.19-
2019.5.10 

501 5 37 91 1415 383 

2019.5.10-
2019.8.2 

835 5 38 68 473 207 

2019.8.2-
2019.11.25 

502 5 27 62 346 341 

2019.11.25-
2020.3.11 

91 5 18 32 301 118 

 
 

This research was funded by Shenzhen Key Medical 
Discipline Construction Fund (No.SZXK068). 
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Distance Number 
of 
samples 

Gross 
α 

Gross 
β 

7Be 210Pb 

0-5 7 21.87 54.64 556.04 238.86 
5-10 7 26.53 51.10 474.63 227.57 

10-30 7 30.13 56.59 478.44 194.93 
30-50 7 31.99 65.10 429.53 219.29 
>50 7 28.81 56.03 450.73 201.36 
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Human nuclear activities including nuclear 
weapons tests and nuclear accidents have released large 
amount of radioactive substances to the environment. 
Due to the high volatility of iodine and high fission yield 
of radioactive iodine (129I, 131I), the released radioactive 
iodine has been dispersed and deposited in a large area. 
The long-lived iodine-129 is therefore can be used as an 
ideal tracer for investigation of the dispersion of 
radioactive substances in the atmosphere and assessment 
of environmental impact, meanwhile to study 
environmental process. 

About 100 surface soil samples (0-5 cm) collected 
from the Northeast China in 2014 were analyzed for 129I 
and 127I concentrations using accelerator mass 
spectrometry and ICP-MS after chemical separation of 
iodine from sample matrix and other interferences. The 
concentrates of 127I in the soil samples are 0.13-10.07 
µg/g, with an average of 2.67 µg/g, which is consisted 
with the observed value in a large spatial scale of China. 
The variation trend of 127I concentrations shows high 
values in the southeast region (Figure 1), which is 
attributed to the organic matter content in the soils and 
high precipitation rate in this region.  

 
Figure 1. The distribution of 127I (µg/g) in surface soil in 
the Northeast China 
 

The 129I/127I atomic ratios vary in 2.61×10-10 -
6.49×10-8, which are 2-3 orders of magnitude higher 
compared to the estimated pre-nuclear level (Fehn et al., 

2007). This level is also consistent with the level 
observed in other area in China. Significantly enhanced 
129I/127I ratios of more than 1×10-8 was observed in the 
Mid-eastern Inner Mongolia (MIM) (Figure 2). The high 
129I level in this region indicates that besides the global 
fallout, the European nuclear reprocessing plants and 
nuclear weapon testing in Semipalatinsk and Lop Nor 
are the fraction of anthropogenic 129I sources in MIM. In 
addition to the long-range atmospheric dispersal of 129I 
from nuclear fuel reprocessing plants, the dust and 
airflow carried 129I from the Lop Nor and Semipalatinsk 
might be interpreted as a dominated pathway for another 
significant 129I input in the MIM. The meteorological 
conditions and topographical factors worked together 
caused serious accumulation and deposition in this 
region.  

 
Figure 2. 129I/127I isotopic ratios in surface soils in the 

Northeast China. 

This work is supported by the Ministry of Science and 
Technology of China (No. 2015FY110800), 
Natural Science Foundation of China (No. 
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As an important fission product in the uranium nuclear 
fission, radioactive cesium (RCs) is one of the key 
nuclides in the high-level radioactive waste (HLW) 
disposal. The microscopic mechanism of interaction 
between Beishan granite and RCs is very essential for 
the performance and safety evaluation of the HLW 
disposal. In this work, batch experiments, electron probe 
microanalysis (EPMA), X-ray absorption fine structure 
spectroscopy (EXAFS) and micro-X-ray fluorescence 
(μ-XRF) spectroscopy had been used in studying the 
interaction between clay minerals or granite and RCs 
under different conditions. EPMA and μ-XRF confirmed 
that biotite and albite/microcline were controlling the 
retardation of RCs in Beishan granite. EXAFS analysis 
showed that Cs(I) adsorbed on Beishan granite and 
albite/microcline mainly as the formation of outer-sphere 
complexes, while more inner-sphere complexes when 
adsorbed on biotite. Since the high content of 
albite/microcline (about 70%) in Beishan granite, the 
sorption of Cs(I) on albite/microcline cannot be 
negligible. The general adsorption mode (GAM) for Cs 
adsorption can quantitatively describe and predict the 
adsorption-desorption behaviors of Cs(I) on Beishan 
granite. Groundwater with higher salinity could inhibit 
the fixation of Cs(I) on Beishan granite to some extent. 
However, the frayed edge sites on Beishan granite were 
still effective to trace RCs, and less affected by Beishan 
groundwater.  
 

 
Figure 1  EPMA of Beishan granite.  

 

 
Figure 2  EXAFS spectra of Cs(I) adsorbed on Beishan 

granite and biotite. (a) k-space, (b) R-space 
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We investigated the accumulation patterns of the 
artificial radionuclides 137Cs and 239,240Pu in anchovy – 
categorized into four groups by size– from Korean seas. 
The activities of 137Cs and 239,240Pu were in the ranges of 
74–137 mBq kg-1 and 0.27–3.21 mBq kg-1, respectively. 
They generally increased with increasing size (except for 
239,240Pu in large anchovy), indicating radionuclide 
accumulation by seawater uptake through respiratory 
and/or higher feed capacity as a manifestation of growth. 
However, the activity of 239+240Pu decreased sharply in 
large anchovy. The calculated concentration factors (CFs) 
of 137Cs in anchovy were 10.9–20.2, which are an order 
of magnitude lower than those in other marine organisms. 
However, the CFs of 239,240Pu in adult anchovy were 
14.0–162.8, which are significantly higher than those in 
other fishes and comparable (or even higher) to the 
IAEA recommendation values. The annual effective 
dose (AED) rates of 137Cs and 239+240Pu for anchovy 
consumption (per person) in South Korea were estimated 
to be 3.7×10-6–6.9×10-6 mSv yr-1 and 0.26×10-6–

3.10×10-6 mSv yr-1, respectively. The AED from 
anchovy consumption is insignificant relative to that of 
natural radionuclides. 
 
 

 
 

Figure 1. Comparisons of activities of (a) 137Cs and (b) 
239,240Pu in anchovy (black bars) according to size with 

other groups of marine organisms such as other fish  
crustaceans (Crus.), and mollusks (Moll.) (grey bars), 
data reported from Kim et al. (2019). The smallest-, 

small-, medium-, and large anchovies are expressed as 
XS, S, M, and L, respectively, for convenience in 

visualization. 
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The Vega AMS system at ANSTO Centre for 
Accelerator Science, based on a 1MV tandem 
accelerator, was custom-designed to achieve high 
sensitivity for high mass isotopes (Hotchkis et al., 2019).  
Helium gas stripping is used, providing >30% ion yield 
to the analysed charge state (3+).  The Vega sputter ion 
source (MC-SNICS) can achieve greater than 3% 
efficiency for production of plutonium oxide negative 
ions.  Therefore, a resulting overall sensitivity at the 
level of a few hundred atoms per sample is possible. 
 Such high sensitivity is only useful in situations 
where the radioisotope of interest is free from sources of 
contamination.  At ANSTO we prepare samples in a 
clean lab dedicated to ‘low-level’ samples.  We aim for 
an upper limit in the range of 1 to 10pg 239Pu in samples 
entering this lab.  Any samples which are expected to 
exceed this range are processed in an alternative lab and 
sub-sampled following dissolution.  However, sustained 
use of the ‘low-level’ lab and the AMS instrument for 
samples (and standards) containing Pu isotopes at the 
picogram level results in contamination in the attogram 
range (1ag ~ 2500 atoms).  As a result, the generally 
more abundant isotopes, 239Pu and 240Pu, and the isotope 
242Pu, which is used extensively as an isotopic spike, 
have backgrounds in the 5 to 50 ag range.  Our labs are 
are exposed to the isotopes 241Pu and 244Pu to a much 
lesser extent, and hence they have no such limitation. 
 Plutonium occurs widely in the environment due 
to nuclear explosions and accidental releases.  The larger 
nuclear weapons tests resulted in global distribution of 
plutonium, while other releases have a local or regional 
impact.  Understanding pathways for uptake of Pu into 
flora and fauna, and hence into food chains, enable the 
assessment of potential radiological doses to animals and 
humans.  Our group has been involved extensively in 
studies at the three former British nuclear test sites in 
Australia.  We have examined uptake into a variety of 
native and introduced species including kangaroos, 
lizards, rabbits and invertebrates (Johansen et al., 2016) 
at the arid inland Maralinga site.  Uptake of Pu has been 
studied in a variety of species of marine life at the 
Montebello Islands, off the NW coast of Western 
Australia (Johansen et al., 2019). 
 Our recent work in Japan (Johansen et al., 2021) 
has evaluated Pu uptake from soils to wild boar 
populations, in areas affected by the 2011 Fukushima 
nuclear power plant accident and by the 1945 Nagasaki 
nuclear detonation.  In both cases, the local sources can 
be distinguished from global fallout using their isotopic 
signatures.  Whereas 240Pu/239Pu isotopic ratios are 
typically used to distinguish such sources, we have 
found that the 241Pu/239Pu ratio can be a more powerful 

signature.  In particular, to distinguish global fallout 
from recent NPP spent fuel, the difference is a factor of 
100 for 241/239 ratios, while the 240/239 ratios differ by 
only a factor of 2 or 3. 
 In this work the soil-to-organism concentration 
ratio for wild boar was shown to be of the order of 10-4.  
With low Pu contamination levels near Fukushima and 
low 241/239 isotopic ratios at Nagasaki and the control 
sites, Pu isotopic analysis in the attogram range was 
needed for this work.  Interestingly, this work 
demonstrates the possibility to measure Pu concentration 
ratios purely from global fallout, enabling such studies 
virtually anywhere in the world. 
 244Pu is the rarest of the plutonium isotopes 
occurring in the environment; it is also the longest-lived, 
with a half-life of 80.6Myr.  With the detection of 60Fe as 
a remnant of near-Earth supernovae occurring in the past 
10Myr, there have been several attempts to discover if 
244Pu is associated with such events.  Using the 
sensitivity improvements gained at ANSTO, 244Pu has 
been successfully detected for the first time in deep-sea 
ferromanganese crusts along with 60Fe (Wallner et al., 
2021).  181 atoms (0.07ag) of extra-terrestrial 244Pu were 
identified in samples totalling 405g. 
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233U (T1/2=0.159 My) has recently entered the 
environmental radioactivity scene. The reason is the 
potential of the 233U/236U ratio to identify anthropogenic 
U sources (Hain et al., 2020). Both 233U and 236U 
(T1/2=23.4 My) were released worldwide during the 
atmospheric testing of nuclear weapons (i.e. global 
fallout). Unlike the case of 233U, the operation of 
conventional nuclear reactors has led to the massive 
production of 236U (i.e. due to the thermal neutron 
activation of 235U). Consequently, those regions either 
affected by nuclear reactor accidents or nuclear 
reprocessing activities show an enhanced presence of 
236U which translates into lower 233U/236U ratios. This 
feature opens the gate to a wide variety of applications. 
To date, the most reasonable estimation of the global 
fallout 233U/236U ratio is (1.44 ± 0.15)x10-2 (Hain et al., 
2020). About 14 kg of 233U would be present in the 
general environment. Therefore, extremely low 233U 
concentrations and 233U/238U ratios are found in general 
environmental samples. For instance, 233U/238U ratios at 
the level of 10-11 or 233U concentrations at the 105 at/kg 
level have been reported in surface oceanic waters (Qiao 
et al., 2020). To date, only a few Accelerator Mass 
Spectrometry (AMS) facilities with an expertise on 
actinides measurements have demonstrated their 
potential to measure 233U in environmental samples. This 
is the case of the 1 MV facility at the Centro Nacional de 
Aceleradores (CNA, Seville, Spain), and the 600 kV 
Tandy facility at the ETH Zürich, Switzerland. Due to its 
compact design, 233U/238U ratios at the 10-11 level and 
above can only be determined on the CNA system. The 
600 kV system, with an optimized design, offers 
sensitivities at the 10-13 or below.  
 
In this study, we discuss the possibilities that the 
233U/236U atom ratio offers as an oceanographic tracer. 
The case study is the western Arctic Ocean (i.e. samples 
from the GN01 GEOTRACES expedition). This region 
is especially interesting because is fed by Pacific and 
Atlantic waters with distinct U isotopic signals. Whereas 
Pacific waters are only fingerprinted with global fallout 
U, Atlantic waters also carry the signature of the 
European nuclear reprocessing plants.  
 
The 233U and 236U determinations were possible thanks to 
a collaborative effort between the Lamont-Doherty Earth 

Observatory (LDEO, New York, USA), the ETH Zürich 
and the CNA. Iron precipitates from a set of 140 5L 
seawater samples were produced at LDEO and 
subsequently sent to the CNA, where U was purified, 
and the cathodes processed. Those samples with the 
lowest expected ratios were analysed on the 600 kV 
Tandy AMS facility at ETH Zürich (Christl et al., 2015).  
 
We will show that: i) Pacific and Atlantic derived waters 
show enhanced signals of both radionuclides, which can 
be unravelled based on their 233U/236U signature; and ii) 
Deep and Bottom Waters show extremely low 233U and 
236U concentrations close to or below detection limits 
with isotopic ratios distinct from known anthropogenic 
U sources. The comparably high 233U/236U ratios are 
interpreted as a relative increase of naturally occurring 
233U and 236U and thus for gradually reaching natural 
233U/236U levels in the deep Arctic Ocean. Our results set 
the basis for future studies using the 233U/236U ratio to 
distinguish anthropogenic and pre-anthropogenic U in 
the Arctic Ocean and beyond (Chamizo et al., 2021). 
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Accelerator Mass Spectrometry (AMS) is the technique 
of choice for the detection of environmental levels of 
long-lived radionuclides with typical relative abundances 
of 10−12 to 10−16. Interferences from stable isobars 
however used to restrict the applicability of this method 
to selected nuclides. The novel Ion Laser InterAction 
Mass Spectrometry (ILIAMS) technique at the Vienna 
Environmental Research Accelerator VERA overcomes 
this limitation by element-selective laser photodetach-
ment of isobars in the ion beam (Martschini et al. 2019). 
This opens up exciting possibilities in environmental 
radioactivity research (90Sr, 99Tc, 135Cs), astrophysics 
(182Hf), and geology (26Al, 36Cl, 41Ca) (Martschini et al. 
2021). 
 ILIAMS exploits differences in detachment 
energies (DE) within elemental or molecular isobaric 
systems neutralizing anions with DEs smaller than the 
photon energy. Alternatively, these differences in DE 
can also facilitate anion separation via chemical 
reactions with the buffer gas, although the possibility of 
reverse reactions may cause some plateau effect not 
observed with laser photodetachment. In order to achieve 
the required ion-laser interaction times or ion-gas 
collision energies, the anion beam is decelerated to 
almost thermal energies within a gas-filled 
radiofrequency quadrupole. 
 We report on the successful application of this 
technique for AMS of 90Sr (T1/2 = 28.64 a). Up to now, 
90Sr detection limits of mass spectrometric techniques 
have been similar to the radiometric limit of 3 mBq (Bu 
et al. 2016) due to peak tailing of stable isotopes and/or 
interference from the stable isobar 90Zr. ILIAMS 
provides suppression of ZrF3

– and YF3
– vs SrF3

– of >107. 
 

 
 

Figure 1. 2D-energy loss spectrum from a 2-anode 
ionization chamber on a soil sample showing 90Sr. 

Extraction of SrF3
– from the ion source and elemental 

separation in the ionization chamber provide additional 
suppression of Zr of >105. The overall Sr-detection 
efficiency is 4×10–4 and the blank value 
90Sr/Sr = (4.5±3.2)×10–15. This corresponds to a 30-fold 
improved detection limit of (0.08±0.05) mBq, i.e. 
105 atoms of 90Sr in a sample of 1 mg of Sr. 
Measurement results on IAEA reference materials, first 
soil samples as well as Zr- and Y-spiked targets are in 
good agreement with their expected values and 
demonstrate the robustness of the technique. 
 For 135,137Cs and 99Tc, comparable detection 
sensitivities are in principle within reach from the point 
of isobar suppression (Ba and Ru, resp.), however other 
remaining challenges still need to be solved. Presently, 
cross contamination limits the 135,137Cs sensitivity at 
VERA to 135Cs/133Cs = 6×10–12 and 137Cs/133Cs = 3×10–12 
(i.e. 15 mBq/sample). While this is the most sensitive 
detection of 135Cs so far, it may not yet be sufficient for 
general oceanic samples. 99Tc on the other hand 
presently is accessible at levels of <107 atoms only at 
HIAF-ANU, Canberra, being the last remaining AMS-
facility with >14 MV terminal voltage. ILIAMS achieves 
at least similar sensitivities using TcF5

−, but the 
technique lacks a proper normalization method as there 
is no stable reference isotope available.  
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The 10Be/7Be ratio is a sensitive tracer for 

the study of atmospheric transport, particularly 
regarding stratosphere-troposphere exchange 
(STE) (Jordan et al., 2003; Raisbeck et al., 1981). 
Measurements with high accuracy and efficiency 
are crucial to 7Be and 10Be tracer studies. Due to 
the low counting efficiency of the γ-ray counting 
method, a large size of the sample and long-time 
measurement is often required. Measuring 7Be 
by AMS can significantly reduce the need for 
sample size and improve the detection limit by 
about 10-100 times (Raisbeck and You, 1988). 
The complete stripping method of 7Be have been 
carried out by few larger AMS. However, for 
low energy AMS that is difficult to obtain 
efficient complete stripping of Be, the method of 
7Be measurement using incomplete stripping is a 
feasible way, which is more widely applicable 
for all AMS. 

Firstly, the preparation procedures of 
rainfall/aerosol samples that is suitable for 7Be 
and 10Be by AMS measurement at same target 
have been established. 7Be analysis has been 
performed to by complete stripping method, 
which completely removed 7Li due to its 
electronic structure, using more homogeneous 
Si3N4 as a secondary stripping film, and same 
way for 10Be (Fig 1). 7Be/9Be background was 
less than 2×10-16. On the other hand, study for 
incomplete stripping method to 7Be has been 
analyzed by Xi’an-AMS (Fig 2). The magnitude 
of suppression for isobaric 7Li has been 
discussed at each stage, and another interference 
14N were found and analyzed. In addition, we 

discussed quality control and data calibration 
methods.  

A preliminary study of frequent STE 
events was revealed directly on the ground using 
high-resolution 10Be/7Be by Xi’an-AMS. 

 
Fig. 1 Spectra of complete stripping method 

 
Fig. 2 Spectra of incomplete stripping method 
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Underground experiments require detectors made of 
radioactivity free materials with minimum contamination 
by natural radionuclides, so very low background could 
be reached. This is essential in underground experiments 
investigating rare nuclear processes and decays, such as 
neutrinoless double beta-decays, searches for dark matter 
particles, in neutrino experiments, etc. 

Development of accurate and precise methods of 
determination of radionuclide concentrations in 
construction materials is therefore needed which would 
enable radiopurity control of large underground detector 
assemblies. 238U and 232Th (and especially their decay-
chain products), which can be found in almost all 
construction materials, represent the most important 
natural background sources in the detectors and their 
environments. 

Radiopurity control of construction materials is 
thus a must if planned detection limits of rare nuclear 
processes should be achievable. The acceptable 
contamination levels differ between various experiments. 
In new generation of experiments, they should be below 
1 nBq/g of material when almost “zero” background 
detection systems have to be developed.  

The most frequently used underground gamma-
spectrometry can solve many radiopurity control 
measurements, especially if large mass samples could be 
analysed (even about 1 kg and more). The main problem 
here is that the radionuclides which should be analysed 
in the samples (e.g. 214Bi and 208Tl representing their 
parent radionuclides 238U and 232Th, respectively) are the 
main background components of Ge gamma-
spectrometers. 

Therefore new technologies for analysis of 
primordial  238U and 232Th radionuclides are underway, 
based on mass spectrometry, which are especially 
important in cases when small samples should be 
analysed (such as gases, foils, wires, enriched isotope 
sources, etc.). ICPMS (inductively coupled plasma mass 
spectrometry) may represent one such method which has 
been successfully applied in radiopurity measurements. 

Another ultra-sensitive technology for radiopurity 
measurements can be represented by AMS (accelerator 
mass spectrometry). A Centre for Nuclear and 
Accelerator Technologies (CENTA) has recently been  
 
 

 
established at the Comenius University in Bratislava, 
comprising of ion sources for gas and solid targets, a low 
energy analysing and injection system, a Pelletron 
accelerator with 3 MV nominal voltage, and a high-
energy analysing system, which will be coupled soon 
with AMS line. One of the goals of the CENTA 
laboratory is the development of the AMS technique for 
radiopurity measurements at levels below 1 nBq/g and 
searching for radioactivity free construction materials.  

In this paper we shall present first results of AMS 
analysis of 238U and 232Th in materials of different origin 
(e.g., copper wires, copper holders, enriched 82Se source, 
etc.). The mass of samples was from 2.5 to 4.2 mg. As 
the full AMS line at the CENTA has not been 
operational yet, the measurements were carried out at the 
CIRCE laboratory. The same set of samples has also 
been measured by ICPMS at the LNGS.  

Separation of U and Th (e.g., from copper 
samples) was carried out as follows: 
-  Remove the surface contamination by ultrasonic bath 
in HNO3 
-  Dissolve the Cu sample in 4 M HNO3 (heated to 80°C)  
-  Dilute with MQ water and spike with 229Th (233U) 
- Separation of U and Th in pre-conditioned TRU 
column 
 - Column rinsed with 3 M HNO3 and elution of U and 
Th with 0.1 M ammonium oxalate 
- And finally, the solution was used for ICP-MS 
measurement. 

AMS solid target preparation was as follows: 
-  From ICP-MS solution (0.1 M ammonium oxalate) 
-  Add Fe3+ (decontaminated from Th and U with the use 
of UTEVA resin) to the solution 
- Precipitate ferric hydroxide/oxide with pure NH4OH 
(pH 8-10) 
-  Separate the precipitate by centrifuge 
-  Clean the precipitate 
-  Dry and bake the precipate (550°C, 6 h) 
-  Press in a Cu target holder for AMS measurements. 
 The measured concentrations were from 0.10 to 
14.17 ng/g for 238U, and from 0.34 to 12.78 ng/g for 
232Th, with uncertainties of about 10%. A reasonable 
agreement between the ICPMS and AMS measurements 
have been obtained.  
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The Gran Sasso National Laboratory (LNGS) is one of 
the most important underground site in the world for 
astroparticle physic research. It is operated by the Italian 
National Institute of Nuclear Physics (INFN) and hosts 
experimental apparata looking for rare and weak events 
related to dark matter (Aprile et al., 2018), neutrinoless 
double beta decay (Agostini et al., 2018) and neutrino 
properties (Agostini et al., 2020). In this field of 
research, the naturally occurring radioactive background 
mainly drives the sensitivity so that careful screening of 
the materials to be used in the experimental set up is 
mandatory. This is clearly shown in Fig.1 with regard to 
the LEGEND experiment perspective. 

 
Figure 1. Neutrinoless double-beta decay half-life 
discovery potential as a function of exposure and 
background rate in the LEGEND experiment (Abgrall et 
al., 2021). 
 
In this framework STELLA (SubTErranean Low Level 
Assay), the LNGS γ-ray spectrometry screening facility 
(Laubenstein, 2017), and the advanced inorganic mass 
spectrometry laboratory (Nisi et al., 2017) were 
continually upgraded in the last decades. Both have 
peculiar characteristics and potentials and play a 
fundamental role in the so-called “zero background” 
challenge. Very often, both techniques are used together 
on the same sample in order to have complementary 
information concerning natural radionuclides belonging 
to the same decay chain. 
Herein some results showing broken secular equilibrium 
will be discussed. In Table 1 are reported the results of γ-
ray and inductively coupled plasma mass spectrometry 
(ICP-MS) analysis for stainless steel (SS) and 
gadolinium sulfate octahydrate. In the samples both, Th 

and U chains, show a lack of the respective radium 
progeny. This fact is most probably due to some radium 
selective chemical treatment and/or purification 
procedure along the industrial production process. 
 

Table 1. Massic activities (in mBq kg-1) in samples 
measured by γ-ray spectrometry and ICP-MS 

 
The given examples definitely show that radiometric 
techniques and mass spectrometry are fully 
complementary to meet the ultra-low level background 
needs of the next-generation experiments. Furthermore, 
the check of secular equilibrium ensures a constant 
background rate throughout the lifetime of an 
experiment, which results in a more reliable data 
analysis. 
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 SS Gd2(SO4)3*8H2O 

nuclide γ-ray  ICP-MS γ-ray  ICP-MS 
232Th  4 ± 1  1.6 ± 0.2 
228Ra <2.2  <0.6  
228Th 4 ± 2  1.5 ± 0.2  

     
238U  50 ± 20  1.0  ± 0.3 

226Ra <2.4  0.5 ± 0.2   
234Th <340  <80  

234Pam <240  <17  
     

235U 4 ± 2 2.6 ± 0.5 <1.2  
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With increasing numbers of nuclear facilities, especially 
nuclear power reactors, being closed in recent years, 
decommissioning of these nuclear facilities becomes an 
urgent task (Judge, 2017). Characterization of various 
wastes generated from nuclear decommissioning for 
estimation of the inventories of all radionuclides is 
critical and necessary to support a safe and cost-effective 
waste management strategy (Horwitz et al., 1995). 
Among these radionuclides, long-lived 129I, 99Tc, 135Cs, 
and 126Sn, will become the main contribution of 
radioactivity at nuclear waste disposal sites after tens of 
thousands years. While the determination of so-called 
difficult-to-measure radionuclides, is not straightforward, 
as they require chemical separation/purification prior to 
their detection. A few of analytical methods have been 
reported for 129I (Suarez et al., 1996), 99Tc (Egorov et al., 
1998), 135Cs (Asai et al., 2011), however, methods 
developed for the determination of low-level 126Sn in 
waste samples are not available for the purpose of 
nuclear decommissioning. 
In this work, a novel analytical method was developed 
for the determination of 126Sn in spent ion exchange resin. 
Sn was selectively extracted from ion exchange resin 
using HCl and HNO3, and thereafter purified using an 
anion exchange chromatographic column. High 
decontamination factors of 1.1×10 6, 1.1×10 6, 
6.6×10 4, >4.2×10 3 and 4.4×10 4 for Co, Cs, Ni, Fe and Te, 
respectively, and chemical yield of > 80% for Sn were  
 

 
Figure 1. Chemical procedure for separation of Sn in 
spent ion exchange resin 
 
obtained. The isobaric interference of 126Xe to the 
measurement of 126Sn by triple quadrupole inductively 

coupled plasma mass spectrometry (ICP-MS/MS) was 
efficiently eliminated using collision/reaction cell with 
NH3-He as reaction gas. Moreover, the isobaric 
interference of natural 126Te was eliminated to be <10 
cps by chemical separation and can be quantitatively 
subtracted by monitoring the signal of 128Te. A detection 
limit of 6.0×10 -15 g (2.74 µBq) for 126Sn was achieved 
for 5 g samples. The developed analytical method was 
successfully applied for determination of 126Sn at 
femtogram level in spent ion exchange resin from 
nuclear power plant. The low 126Sn/137Cs atomic ratio 
(compared to ratio of fission yield in reactor) in spent ion 
exchange resin indicated different leaking sources and/or 
pathways between these two radionuclides. The 
developed analytical method is simple, robust and has 
the potential to be applied for other types of waste 
samples from nuclear decommissioning. 
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Polonium-210 is the progeny of 210Pb within the 

naturally-occurring 238U decay chain, and it is present in 
different environmental compartments and could be 
incorporated in human body via ingestion of water and 
food. Due to its widespread distributions in the 
environment, 210Po is considered as one of the most 
important environmental tracers. The main sources of 
210Po in the environment come from the decay of the 238U 
series radionuclides present in the soil, the precipitation 
of radon progenies from the atmosphere, burning of fossil 
fuels (especially coal combustion) for industrial and civil 
uses, volcanic eruption, forest fires, migration of sea-salt, 
and re-suspension of soil dust etc. As one of the most 
radiotoxic alpha-emitting radionuclides, 210Po is also an 
important contributor to the radiation dose received by the 
public, particularly the population consuming a 
significant amount of seafood in their diet and cigarette 
smokers. Therefore, rapid analysis of 210Po in various 
sample matrices (e.g., as water, soil, sediment, aerosol, 
foodstuffs, human and non-human biota) are often needed 
for environmental process tracing, radiation dose 
assessment and radiotoxicity studies etc. 

  
Table 1. Decontamination factors of actinides and Ra 

achieved by the 210Po micro-precipitation methods using 
copper sulfide and Te reduction 

 
The most commonly used methods for the determination 
of 210Po in environmental and biological samples have 
been developed on the basis of spontaneous deposition of 
210Po onto metallic surfaces to prepare a thin-layer 
counting source for alpha spectrometry. However, these 
spontaneous plating procedures often require Po to be 
deposited onto an expensive silver disk at elevated 
temperature (~90C) for several hours. The micro-
precipitation methods based on the copper sulfide (Guerin 
and Dai, 2013) and tellurium reduction (Song et al., 2017) 
with good decontamination factors of actinides and 
radium (Table 1), have also been developed for the 
preparation of the 210Po alpha counting source. These 
micro-precipitation methods have been successfully 
applied for rapid determination of 210Po in different 
environmental matrices including aerosol, water, soil, 

sediment, as well as urine samples (Fig.1). Details about 
these rapid methods and their practical environmental 
applications will be presented and discussed. 
 

 

 
 
 
 
 
 
 

Figure 1. Flow chart of rapid method for 210Po in solid 
sample by Te microprecipitation. 
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The necessity to use negative ions for injection into AMS 
systems which use tandem accelerators has, from its 
beginning, led to the use of molecular anions (negative 
ions) to inject the analyte atom. This strategy is required 
for those elements, typically metals, which have weak 
binding of an electron to the neutral atom and so produce 
very low (nA or less) beams from a sputter source. Early 
work used oxide or hydride beams, for example 
BeO−(Kilius et al, 1980), and of these, oxides continue to 
be commonly used.  While oxides provide stable target 
materials and beams, they are electrically insulating, so 
require mixing with a conducting binder. They also 
require powerful ion sources to generate usable currents 
and the presence of 3 oxygen isotopes can, in some cases, 
cause ambiguities in the beam that is mass-selected for 
injection.  

In 2010, Zhao et al published the results of an 
extensive investigation of molecular anions using 
fluorine, covering much of the periodic table. Not only is 
fluorine a mono-isotopic element, but the binding 
properties of molecular fluorine anions show a 
stoichiometric relationship which can provide useful 
isobar discrimination. 

Noting the high currents from a lead fluoride target 
reported by Vockenhuber et al (2003, the fluoride anion 
survey used PbF2 as a binder which, as soon became clear, 
was a source of fluorine atoms. This could be explained 
by a property of PbF2 discovered by Faraday (1838) in 
which the solid poorly conducting crystalline material at 
room temperature became electrically conducting at 
temperatures ~250°C. Given the energy that is typically 
deposited in a target by the sputtering beam and the 
probability observed for formation of anions with a range 
of numbers of fluorine atoms, it appears that in the region 
near the entry of the sputtering ion, not only are electrons 
mobile but also the fluorine atoms. 

Subsequent work has focused on the preparation of 
molecular fluoride anions for use with the Isobar 
Separator for Anions, including samples of calcium, 
strontium and caesium isotopes and fluoride matrix 
sample preparation methods (MacDonald et al, 2015). In 
addition, a search is on-going for other fluoride containing 
materials which could minimize some of the difficulties 
associated with certain combinations of elements with 
PbF2, such as deliquescence during target storage, and 
volatility during initial phases of sputtering in the ion 
source. A significant advantage has been demonstrated by 
Zhao and Francisco (2022) in the use of FeF3 as a 
fluorinating agent. Extraction methods typically include 

column separation followed by co-precipitation with 
either Fe2O3 or NdF3. However, the need to calcinate the 
precipitate at ~800 ◦C to produce Fe(OH)3 is not necessary 
with the use of FeF3. Alternatively, simply fluxing the 
analyte with milliliter sized quantities of concentrated HF 
is also possible. Analytical strategies to mitigate target 
volatility in the ion source will also be discussed. 

As an example, an unusual application for the 
highly sensitive analysis of 210Pb in plastic insulating 
materials has been developed for use by the Astro-particle 
physics community for deep underground detectors to 
search for dark matter and other rare events (Vivo-Vilches 
et al 2020 
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129I is chronically and regulatory released by fuel 
reprocessing plants e.g. Sellafield (UK) and ORANO La 
Hague (France) and also released in the atmosphere by 
nuclear power plants during normal operation process or 
in case of an accident. Iodine 129 is released by 
reprocessing plants not only in the atmosphere but also 
into the marine environment.  
The objective of this study is to develop a new 129I 
quantification method in order to evaluate for the first 
time the re-emission of iodine from the marine 
environment to the coast by gas or aerosol emission 
against direct atmospheric releases. To achieve this 
objective, two High Volume Sampler (HVS) are 
installed 2 km north of ORANO La Hague and are 
surrounded by the ocean except the east side. These HVS 
are connected to a proportional counter (LB134, 
Berthold). When 85Kr is detected, the first HVS is 
automatically started and the collected iodine is 
attributed to the reprocessing plant. When 85Kr is not 
detected anymore, the other HVS is started and the 
collected iodine is mainly attributed to reemission from 
marine environment. HVS contains filters to trap 
aerosols and coal cartridges to trap gaseous iodine. 
Filters and coal were selected after a study to be 
compatible with the analytical procedure. 
In fact, a new analytical method has been developed to 
analyse 129I and 129I/127I in these complex samples.  
ICP-MS measurement following a chemical treatment is 
an excellent alternative to AMS for the determination of 
129I and 129I/127I isotopic ratio. ICP-MS technique allows 
reaching LOD of ~ 0,3 mBq/L for 129I and 10-8 for 
129I/127I (Honda et al., 2018). Difficulties during 
purification and measurement are related to the extreme 
volatility of iodine and to its multiple oxidation degrees. 
Spectral interferences are mainly due to the isobaric 
129Xe+, present as impurity in the Argon gas and to 
polyatomic interferences generated by 127IH2

+, 127ID+, 
97MoO2

+ 113CdO+, 113InO+,115In14N+ and 89Y40Ar+ 

(Ežerinskis et al., 2014). Non-spectral interferences are 
related to the matrix and memory effects.  
In the presented work, the ICP-MS measurements were 
performed using an ICP-MS/MS (8900 Agilent®). The   
medium was meticulously studied to minimize spectral 
and non-spectral interferences. The octopole 
collision/reaction cell and the two quadrupole mass 
filters allowed minimizing polyatomic interferences. The 
isobaric interference due to 129Xe was eliminated after 
studying different reaction gas (O2, N2O and CO2) with 
on-mass and mass-shift detection modes.  

Solid phase extraction was developed and adapted to 
ICP-MS measurement medium.  
The new method, therefore, allows the measurement of 
iodine 129 either directly or after chemical treatment. 
The chemical treatment time has been reduced to 40 min. 
This step increased the test sample up to 1 L. A gain in 
sensitivity up to a factor 200 was observed and allowed 
reducing the detection limit up to 0,06 mBq/L after 
chemical treatment, which is 100 times lower than some 
current methods. 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Figure 1: Iodine’s transfer near to Orano La Hague 
 
Ežerinskis, Ž., Spolaor, A., Kirchgeorg, T., Cozzi, G., 

Vallelonga, P., A. Kjær, H., Šapolaitė, J., 

Barbante, C., Druteikienė, R., 2014. 
Determination of 129 I in Arctic snow by a 
novel analytical approach using IC-ICP-SFMS. 
J. Anal. At. Spectrom. 29, 1827–1834.  

Honda, M., Takaku, Y., Shikamori, Y., Matsuzaki, H., 
Sueki, K., 2018. Preparation of Iodine-129 
Standard Solutions for Triple Quadrupole ICP-
MS. J. Nucl. Radiochem. Sci. 18, 1–4.  

 

129I + 85Kr rejected in 

the atmosphere 

Orano La Hague 
Nuclear Fuel 

reprocessing plant 

129I transfered to 

coastline 

129I transfered to 

marine 
compartment 

129I directly rejected in marine environment  

137



 
 

 

 
 

Radiochemical Measurement Uncertainties & Correlations – Phase II 
[Deeper Into the Rabbit Hole] 

 
K.G.W. Inn1, K McCroan2, J. Filliben3 

1K&E Inn Ovations, Inc., Ewa Beach, HI, USA 
2US Environmental Protection Agency, NAREL, Montgomery, AL, USA 
3National Institute of Standards and Technology, Gaithersburg, MD, USA 

 
Keywords: radiochemistry, measurement uncertainty, uncertainty components, correlation  

Presenting author email: kgenwahinn@gmail.com 
 
 
The art of expressing measurement uncertainties can be a 
lifelong pursuit.  There are a number of documents on 
expressing measurement uncertainties.  Each has it pros 
and cons and the reader can find incremental 
enlightenment on the subject from each of the documents.  
ASTM D19.04 has published D8293-19 Standard Guide 
for Evaluating and Expressing the Uncertainty of 
Radiochemical Measurements that is aimed at a step 
further than that of the novice.  Included in the standard is 
detailed discussion about addressing each component in 
the canonical measurement function for radiochemistry: 
 
 

                   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
With D9293-19 as a point of departure, we 

demonstrate our methodology by expanding each of the 6 
terms in the above equation into a detailed list of 
uncertainty components. These structured lists serve as a  
starting point for the radiochemistry practitioner to 
generate a more accurate estimate of the uncertainty of the 
measurand, the activity concentration response [AC], and 
to gain critical insight into the relative importance of the 
details of the 6 terms in the equation. The compiled lists 
also force the researcher to address the question as to 
whether any of the components are intrinsically 
correlated, in which case we demonstrate the use of more 
general GUM uncertainty formulae which rigorously 
takes such correlations into account for calculating a more 
accurate AC uncertainty estimate. The net effect of this  
listing/correlation/computation process is that a number 
of heretofore "dark uncertainty" components in our 
measurement process may be successfully reduced, 
understood, and controlled.   
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Decontamination and decommissioning project of the 
nuclear facilities is now one of the biggest projects 
among the nuclear ones in the world. In particular, in 
order to reduce radioactive waste generated in the 
process of decommissioning nuclear power plants, 
accurate radioactivity measurement is required for 
decommissioning waste, and in this regard, strict quality 
control efforts for radioactivity measurement are 
required. 
Various methods can be employed to improve and 
maintain the quality of the measurement. The most ideal 
method for quality assurance to analyze the unknown 
sample is to prepare the reference materials having same 
matrix composition and the constituent content as the 
sample and analyze each time using the same test 
procedure. KRISS has recently developed a new method 
to develop a mass of RM over 100 kg and applied the 
method to develop matrix reference material using 
materials composed of components similar to concrete 
wastes. The RM using pseudo-concrete is probably the 
first attempt in the world and the procedure for  
developing the RM followed ISO Guide 30, 31, and 35 
as follows.  
After pretreatment and processing, the material was 
tested for homogeneity and massic activities were 
determined by measuring 241Am, 134Cs, 137Cs and 60Co. 
In the homogeneity test, the relative uncertainty of each 
nuclide was less than 4% (k=1), providing satisfactory 
results. The reference value and extended uncertainty for 
those isotopes will be reported later.  
 

Table 1. Relative standard deviations of 
radionuclides in pseudo-concrete RM   

Radionuclide RSD (%) N 
241Am 3.2 10 
134Cs 3.0 10 
137Cs 2.9 10 
60Co 3.0 10 

 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Scheme of the concrete RM preparation 
 
 
 
 
ISO/IEC Guide 35, 2006. Reference material-General 

and Statistical Principles for Certification, 
InternationalOrganisationforStandardisation. 
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A European wide proficiency test (PT) on measurements 
of the gross alpha/beta activity concentration in drinking 
water was organised by JRC-Geel between 2019-2020 
(REM2019 PT). This PT was requested by European 
Commission's Directorate-General for Energy (DG-
ENER) and the EU member states’ Euratom 

article 35/36 experts as a repetition of the same type of 
exercise in 2012 (Jobbágy et al., 2016). 
 
One commercially available natural mineral water (JRC-
GAB1) and a spiked water sample (JRC-GAB2) were 
provided as reference materials for this proficiency test 
after initial verification of their composition by gross 
alpha/beta and radionuclide-specific analyses. 
 
Reference values were established at the JRC-Geel and 
the Belgian Nuclear Research Centre (SCK CEN) using 
formulation and gross activity measurements or 
radionuclide specific measurements. The contribution of 
homogeneity, short-and long-term stability of the 
distributed PT reference materials to the uncertainty of 
the reference value was established (ISO 17043, 2010). 
The performance of each participating laboratory was 
evaluated with comparing to the reference value using 
percentage deviation, z-score and zeta-score (ISO 
13528, 2015). The reported results were further 
evaluated and grouped by analytical methods to check 
for method dependency, accreditation, radionuclides 
used for efficiency calibration, time delay and if 
documented ISO standards were followed. 
 
Altogether 154 European environmental radioactivity 
monitoring laboratories registered, of which 145 
submitted at least one measurement result. It was found 
that the close to 50% of the gross activity results still 
deviate more than the standard deviation for proficiency 
assessment (PT) which was set to 30% for the natural 
sample and 20% for the spiked sample, respectively. 
This relatively high proportion of deviation of the 
participants` results highlights the complexity of gross 
counting in natural ,matrices. This deviation is another 
reason why reference values based on consensus values 
should be avoided if possible. 
 
When the reported value with its uncertainty was 
evaluated using the zeta score, even fewer acceptable 
scores were found: 41% and 55% for gross alpha activity 
concentration; 38% and 62% for gross beta activity 
concentration in JRC-GAB1 and JRC-GAB2 PT 
reference materials, respectively. 

 
The general performance is therefore not satisfactory, the 
difference between laboratory results were between two 
to seven orders of magnitude, which falls far outside the 
measurement uncertainties. Only 14 participants had 
acceptable performance with regards to percentage 
deviation and zeta score for all 4 parameters to report. 
 
Comparing the PT exercises from 2012 and 2020, still 
the same general conclusions can be drawn. A key 
problem is that many variables influence or interfere 
gross activity measurements (Jobbágy et al., 2014). This 
makes it difficult to keep the analytical conditions under 
control and can lead to poor repeatability and accuracy 
as well. Therefore, it is of great importance to harmonise 
methods by fixing as many parameters as possible via 
true standardisation of the analytical methods. This was 
also observed when the results from standardised and 
non-standardised methods were compared. 
The outcome of the analysis is also influenced by the 
proficiency and skills of laboratory personnel especially 
where more radiochemistry is involved. It takes years to 
reach the necessary level of expertise and proficiency. 
Based on the best and most consistently performing 
participants (or methods), JRC is proposing “Best 
practices” to follow. 
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Extraction chromatography (EXC) is an efficient 
technique for separation and concentration of 
radionuclides from a variety of sample matrices. The 
EXC utilizes selectivity of liquid-liquid extraction in an 
easy-to-use column chromatography format. Typical 
applications include: 1) Environmental control 
measurements of natural and man-made radionuclides 
from diverse sample types such as water, various food 
products and soil/sediment. 2) Radiopharmacy products 
separation, purification, and quality control. 3) 
Decommissioning sample analysis from nuclear 
installations. The EXC is time-consuming to perform 
and requires handling of hazardous strong acids and, 
therefore, it is not a safe user-friendly laboratory method. 
 
The Hidex Q-ARE is an automated extraction 
chromatography instrument that processes the samples 
and provides a total walk-away freedom for the user. The 
instrument can process up to eight samples 
simultaneously utilizing six different mobile phase 
reagents including strong acids. The system is able to 
perform single and tandem EXC and, up to five elution 
fractions can be collected from one sample. Various size 
of prepacked and self-packed columns from 1 ml to 20 
ml are compatible with the Q-ARE instrument. The 
instrument performance has been verified in multiple 
laboratories analyzing water, soil and food samples. 
 
 
 
 
 
 
 
 
 
 

 
 
        Figure 1. Hidex Q-ARE 100plus instrument 
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 14C is a common radionuclide in our environment, 
due to its long half-life (5730 y) (LNHB, 2021), its 
natural origin in the atmosphere and its integration in the 
carbon cycle (IRSN, 2012). 
 In both terrestrial and marine ecosystems, natural 
14C tends to reach equilibrium in different environmental 
compartments (IRSN, 2012). Therefore, its measurement 
is very useful for the assessment of the impact caused by 
nuclear activities or fossil fuel industry on abiotic and 
biotic compartments (Michel et al., 2004). 
 In order to control the level of 14C in air, water, 
soil, food and biota, the laboratory of low activity 
measurements (LMBA) from the University of the 
Basque Country UPV/EHU has carried out a great deal 
of analysis for around 30 years, most of them within the 
framework of the National Surveillance Network. 
 As 14C is a medium-energy (156.476 keV) beta 
emitter (LNHB, 2021), in the LMBA its measurement is 
carried out by an ultra-low background liquid 
scintillation spectrometer 1220 QUANTULUSTM, from 
Perkin Elmer, which provides very low detection limits. 
 On the one hand, aqueous matrices that do not 
require detection limits lower than 2 Bq L-1 are treated 
following ISO/DIS 13162 standard (ISO, 2011), namely, 
by direct counting using Ultima Gold LLT. However, 
those samples that require detection limits lower than 
2 Bq L-1 are acidified and bubbled to remove CO2, which 
is absorbed using Carbo-Sorb® E and measured with 
Permafluor® E+ as scintillation cocktail. 
 On the other hand, organic or inorganic solid 
samples are prepared by means of 307 Sample Oxidizer, 
from Perkin Elmer, which combusts the sample material 
and separates 14C in CO2 form (Perkin Elmer, 2003). 
CO2 is retained in Carbo-Sorb® E and measured using 
Permafluor® E+ as scintillator. 
 Through its almost 40 years, the LMBA has made 
a big effort to implement a quality system, according to 
ISO 17025 requirements (ISO, 2017) and involving 
analytical procedures, such as 14C activity determination 
in any kind of sample. 
 In accordance with the quality system of the 
laboratory, analytical procedures should be internally 
and externally validated using reference materials and 
participating in interlaboratory comparisons, to be 
accredited by ENAC, the Spanish National Accreditation 
Body. 
 In the case of 14C, both internal and external 
validations are feasible in aqueous samples; however, in 
solid samples, validations still pose a challenge for 
laboratories, as it is not always easy to find reference 

materials and interlaboratory comparisons that match the 
needs of laboratories. 
 For these reasons, the objective of this work is to 
validate procedures for 14C activity determination in 
aqueous and solid samples developing fit for purpose 
strategies. 
 Due to the lack of suitable reference materials, a 
set of water and soil samples were spiked with different 
levels of 14C activity. When validating low-level 14C in 
solid samples, it was difficult to find any carbon-free 
solid material. Therefore, in order to solve this problem, 
we determined accurately 14C content of a soil sample 
before it being spiked with low 14C activity; increasing 
usual counting times to achieve the lowest possible 
detection limit. 
 After preparation, spiked samples were measured 
by liquid scintillation spectrometry (LSS). Accuracy, 
precision, reproducibility and linearity were analysed for 
the entire samples. For all the procedures, the studied 
parameters were in the acceptance range: accuracy as 
utest < 2.58, precision as uncertainty ≤ 15 %, 
reproducibility as dispersion < 15 % and linearity 
evaluated at two activity levels (10 and 100 times 
detection limit). 
 Despite all the mentioned difficulties, included 
the lack of quality control materials, the procedures have 
been validated and accredited under ISO 17025 (ISO, 
2017). Obtained detection limits are 1.4 Bq L-1 for direct 
counting of 10 ml of water, 0.1 Bq L-1 for bubbling of 
100 mL and 13 Bq kg-1 for 0.5 g of solid samples. 
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Radiocarbon is a beta emitter with a half-life of 5730 
years and it has a maximum energy of 156 keV. It is 
produced naturally in the upper atmosphere by various 
reactions and anthropogenically, in the nuclear power 
plants. Produced 14C atoms, which are oxidized to 14CO2 
then enter in the biological and geochemical carbon 
cycles. Taking in consideration the development of 
biobased economy in recent years, an efficient method 
for 14C testing is required. 
In The International Standard Test methods, in the 
ASTM D6866 guidelines, methods for determining 
biobased content using 14C analysis are described 
(ASTM International, 2021).  One of the methods, the 
direct absorption method, has been removed from the 
2012 version of standard method (ASTM International 
2012) due to its disadvantages.   
The Laboratory for Liquid Scintillation Spectrometry 
(LSC) at the Jozef Stefan Institute is accredited for 
performing radiocarbon measurements in liquids, gasses 
and solids according to ISO 17 025. The method 
currently performed in the LSC laboratory is the direct 
absorption method. This method is fast and inexpensive 
and it requires small amount of sample. However, 
because of higher background values, lower sensitivity 
and accuracy, optimization and improvement of this 
method is needed.  
In past years, in our laboratory, one of the critical points 
in this method was the big uncertainty, which was a 
result of the significant difference of measured values 
between the two replicates of the same sample. Given 
that, our aim was to perform internal method validation, 
which will improve the trueness, repeatability and 
reproducibility of the method. In this validation, we put 
our main focus on targeting the steps that contribute for 
that uncertainty and ameliorate their impact.   
For that purpose, we conducted four different 
experiments. For each experiment, we used cellulose as 
a sample material and benzoic acid as a background. 
Cellulose is a suitable reference sample, taking into 

account that in our laboratory this method will be used 
for the analysis of fruits and crops.   
Initial steps of the method, combustion and cooling, are 
common for all the experiments. Modifications that 
were made were regarding the flow rate, the size of the 
CO2 trap and trapping medium. First, we monitored the 
effect of two different flow rates, 0,1 L/min and 0.2 
L/min. Additionally, we used two different sizes of CO2 
traps, small and big. Regarding the mixture, we made a 
comparison between using a CarbonTrap first and then 
adding a CarbonCount after the trapping of CO2 and 
preparing a mixture of these two components and then 
tapping the formed CO2. 
In order to examine and confirm the reproducibility of 
the chosen method, three analysts performed analysis on 
three environmental samples.             
All measurements were performed on ultra-low level 
liquid scintillation counter Quantulus™ 1220. The 

counting efficiency was determined with the use of the 
external standard method (SQP(E)) and standard 
addition method. 
Comparison of the obtained results indicates that most 
suitable conditions for trapping CO2 is at a flow rate of 
0.1L/min, for a period of 25 minutes, with a small trap 
filled with mixture of CarbonTrap and CarbonCount 
before trapping of CO2.  
These conditions resulted in better repeatability, which 
consequently resulted in lower uncertainty values.  
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Gross alpha/beta measurement are applied widely as a
screening technique in the field of sea environmental
monitoring. α/β-discrimination liquid scintillation
counting (LSC), due to its high detection efficiency (up
to 100%) and low background count rate, is a useful tool
for the determination of gross α/β activities. Sample
capacity and α/β-discrimination of liquid cocktail are
key factors of determining gross α/β activity in seawater
using LSC. In this study, a high sample capacity liquid
cocktail was developed, with a good performance of α/β
discriminaiton at the seawater sample to cocktail ratio of
8:12. Based on the developed cocktail, the gross alpha
and beta in seawater could be directly screened in
nuclear emergency. For the low limited detection, a
method of determination of α/β activity in seawater was
developed based on co-precipitation of Ti4+and
Sr(Y)CO3 and liquid α/β discriminaiton counting
technique. Sr and Y was respectively as tracer of 90Sr
and 90Y(Pu, Am, Cm, U and Th). Accurate amount of Sr
and Y was added into 100 mL seawater, followed by
addition of 25 μg Ti4+ , and then the pH was adjusted to
7.0-8.0 using NH4OH. After this, 3 mL of 4 M Na2CO3
solutions was added into seawater. Seawater sample was
stirred for 30 minutes for the formation of precipitation.
Precipitation was separated from the supernatant by
centrifugation, and dissolved using 0.7 mL of high
concentration of HCl solution. The dissolved solution
was weighted to 8 mL using upper pure water，followed
by the measurement of portable X-ray fluorescence
spectroscopy(XRF) for the chemical recovery within one
minute for a sample, and then mixed with 12 mL of
developed cocktail in this study. The sample was
counted on the model of α/β discriminaiton using Hidex
300SLL. The detection efficiency of α and β was closed
to 100% under optimal counting condition. The method
was preliminarily tested using seawater spiked with 240Pu.
The measured activity agreed well with the expected
activity, with deviation of about 6%. The method will be
tested with 1 L seawater for optimizing the process to
monitoring gross alpha and beta activity in
environmental seawater sample.
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Alpha spectrometry is, because of its very low 
background, a very useful and sensitive method to 
analyse alpha-emitting radionuclides. This sensitivity 
can be diminished if the detector presents recoil 
contamination. This last one is the result of the recoil 
fragments, ions resultant of the alpha decay that, 
depending on their kinetic energy, can reached the 
detector and, if they get being implanted in the detector 
surface, they will contaminate it. As a result, there can 
appear interferences that will affect the suitability of the 
activity measure.  
The most common methods used to avoid this recoil 
contamination are those ones: to apply a negative bias in 
order to attract the positive recoil ions to the base where 
the alpha-emitting source (a stainless steel disk) is placed 
and to cover the source with a thin film (Sill and Olson, 
1970). 
Some authors have used flexible collodion as a film, but 
the film shows damage after some weeks exposure (Inn 
et al., 2008). The thin film used by our radiochemical 
equipment is a mix of cyclohexanone and poly(vinyl 
chloride-co-vinyl acetate-co-vinyl alcohol), called vyns, 
that it is supposed to be in good conditions in spite of the 
passage of time. 
Before undertake the experimental measures, for all 
those radioisotopes measured by alpha spectrometry, it 
has been calculated: the energy that recoil nucleus will 
have, the range of these recoil particles into the vyns and 
the energy loss by alpha particles when cross it. As a 
result, the amount of vyns that have to be used to cover 
the source is obtained: 60µg. With this value, it can be 
stated that: 
• Recoil particles will be retained by the vyns as their 

range are lower than the thickness of it (9 10-6 cm). 
• All emitted alpha particles will reach the detector and 

so, the use of the vyns will not diminish the number 
of counts that must be recorded for each analyzed 
isotope. 

• The knowledge of the energy loss by alpha particles 
after crossing the vyns make possible to identify 
properly all the peaks observed in the spectrum, also 
the possible interferences.  

The effects of vyns coating and applying negative bias 
over recorded spectrums are analyzed measuring 6 
samples that present an important activity of Thorium 
(Th-232, Th-230, Th-229 and Th-228). 
All samples have been measured in the same alpha-
particle spectrometer equipment, a 450 mm2 passivated 
implanted planar silicon detector (PIPS). Energy and 
efficiency calibration of the detector is made using a 
standard electroplated calibration source of 96.5 Bq and 
measurements have been carried out at 5 mm detector-

source distance. The efficiency of the detector is of about 
25% and its background of 5.8 10-5 cps. 
All of them have been measured after stablishing a 
vacuum in the chamber. There have been recorded 3 
spectrums of the same sample: in the first one, to avoid 
recoil contamination a thin film covers the sample, in the 
second one the negative bias is established using 4 
batteries of 3V (settled in parallel) and finally, a measure 
without preventing recoil contamination in order to 
quantify the effect of applied negative bias. 
The analyses of the spectrums shown that: 
• The use of batteries has not been useful in order to 

avoid recoil contamination. 
• The use of the thin film has avoided recoil 

contamination. 
• When measuring the samples applying a negative 

bias, the number of counts recorded by the detector 
for each isotope is about 10% less than obtained 
when using a thin film layer.  

• Parameters as FWHM and FWTM are also different: 
with batteries, these parameters are 38% and 28% 
lower, respectively. The use of the vyns affects more 
the resolution obtained. 

 
The analytical calculations pointed out that the use of the 
vyns would not alter the results of the activity that 
should be reported during the measurement and its use 
would be a proper way to avoid recoil contamination. 
Recorded spectrums confirm these calculations.  
 
 

Sill C.W., Olson D.G., 1970. Sources and Prevention of 
Recoil Contamination of Solid-State Alpha Detectors. 
Analytical Chemistry 42 (13), 1596-1607 

Inn K.G.W., Hall E., Woodward IV J.T., Stewart B., 
Pollanen R., Selvig L., Turner S., Outola I., Nour S., 
Kurosaki H., LaRosa J., Schultz  M., Lin Z., Yu Z., 
McMahon C., 2008. Use of thin collodion films to 
prevent recoil-ion contamination of alpha-
spectrometry detectors. Journal of Radioanalytical and 
Nuclear Chemistry 276 (2), 385-390. 

 
 

145



 
 

 

 
 

A new methodology to determine natural radionuclides by gamma-ray spectrometry using a 
general efficiency function corrected due to self-absorption effects 

 
A. Barba-Lobo1, C. Romero-Forte1, F. Mosqueda1 

 
1Radiation Physics and Environment Group (FRYMA), Center for Natural Resources, Health and Environment 

(RENSMA), University of Huelva, 21071, Huelva, Spain 

Keywords: Gamma-ray spectrometry, Efficiency calibration, Self-absorption, NORM. 
Presenting author email: alejandro.barba@dci.uhu.es 

 
In several fields of environmental radioactivity and 
radiological protection, the determination of natural 
radionuclides is required, being most of them, or their 
short half-life daughters, gamma emitters such as 210Pb, 
228,226Ra, 234,228Th and 40K in matrices of highly variable 
composition and density, such as samples of NORM type 
(Naturally Occurring Radioactive Materials) (Barba-
Lobo et al., 2021-a; Barbero et al., 2014). Therefore, the 
efficiency calculated for the calibration sample must be 
corrected due to self-absorption effects in order to obtain 
the efficiency for the problem sample. 
 This work aims to obtain a general function of full 
energy peak efficiency (FEPE) in cylindrical geometry 
dependent on the thickness of each selected test sample 
(h) for each gamma emission of interest ( ). 
Furthermore, a general function has also been obtained to 
calculate the mass attenuation coefficients (η) of samples 
whose compositions are known such as samples of 
industrial waste (scales), minerals or phosphogypsum. 
After determining the general function of η, it is possible 
to evaluate the self-absorption correction using the so-
called self-absorption correction factor (f) (Barba-Lobo et 
al., 2021-b; Cutshall et al., 1983), which is especially 
relevant for low energies (  < 150 keV). 
 To obtain the general efficiency function, the  
without interferences and more intense were selected and 
then, the calibration standards were compacted until 
reaching the desired thickness (h), which was varied from 
5 to 50 mm. After obtaining the experimental values of 
FEPE in the calibration sample for different  and h, an 
empirical function was fitted for FEPE versus h at each 

, obtaining a general efficiency function, . To 
calibrate in efficiency, an extended energy range (XtRa) 
high purity germanium detector was employed. On the 
other hand, in the case of the general function of η, which 
depends on  and the chemical composition of each 
sample, it was necessary to fit the η values, which were 
tabulated by the NIST (NIST, 2004), versus  within the 
range from 20 keV to 2000 keV for each chemical element 
(from Z = 1 (H) to Z = 92 (U), where Z is the atomic 
number). After making the fittings for each chemical 
element, the parameters resulting from those fittings were 
fitted, in turn, versus Z, obtaining . Thus, it is 
possible to obtain the general efficiency for the matrix of 
each problem sample, ε, by means of . 
 Regarding the results obtained for , it has been 
verified by the Chi-square test, as well as by simulations 
carried out by the Genie 2000 software (Canberra 
Industries, 2004), that the empirical function, found for , 

fitted the experimental FEPEs. Moreover, the function 
obtained for ε has been validated by using certified 
problem samples, obtaining very good  values, 
demonstrating, in turn, the good validity of the function 
obtained for f. Besides, it has been observed that in certain 
cases, the  curves behaved in a somewhat different way 
with respect to the expected ones. This is due to the great 
importance of the self-absorption effects and the true 
coincidence summing (TCS) effects. However, in our 
case, these TCS effects can be completely negligible, 
since it has been calibrated in efficiency by varying h 
instead of . 
 Considering the obtained results, as well as the 
previous discussion, we can conclude that the new 
methodology followed in this study to determine natural 
radionuclides works correctly. Furthermore, we have 
verified that this methodology used to calibrate in 
efficiency is very recommendable, since TCS effects can 
be negligible, making it much more appropriate to 
calibrate in efficiency by varying h instead of . 
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Polonium-209(Po-209) is a tracer of Polonium-210(Po-
210) during separation and preconcentration of Po-210 
from matrix samples. Po-210 is analysed in 
water(Cowen, 1977), food(Hurtado, 2017) and 
urine(Nicolas, 2015) due to its toxicity(Scott, 2007). The 
accuracy of Po-210 activity in matrix is mainly based on 
the accuracy of Po-209 tracer. Therefore, reference 
material of Po-209 is needed. Po-209 is obtained by 
reaction of 209Bi(p,n)209Po, as there is no Po-209 in 
nature environment.  
 Bi-209 was electroplated on Cu target and 
irradiated by proton beam of 9.4 MeV on the CS-30 
cyclotron of Sichuan University. The current of proton 
beam was controlled at 50 μA and one target was 
irradiated for 10 to 20 hours. The irradiated Bi-Cu target 
was dissolved by 8 mol·L-1 HNO3 after cooling for 9 
months. There were Po-209, Cu, Bi and Zn-65 in 
dissolved solution. A rapid radiochemical process 
(Figure 1) was designed to separate very small mole 
fraction of Po-209 from large mole fraction of Cu, Bi, 
Zn-65. The dissolved mixture was changed into 8 mol·L-

1 HCl and was loaded on Sr specific resin according to 
the high distribution ratio of Po while low distribution 
ratio of Cu, Zn and Bi on Sr resin in 6-8 mol·L-1HCl. 
The resin was then eluted with 20 mL 8 mol·L-1 HCl to 
wash Cu, Zn and Bi. Finally, Po-209 was eluted by 30 
mL 0.1 mol·L-1 HNO3. 
 

8 mol·L-1 HCl 
Cu、Zn-65、Bi（40 mL）

0.1 mol·L-1 HNO3

Po-209 (20 mL)

Sr specific resin

Irradiated Target

Dissolved solution

8 mol·L-1 HNO3

Change to 8 mol·L-1 HCl

 
Figure 1. Schematic of separation of Po-209 from 

dissolved solution.  
 
 Zn-65 in Po-209 solution was checked by the 
gamma energy spectrometry and the result showed that 
the peak of 1115.5 keV was at ground level. The alpha 
source of Po-209 was prepared by Tellurium micro-
precipitation(Song, 2017). It was shown in Figure 2 that 

the alpha spectrum of Po-209 was clear. However, there 
was a little Po-208 and Po-210 in Po-209 product. The 
activity ratio of Po-209 to Po-210 was 7.8. The fraction 
of Po-210 will decrease due to its short half-life. The 
activity of Po-209 was 3780.80±1.45 Bq(October 14th, 
2019), which was determined by liquid scintillation 
counter. 
  

 
Figure 2. Alpha spectrum of Po-209. 
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Introduction 
 
 The spent nuclear fuel reprocessing produces a 
large amount of high-level liquid waste (HLLW). HLLW, 
accounting for more than 95% of the total radiation 
dose of spent fuel, includes 99.9% of fission products. 
At present, the more mature technology for processing 
HLLW in industry is glass solidification. However, in 
the vitrification of HLLW, Palladium may reduce the 
glass curing efficiency, and even threaten production 
safety due to its low solubility (Y. Wu, S.Y. Kim, D. 
Tozawa, 2012). Therefore, the separation of Pd(II) 
may not only enhance vitrification, but also benefit 
safety of the process. 
 Besides, palladium is in short supply in the 
precious metal market (Venkatesan K A, Selvan B R, 
Antony M P, 2005), and the separated palladium has a 
low radiation level so that it is widely used in 
industrial products and brings good economic benefits. 
  
Experiment 
 
 In order to study the adsorption effects and 
mechanism of Pd(II), several insoluble metallic 
hexacyanoferrate powders were used in this experiment. 
Considering that industrial applications require better 
hydraulic and mechanical properties, hexacyanoferrates 
were supported in the pores of the silica carrier. The 
adsorption performance of hexacyanoferrate powders 
and hybrid adsorbents of hexacyanoferrate were 
investigated. The adsorbents were characterized by SEM, 
XPS and XRD. The effects of factors such as the 
concentration of nitric acid, shacking time and the 
concentration of Pd(II) on adsorption were studied, and 
the adsorption kinetics and adsorption mechanism were 
explored. 
 

   
Figure 1. SEM of KAlFe(CN)6 and KAlFe(CN)6 /SiO2 

 
Results and Discussion 
 
 Adsorption and EDS results show that 
hexacyanoferrates show good adsorbility for Pd(II), and 
insoluble hexacyanoferrates were successfully loaded 

into the silica carrier. XPS results revealed that the 
adsorption mechanism is ion exchange. The adsorption 
of Pd(II) by hexacyanoferrates followed the pseudo-
second-order kinetic equation, which means chemical 
adsorption. The adsorption equilibrium attained within 
60 mins in the mixture of 1M NaNO3 and 3M HNO3 
solution, and the Kd value could reach 3600 cm3/g even 
in 3M HNO3. 
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The rapid development of nuclear energy 
production and a major increase in the use of radioactive 
materials for non-nuclear industry raises the demand for 
novel approaches of adsorption and concentration of 
contaminated aqueous solutions[1 ]. Much attention has 
been directed towards the separation of the REEs (rare-
earth elements) from radioactive contaminated water for 
environment protection. In this research, we synthesized 
a hybrid phosphonate functionalized silica adsorbent by 
grafting TBP on the surface of mesoporous SBA-15.  
The adsorption performance of hybrid adsorbent for 
dysprosium (Dy) was studied. 

Tri-n-butyl phosphate (TBP) is a classic 
extractant used in the PUREX process for nuclide 
separation due to its high affinity of phosphoryl group[2]. 

Two different grafting approaches, chemical 
grafting and radiation grafting were executed to obtain 
SBA-TBP-C and SBA-TBP-R respectively. The hybrid 
adsorbents were characterized by FT-IR, NMR, XPS and 
TG-TGA. The adsorption behavior of hybrid adsorbents 
was evaluated by batch experiments. The effects of 
initial metal concentration, contacting time and co-
existing noble metal ions were determined. 

The 13C solid-state NMR indicated the 
successful grafting of TBP in the surface of silica (Fig.1). 
According to the batch test, the adsorption efficiency of 
Dy(III) for both hybrid adsorbents was increased with 
increasing pH in 0.01M NaNO3 solution. The removal of 
Dy(III) achieved around 100% at pH=5 (Fig. 2). Three 
classic adsorption isotherm models (Langmuir, 
Freundlich and Redlich-Peterson) were employed to 
study the relationship between the adsorbent and 
adsorbate (Fig. 3). For Redlich-Peterson model, the 
theoretical maximum adsorption capacity of SBA-TBP 
was calculated to be 0.276mmol/g at pH=5, which was 
close to the experimental result. 

 
Fig. 1. Solid-state 13C CP-MAS NMR spectra 
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Fig. 2 Removal of Dy(III) at different pH 
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 Fig. 3 Adsorption isotherms 
Thus, the phosphonate functionalized 

mesoporous silica were successfully synthesized. These 
hybrid adsorbents show excellent adsorption 
performance for rare-earth elements. 
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239Pu (T1/2 = 24100 y), 240Pu (T1/2 = 6561 y) and 

241Pu (T1/2 =14.4 y) have been not only the focus of the 
attention in the field of radioecology because of their 
high chemical toxicity and radioactive toxicity, but also 
increasingly applied as powerful tracers for various 
environmental studies in recent years. Given the ultra-
trace levels of Pu isotopes in environmental samples, it is 
very challenging to accurately measure them in samples 
with small amount. Thus, it is of particular importance to 
develop a method for accurate determination of Pu 
isotopes in small environmental samples.  

ICP-MS/MS equipped with a collision-reaction cell 
(CRC) in NH3-He mode has previously shown its ability 
to obtain both high removal efficiency of interferences 
and remarkable intensity of Pu signal [1-2], making it 
possible to simultaneously determine ultra-low level 
239Pu, 240Pu and 241Pu in environmental samples with 
small sample amount. However, the mechanism of the 
influence of NH3 on U interference elimination is still 
not very clear.        

This work aims to investigate the mechanism of U 
interference removal by reaction with NH3 and the Pu 
sensitivity improvement by collision with He, in order to 
develop a highly sensitive analytical protocol for the 
determination of Pu isotopes (239Pu, 240Pu and 241Pu) in 
small amount environmental samples (< 2 g) by ICP-
MS/MS equipped with a CRC in NH3-He mode. 
Meanwhile, the sample purification methods of both 
anion exchange chromatography and extraction 
chromatography will be evaluated to establish a method 
for rapid determination of plutonium isotopes in small 
amount sediment samples for sediment dating. 

Results showed that the interference of uranium 
and uranium hydrides was effectively eliminated using 
0.4 mL/min NH3 as reaction gas by shifting them to 
U(NHm)n

+ and UH(NHm)n
+. The overall interference of 

uranium was reduced to < 2.4×10-7, while still remaining 
excellent 239Pu sensitivity (13900 Mcps/(mg/L)) mainly 
due to ion focusing effect of Pu by helium gas. 

On this basis, the purification of plutonium using a 
single AG1-×4 column was proved to be sufficient for 
accurate determination of plutonium isotopes by the 
developed detection method, and the detection limits for 
the method were estimated to be 0.16 fg (0.4 µBq) for 
239Pu, 0.046 fg (0.4 µBq) for 240Pu and 0.039 fg (0.15 
mBq) for 241Pu, respectively. The method was validated 
by analyzing plutonium isotopes in certificated reference 
materials and reported environmental samples of only 
1~2 g. The analytical results of ultra-trace Pu isotopes in 

small amounts (~1 g) of lake sediments (Fig. 1) obtained 
by the developed method were successfully applied to 
sediment dating.  

 

 
 

Fig. 1 Depth distribution of (a) 239Pu and 240Pu 
concentrations and (b) 240Pu/239Pu atomic ratios in a 

sediment core collected from Lake Ge in Central China. 
The red dashed lines indicate the global fallout value of 

0.18 ± 0.02. Horizontal error bars correspond to ± 1 
standard deviation. 
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Ultra-low level analysis of 239,240Pu in plant samples may 
be required for environmental monitoring, ecological 
migration process and biological availability studies. A 
reliable method to determine sub-femtogram level of 239, 

240Pu in plant sample has been developed using compact 
accelerator mass spectrometry (AMS). Pu was leached 
with HNO3 from plant matrix after ashing, then the 
AGMP-1 M resin column was used to purify Pu from 
sample matrix and interfering elements. After target 
preparation using mixed titanium/iron oxides, the final 
sample was measured by 300 kV AMS at Swiss Federal 
Institute of Technology in Zurich (ETH Zurich) (Figure 
1). The average recovery of Pu in entire procedure was 
higher than 80% for large-size plant samples. the method 
was validated using 20 g plant samples spiked with 
known amounts of 239Pu as well as the certified reference 
materials IAEA-446 (Baltic Sea seaweed) or NIST 4359 
(Ireland and the White Sea seaweed) (Table 1), and all 
the measured results were in good agreement with the 
expected values. The detection limits (Ld) for the method 
were estimated to be 0.15 fg for 239Pu and 0.09 fg for 
240Pu, demonstrating the feasibility of AMS for the 
determination of sub-femtogram level of 239,240Pu in 
environmental plant with global fallout signatures. To 
the best of our knowledge, this is the lowest Ld obtained 
by AMS or ICP-MS compared to the reported values at 
present (Table 2). 

 
Figure 1. Flow diagram of the analysis method for 

plutonium in plant sample 

Table 1. The measurement results of 239Pu and 240Pu for 
spiked samples and certified reference materials  

Sample ID 

239Pu, fg/g 240Pu, fg/g 
Reference 

value 
Measured 

value 
Reference 

value 
Measured 

value 
Spike-1 0.051 ± 0.003  0.048 ± 0.004    

Spike-2 0.255 ± 0.013  0.251 ± 0.007    

Spike-3 1.025 ± 0.051  0.977 ± 0.025    

IAEA-446-1 

5.23-6.53 

5.24 ± 0.13  

1.07-1.67 

1.20 ± 0.006  
IAEA-446-2 5.30 ± 0.13  1.31 ± 0.006  
IAEA-446-3 5.64 ± 0.14 1.19 ± 0.008  

Average 5.39 ± 0.13  1.24 ± 0.007  
RSD  4.0%  5.5% 

SRM-4359-1 

28.75-43.56 

30.39 ± 0.76  

5.83-8.33 

6.23 ± 0.19  
SRM-4359-2 30.71 ± 0.77  6.12 ± 0.18  
SRM-4359-3 28.35 ± 0.71  6.83 ± 0 .18 

Average 29.81 ± 0.75  6.39 ± 0.18  
RSD  4.3%  6.0% 

 
Table 2. Results of the detection limit from reported 
samples 

Instrument 
Ld, fg Ld, uBq  

References 239Pu  240Pu  239Pu  240Pu  
ICP-MS 3.1×10 3 0.57×10 3 7.2×10 3 4.8×10 3 Emanuele, et al., 2017 
ICP-MS 29 4.6 38.6 66.7 Epov, et al., 2005 

AMS 4.21 - 5.6 - Froehlich, et al., 2016 
AMS ~0.40 ~0.40 0.53 5.8 Bisinger, et al., 2010 
AMS 0.15 0.09 0.20 1.3 This study 
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 Technetium-99 (99Tc) is an artificial radionuclide 
with the long half-life (2.115 × 105 years) and high 
accumulated fission yield from 235U and 239Pu. 99Tc in 
the environment originates mainly from the nuclear 
spent fuel reprocessing. Tc in the oxidation conditions 
exists mainly as the pertechnetate ion (TcO4

-), which has 
a high solubility and mobility in the environment. 
Therefore, 99Tc is considered to be one of the most 
important radionuclides in environmental safety 
assessment, nuclear waste management as well as 
internal exposure of nuclear workers. 
 In general, the co-precipitation is often used to 
pre-concentrate and separate Tc from the major matrix 
components, and it is common to combine with other 
techniques like anion exchange or extraction 
chromatography for further purification. Co-precipitation 
is a very rapid and simple method and widely used to 
separate 99Tc from sample matrix especially complicated 
matrix, which could lead to the loss of chemical recovery 
when the sample was directly passed through the anion 
exchange and extraction chromatography resins column. 
However, a fairly large amount of reductive reagent and 
precipitant carriers are often used to obtain high 
chemical yield, which may cause some difficulties in the 
dissolution of the precipitate. In addition, the 
precipitation should be occurred in strong alkaline 
conditions (pH >9). This might be attributed to the fact 
that some TcO4

− could be enwrapped in a large amount 
of precipitate even if Tc has been converted to Tc(IV). 
Tc(VII) is generally eluted from these resins with a 
relative high acid concentration solution (≥  8 mol/L 
HNO3), which is usually too high to directly mix with 
scintillation cocktail without evaporating because of 
serious chemical quenching and even stratification. In 
addition, the evaporation procedure may cause the 
underestimation of chemical recovery when the stable 
rhenium (Re) is used as a recovery monitor 
 A novel method for the determination of 99Tc in 
water samples was developed using stable Re as a 
recovery monitor and TiCl3 as a carrier and reductive 
reagent in this work. The influences of several 
experimental parameters, including TiCl3 concentration, 
HCl molarity and reaction time, on the reduction of 
TcO4

− and ReO4
− and their co-precipitation were 

examined to determine the optimal conditions. Tc(VII) 

and Re(VII) absorbed on three common type resins 
(AGMP-1 M, TEVA and TK-200) were effectively 
eluted by low concentration of NH4SCN (< 1 mol/L), 
which can directly mix with scintillation cocktail for 
TDCR liquid scintillation counting measurement. The 
chemical behaviours of Tc and Re are very consistent in 
the whole procedure, and the decontamination factors of 
potential β-emitting interferences were also evaluated. 
The minimum detectable activity concentration was 
calculated to be 0.10 Bq/L for 99Tc in water samples with 
a counting time of 2 h. To validate the developed 
procedure, 1 L of water samples spiked with known 
activities (0.3-5 Bq) of 99Tc were processed through the 
whole chemical procedure (Figure 1.). Furthermore, the 
developed method will have a significant advantage in 
the determination of low levels of 99Tc in large volume 
seawater samples combined with inductively coupled 
plasma mass spectrometry (ICP-MS).  
 

 
Figure 1. Comparison of measured and expected 

activities of 99Tc in spiked water samples. 
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The present work concerns the development of a 

technique, which can be used to verify clearance of Ge-

68/ Ga-68 and Co-57 sealed radioactive sources. These 

sources are used for calibration of various nuclear 

medicine systems like Gamma camera and PET imaging. 

There are several types of such sources of different 

characteristics and geometry i.e. linear, area, volume, 

while after their useful life need to be kept in control for 

decay until meeting the clearance criteria and remove 

from the regulatory control. 

 

This technique aims to determine the activity of the Co-

57 and Ge 68/Ga 68 sources by measurement and Monte 

Carlo simulation using the MCNPX code. Therefore, 

efficiency calibration of the 3x3 NaI(Tl) scintillator for 

specific source geometries were carried out. 

Gamma-ray spectrums were taken for different length of 

time, by a NaI(Tl) detector, for two types of sealed 

radioactive sources. A flood source containing Co-57 

decays to 57Fe by electron capture and emission of the 

characteristic gamma ray of 122.06 keV. A line source 

containing Ge-68/Ga-68 decays by electron capture to 
68Ga (positron emitter) and then to 68Zn which decay by 

emission of the characteristic gamma ray of 1077.4 keV 

[1]. For the analysis, the characteristic gamma rays are 

used for both radionuclides. In the case of Ge-68/Ga-68 

the annihilation peak of 511 keV was used as well. The 

spectrums analysis was performed by the software 

package SPECTRW [2]. The MCNPX models were 

validated by the use of sources of the mentioned types 

with certified nominal activities.  

 

The results of the study show that the measuring time of 

two hours provided adequate sensitivity for the activity 

determination of the flood source Co-57. Also, one-hour 

measurement was adequate for the activity determination 

of the line source Ge-68/ Ga-68 by using the 1077.4 keV 

gamma ray and provided adequate sensitivity for the 

activity determination by using the 511 keV from the 

annihilation of 1899.1 keV positrons. Moreover, the 

technique is accurate enough for both the sealed 

radioactive sources. Therefore, the technique can be used 

for clearance after storage of the sources for decay. 
 
[1] Firestone, Richard B. “Table of Isotopes”, Eighth   
    Edition, Wiley Interscience, 1996 
 
[2] Kalfas et al., Nucl. Instrum. Methods Phys. Res. Sect.   
    A830 (2016) 265-274 
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 Studies on nucleosynthesis of heavy nuclides in 
the early formation of solar system is the prerequisite for 
finding out the origin and evolution of elements. 
Primordial 244Pu is produced in fast neutron capture 
process (r-process) in stellar evolution. However, 
astrophysicists have not yet fully understood the 
mechanism of stellar evolution, and the astrophysical site 
where the r-process takes place have not yet been 
determined. 244Pu has a half-life of 81.1 Myr, which may 
be both the heaviest and the shortest r-process primordial 
nuclide that can be detected in nature. The existence of 
244Pu in the early solar system has been strongly 
supported by excellent agreement of the xenon isotopic 
ratios found in achondritic meteorites and ancient zircon 
samples with those measured from spontaneous fission 
of 244Pu. The analysis of the existing abundance of 244Pu 
in terrestrial samples can verify whether the estimated 
value of the abundance ratio of 244Pu and 238U in the 
early formation of the solar system (0.008(Turner et al., 
2007)) is correct, and whether the calculation model of 
the 244Pu content in rare earth minerals is reasonable. It 
can also be helpful to establish the calculation model of 
stellar evolution. Due to the similar chemical properties 
of actinides and lanthanides, primordial 244Pu is likely to 
be enriched in the ancient ore-forming rare earth mineral. 
 An ultra-sensitive analytical method for direct 
search of primordial 244Pu in bulk rare earth sample has 
been developed before. The rare earth sample is leached 
with concentrated hydrochloric acid, and then the 244Pu 
in the leaching solution is extracted with TRU resin 
column, while the 244Pu in the leaching residue is 
extracted by AGMP-1 resin column respectively. After 
further purification with TEVA resin column, the AMS 
target is prepared. The final measurements of the Pu 
isotopes were performed using the compact AMS system 
Tandy with a terminal voltage of 300 kV at ETH Zurich.  
 In this work, the contents of 239Pu and 244Pu in a 
set of large-size samples from the Bayan Obo rare earth 
mineral deposit (China), including one of 450 g, one of 
50 g sample and two of procedural blank sample, were 
measured by this method, and the overview of the 
sample preparation procedure is given in Fig.1. Although 
no significant 244Pu signal has been detected, an upper 
limit of ~3.2×10-21 g/g 244Pu was obtained at 99% 
confidence level and the upper limit is nearly one order 
of magnitude lower than the upper limit of 244Pu (1.5×10-

19 g/g) in a bastnaesite sample previously reported by 
Lachner(Lachner et al., 2012). This confirms that the 
claimed discovery a higher of 244Pu in bastnasite 
concentrate (1×10-18 g/g of 244Pu) (Hoffman et al., 1971) 
may not be primordial signal. By assuming the same 

enrichment factor of Pu as its homologue cerium in this 
bastnaesite, the upper limits of 244Pu/238U ratio obtained 
in the present study (i.e., 1.4×10-17) is approximately 2 
orders of magnitude higher than the expected terrestrial 
abundance ratio of primordial 244Pu/238U (1.5×10-19) 
derived from ratio of 244Pu/238U (0.008) calculated from 
the xenon excess in zircons. This suggested that more 
than 10 kilograms of the present bastnaesite concentrate 
sample could be needed for a positive directly detection 
of primordial 244Pu. It would still be problematic, even if 
a large size of rare earth mineral sample is deliberately 
chosen and high efficiencies of both chemical processing 
and mass spectrometric measurement can be obtained. 
 

 
Figure 1. Sample preparation procedure for the analysis 
of 244Pu in 450 g bastnaesite  
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Radioactivity determination is essential for emergency 
response, routine monitoring and research purpose. 
Actinides which emit alpha particles typically have very 
long half-life of thousands of years or more. Because of 
its potential public hazard, the assessment of 
radioactivity of actinides in environment are necessary. 
Owing to short-range of alpha particles, measurement is 
accompanied by chemical purification. Therefore, it is 
necessary to make efforts to reduce analytical time since 
it is considerably labor intensive and time consuming. 
 
The aim of this work was to develop a rapid 
determination method for actinides in environmental 
sample. The sequential method for simultaneous 
separation using TEVA and DGA resin was modified 
and optimized for Pu, Am, U and Th isotopes. An 
automated radionuclide extraction system (Q-ARE, BnB, 
South Korea) was applied to enable efficient and rapid 
separation.  
  
A spiked water sample with known quantities of 242Pu, 
243Am, 238U and 232Th in ca. 3 mg of multi element 
solution were prepared and analyzed for method 
evaluation. Separation process was performed 
automatically using tandem and single separation mode 

at a flow rate of 3 mL∙min-1 at room temperature. 2 
separation mode were used for Q-ARE. In tandem mode, 
TEVA and DGA resins are adsorb target nuclides 
consecutively during sample loading step. Then 
switching to single mode, interfere ions were removed 
and purified target nuclides were eluted.  
For the rapid determination, separated solution was 
measured using ICP-QMS. Chemical recoveries of all 
nuclides were about 78~92%, and good separation from 
interfere ions was achieved including those elements (Fe, 
Al, Ca, Mg, Ba, Co, Cu, etc.). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

To validate the rapid methods, sediment reference 
material applied to separation Pu, Am, U and Th. The 
method combined an effective sample dissolution by 
microwave-assisted acid digestion with enrichment using 
co-precipitation. Before the separation, the valence of 
plutonium was adjusted to IV by addition of sodium 
nitrite in 8 M HNO3. The eluted actinides fractions were 
evaporated to dryness and electrodeposited on stainless 
steel discs. Alpha spectrometry measurement was 
conducted using Alpha analyst (Canberra, USA). The 
method was validated by chemical recovery, accuracy 
and reproducibility of the analytical results.  
 
The developed method is suitable for analysis up to ~1 g 
of soil or sediment samples. The automative separation 
with Q-ARE for 4 samples take only 40 minute. As 
compared to gravity procedures, the developed method 
improves the analysis efficiency, reduces the labor 
intensity. This method can be used for emergency 
response of environment sample. 
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Speciation analysis is critical to study the geochemical 
cycle of iodine in the pedosphere (Hou et al., 2009; Luo 
et al., 2013). For systematically analyzing different 
forms of iodine (naturally stable 127I and artificial 
radioactive 129I) in soil, a sequential extraction method is 
developed to separate soil iodine into four fractions (the 
exchangeable, the organic, the reducible, and the 
residual), in combination with inductively coupled 
plasma mass spectrometry (ICP-MS) measurement for 
127I and accelerator mass spectrometry (AMS) 
measurement for 129I. This study focused on optimizing 
digestion time and the concentration of organic iodine 
digestion reagent K2S2O8. The results show that 40 mg g-

1 K2S2O8 and 16-24 h digestion time are the optimal 
parameters for the decomposition of organically bound 
iodine (Figure 1, 2). Under these conditions, the 
digestion recovery of organically bound iodine is no less 
than 80%. For the entire separation procedure, the 
recoveries of exchangeable iodine, both organically 
bound iodine and reducible iodine were above reach 
60%. The results show that the concentration of 127I in 
the Xi'an surface soil (0-15 cm) was 2.05-2.17 μg g-1, in 
which 51.4%-62.4% of 127I bound with organic matter, 
10.5%-13.1% of exchangeable iodine, 5.88%-12.6% of 
reducible fraction, and residual iodine of 18.9%-25.0% 
were found. Organically bound iodine was the most 
abundant fraction in Xi'an surface soil. This work 
provides a method of sequential extraction combined 
with solvent extraction for understand dynamic transfer 
and transformation of different forms of iodine in soil. 
 

 
Figure 1. Influence of K2S2O8 concentration on 

extraction efficiency of iodine (at 24 h) 

 
Figure 2. Influence of digestion time on extraction   

efficiency of iodine (at 40 mg g-1 K2S2O8) 
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The Hungarian Tokaj region famous for its internationally recognized wines. This product is a major 
export product which can become more expensive with age. For this reason, the adulteration of wine 
can cause economic losses. The atmospheric nuclear tests in the 1950s and early 1960s produced a 
unique decadal scale signal so called "C-14 bomb-peak", which gives an excellent opportunity to date 
recent organic materials. The plants collect the atmospheric carbon-dioxide by the photosynthesis, so 
these materials has the same 14C/12C ratio as the atmospheric CO2 in the given year. With this method, 
the year of the production of organic materials can be determined with yearly precision. For this reason, 
we measured 20, known age Tokaj wine samples by Accelerator Mass Spectrometry to prove their age. 
We prepared and measured the ethanol and distillation residue fractions of the samples to compare them 
to each other. Both fraction shows good agreement with the atmospheric radiocarbon data and with the 
expected year, except for two samples what are under the expected value, but in this case, both the 
ethanol and the distillation residue fraction is lower as well.  Our Accelerator Mass Spectrometry based 
method shows a reliable, effective and relatively fast opportunity for the dating of wines.  

 

"The work was performed under the auspices of IAEA (International Atomic Energy Agency) in the 
frame of the CRP (Coordinated Research Projects): Enhancing Nuclear Analytical Techniques to Meet 
the Needs of Forensic Sciences." 
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Currently, much attention is paid to natural 

materials such as polysaccharides and clay minerals, due 
to their non-toxicity and biodegradability. Chitin is the 
second most common natural biopolymer after cellulose, 
which can be obtained from natural resources, mainly 
from crabs, shrimp, krill shells and mushrooms, as well 
as from food waste. Chitin and its derivative chitosan are 
widely used in pharmaceuticals, agriculture, industry, 
medicine, and environmental protection. Chitosan and its 
numerous modifications have been applied for 
wastewater treatment to remove various pollutants like 
dyes, phenolic compounds, herbicides, pesticides, metals 
and radionuclides (Modi at al., 2015; Yong et al., 2015). 

One of the possible modifications to improve 
physical and adsorptive properties of chitosan is its clays 
nanocomposites (Neji et al., 2020). Clay minerals are 
one of most abundant and widely used in various fields 
including environmental protection. Natural and 
modified clay minerals have been successfully applied 
for adsorption heavy metals and radionuclides (Liang Z., 
2017; Gu et al., 2019; Talan D. & Huang Q., 2021).  

The aim of this study was the synthesis of 
nanocomposites based on chitosan and their application 
for sorption of Cs, Co and Eu. Nanocomposites were 
prepared using chitosan of various Mw from 0.2 to 700 
kDa, as well as natural clay of local origin with a particle 
size of 1-4 µm and two commercially available minerals. 
In addition, chitosan was used to synthesize 
nanocomposites chitosan-graphene oxide and chitosan-
graphene oxide-magnetite.    

The nanocomposites were characterized by X-ray 
diffraction (XRD), Fourier transform infrared 
spectroscopy (FTIR), scanning electron microscopy 
(SEM) and transmission electron microscopy (TEM). 

A batch technique was used to study the adsorption 
of elements and three sets were conducted for each 
experiment. Sorption experiments were carried out at pH 
from 3 to 9 and a wide range of initial concentrations of 
the studied elements. Cesium, cobalt and europium 
solutions were traced with 137Cs, 60Co and 152Eu, while 
activity concentrations were measured by gamma 
spectrometry using a HPGe detector (resolution 1.9 
keV/1.33 MeV and 42% efficiency). 

The adsorption behaviour of Cs+, Co2+ and Eu3+  
examined depending on contact time, pH and 
concentrations of studied elements indicated a high 
efficiency of the obtained nanocomposites. The highest 
adsorption of Cs+ was observed for composite of clay 

and chitosan with Mw 0.2 kDa at pH 7. The maximum 
adsorption of Co2+ was found at pH 5 for natural clay 
and chitosan with Mw 700 kDa. The obtained 
nanocomposites showed a high efficiency (about 96%) 
of Eu3+ adsorption.  
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The  admission  of  artificial  radionuclides  into  the
biosphere  inevitably  creates  an  environmental  and
economic danger to society. In the long term the greatest
effect  on  the  ecosystem  provides alpha-emitting
radionuclides.  Actinides species, tendency to hydrolysis
and  other  features  of  their  physicochemical  behavior
largely  determine  the  methodical requirements  for
detection  in  the  environment  (Novikov  et  al., 2010).
Advantage  of  luminescent  methods  for  the  actinides
determination in environmental objects is an  extremely
low detection limit (Billard et al., 2008).  Luminescence
spectral lines uniqueness of these elements ensures high
measurements  selectivity.  Development  of  the
luminescent  method  for  determining  trace  actinide
contents  seems  to  be  a  relevant  direction.  Actinides
oxidation degree largely determines the potential forms
of  occurrence  in  natural  objects,  the  mobility  of  an
element,  sorption  possibility,  colloids  formation,
bioavailability  and  bioaccumulation.  In  addition to  the
UO2

2+  determination (Bernhard  et  al.,  1996)
development  of  a  luminescent  method to determine
uranium  in  the  oxidation  state  (IV)  in  environmental
objects will allow to supplement and reinterpret data on
the artificial radionuclides migration and the influence of
biogenic and abiogenic factors on this process. 
Equipping  a  luminescent  photometer  (RF  Patent  RU
2471160)  with  modern  sensitive  detectors  and  light
sources is an open question to be discussed.
 The  requirements  for  the  electronic  components
necessities  were  formulated  by  literature  analysis  and
spectrometric data obtained in this work.  To determine
the spectral  bands uranium (IV) and (VI),  the samples
were  analyzed  on  a  PerkinElmer  LS-55  luminescence
spectrometer in the visible range and on a FluoroLog-3
spectrometer in the near infrared region (NIR). 
Based on the limitations the reduction was carried out
by  titanium  (III)  chloride  excess  amount.  The  by-
products accompanying heating to a high temperature do
not  affect  the  spectral  characteristics  of  the  sample
during  the  preparation  process  on  the
crystallophosphorus matrix. This allows to proceed the
luminescence analysis in NIR and visible regions. 
Approbation of a new technique for sintering crystalline
phosphorus with an  analyzed  solution was  carried  out
using a tubular electric resistance furnace equipped with
flanges  for  gas  inlet  and  outlet  and  a  PT-200
programmable PID thermostat.  Device allows annealing
the crystallophosphorus matrix with preparation in argon
stream  which  prevents  the  uranium  oxidation.  The

uranium oxidation state as a result of reduction and after
annealing was monitored by potentiometric titration. 
Obtained excitation and luminescence spectra allows to
formulate  the  photometer  modernization  requirements.
The  first  stage  of  modernization  was  successfully
completed.  Luminescence  photometer  was  equipped
with  Nichia  NCSU033C  LEDs  (λmax =  365  nm)  and
NCSU035C  (λmax =  405  nm)  and  Laser  Components
S6060-DR250-W272-P100 (λmax = 270 nm). These LEDs
are  compact  and highly stable  light  sources  with high
geometric and spectral brightness.
In  the  visible  region solid-state  analogue  of  the
photomultiplier  tube  (PMT),  SiPM  photodetector  of
MicroFC  60035  (SensL)  type  was  chosen  as  a
luminescence  detector.  Photodiodes  based  on  InGaAs
semiconductor are most suitable for recording radiation
in  the  NIR  range.  The  Hamamatsu  G12182-220K
photodiode  with  a  built-in  two-stage  thermoelectric
cooler was chosen.
Applying BGO scintillation crystals, rare-earth fluorides,
and  bismuth-borate  glasses  as  a  matrix  for  uranium
doping to study the optimal spectral bonds for oxidation
states  determination  is  proposed  as  a  future  research
object.
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The Irtysh river is one of the most important waterways 
in Kazakhstan. The basin of the Irtysh river is 
transboundary passing through the territory of three 
states: China, Kazakhstan and Russia. The river length 
is 4,248 km. In Kazakhstan, the length is 1,700 km. 
Because the river is transboundary, its rational use is not 
only of economic, ecological importance, but also of a 
great political and international importance. 
Nuclear weapon tests conducted on Semipalatinsk Test 
Site (STS) could have had an significant effect on 
contamination of the Irtysh river with man-made 
radionuclides: some of plumes after nuclear tests pass in 
the vicinity of the catchment of the Irtysh river. A spot of 
confluence between the Shagan and Irtysh rivers raises the 
major concern from the perspective of a potential 
radioactive contamination. The Shagan river passes 
through the STS territory and flows into the Irtysh river. 
Due to nuclear tests conducted on STS, the valley of the 
Irtysh river was exposed to radioactive contamination. 
Currently, tritium (3Н) is the major radionuclide 
contaminant of the river. Ground water entering surface 
water of the river from ‘Balapan’ site, on which 

underground nuclear tests were conducted in boreholes, is 
a source of contamination (Aidarkhanov et al., 2013, 
Yesimbekov et al., 2017). 
As part of this work, 2 sites of the Irtysh river were objects 
of research most greatly affected by nuclear tests on STS: 
site 1 – the place of a passing plume of the 1949 test and 
site 2 – the confluence between the Shagan and Irtysh 
river.  
In the site 1, the content of man-made 3Н, 137Cs, 241Am 
and 239+240Pu in water is below the detection limit (11, 
0.002, 0.003 and 0.0005 Bq/kg, respectively). 90Sr 
was registered to be in water in the range from 0.02 to 0.04 
Bq/kg. In bottom sediments, 241Am and 90Sr were 
registered to vary from 7 to 45 Bq/kg and 2 - 3 Bq/kg, 
respectively. Riverside soil in some cases showed 
numerical values of activity concentrations of 137Cs and 
241Am varying from 7 to 20 Bq/kg. Riverside plants were 
registered to contain 241Am and 90Sr, the activity of which 
is up to 15 Bq/kg. 3Н was registered to be 47 Bq/kg, 137Cs 
– up to 0.4 Bq/kg, 90Sr – up to 4.4 Bq/kg, 239+240Pu – up to 
0.22 Bq/kg in aquatic plants.  
In the other site, at the confluence between the Shagan and 
Irtysh river, the content of man-made 137Cs and 241Am in 
water is below the detection limit (<0.002 and <0.003 
Bq/kg respectively). In bottom sediments 137Cs was 
registered to be up to 3 Bq/kg. The content of 3Н in water 
during the autumn period is below the detection limit (<4 
Bq/kg) as opposed to that of 3Н in water during the winter 
period when numerical values up to 20±4 Bq/kg, are 

registered. Numerical values of organically bound 3Н 
(OBT) were registered in all plant samples varying from 
3±1 to 43±7 Bq/kg. High values of 3Н up to 290±40 Bq/kg 

were also registered in snow in this section whereas at 
some distance from this point, at places before and after 
the Shagan river confluence, numerical values of 3Н in 
snow were not registered.  
The obtained quantitative data on the 3H content in all the 
considered environmental components (water, plants and 
snow) at the confluence of the Shagan River into the 
Irtysh River indicate the entry of this radionuclide with 
the waters of the Shagan River from the territory of the 
test site. At the same time, snow in this case is a short-
term indicator of 3H input with the waters of the Shagan 
River, and plants can indicate the duration of this process. 
Thus, based upon research outputs, the fact that there is 
contamination of ecosystem components of the Irtysh 
river with man-made 137Cs, 241Am and 90Sr is proved in 
the area of a passing plume of the 1949 test. This indicates 
the influence of nuclear tests conducted in the STS 
territory on adjacent areas. In the section of the confluence 
between the Shagan and Irtysh river, no contamination 
with radionuclides was registered except for 3Н, which 
virtually continuously enters different ecosystem 
components of the Irtysh river with water of the Shagan 
river even in the winter period.  
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 The Mount Khuko, located in the western part of 
the main Caucasus Mountain Ridge. The mountain is 
part of the watershed line between the Pshekhashkha (a 
tributary of the Pshekha River) and the Shakhe Rivers, 
and it is located 7 km northwest of Mount Fisht (highest 
top of the main Caucasus Ridge in the Western 
Caucasus). The summit of Mount Khuko is located 
within the belt of alpine meadows. The upper border of 
the forest belt is located somewhat lower along the 
slopes. Lake Khuko is a mountain lake situated in the 
natural reserve within the mid-latitude belt at 1,740 m 
above sea level. The lake’s surface area is 27,500 m2, 
and its maximum depth is 10 m. The area of the lake’s 

catchment is approximately 120,000 m2.  
 The soil sampling was carried out in the 
beginning of August 2019, drilling in lake Khuko was 
carried out in summer 2016. During the field work with 
soils sampling, the 5 relatively flat undisturbed locations 
were selected as a reference sites for evaluation of the 
initial spatial variability of 137Cs fallout. It was assumed 
that a depth of 10 cm is sufficient for the evaluation of 
the total inventory of radionuclides. Depth increment 
sampling was carried out in areas of expected 
sedimentation using a metal sampler with an internal 
diameter of 3 cm. Samples were cut into 1 cm thick 
sections directly inside the sampler. Two cores with 
contrasting vertical distribution of 137Cs were selected 
for the determination of Pu isotopes via alpha 
spectrometry: one core from hollow and one from dry 
lake. The drilling bottom sediments was performed using 
a modified piston sampler that was constructed in Atle 
Nesye, Norway and had a diameter of 110 mm. The 
analysis of the content of alpha-emitting radionuclides 
(238Pu, 239,240Pu) was carried out on an ORTEC Alfa-
Esemble-2 alpha spectrometer with an ENS-U900 with 
silicon detector (UL-TRA-AS). 

The soils of the alpine belt of the Western 
Caucasus are contaminated by bomb-derived and 
Chernobyl-derived 137Cs. This makes it possible to 
estimate the sedimentation rates over two time windows. 
Assessment of the 137Cs depth distribution in the 
sediment sinks (bottom of hollows, proluvial cones and 
bottoms of dry lakes) made it possible to determine the 
rates of modern accumulation, which reached maximum 
values in the proluvial fan. However, only the use of 
239+240Pu as an additional chronomarker made it possible 
to reliably separate the sediments deposited in the post-
Chernobyl period and for the period 1963-1986 in areas 
with low accumulation rates. 

The Pu inventory in the soils cores is within 15  - 
160 Bq/m2. In the soil core from hollow it was 
discovered an unsystematic distribution of 239,240Pu 

deposits with a high variability – in the upper 5 cm layer. 
At the same time, the 239,240Pu/137Cs ratio turns out to be 
typical for the Chernobyl fallout, which confirms the 
hypothesis that deposits up to 4 cm accumulated over the 
post-Chernobyl period, and the peak of the Chernobyl 
137Cs fallout is located at a depth of 4–5 cm. There is an 
increase in the 239,240Pu/137Cs ratio in the sample 
collected from the depth of 6–7 cm. It indicates a likely 
greater contribution of bomb-derived fallout to the 
formation of 137Cs deposits. The clear maximum of 
239,240Pu was recorded at a depth of 3-4 cm in the core 
from dry lake, where the largest 137Cs inventory was also 
observed. On the whole, such distribution does not 
contradict the situation of overlapping bomb-derived and 
Chernobyl-derived peaks, given that the overlying layer 
with a low concentration of 239,240Pu contain more than 
half of the total 137Cs inventory in the core. The 
239,240Pu/137Cs ratios with the maximum values in the 
lower part of the section confirm this explanation. In 
general, a trend with an increase in the 239,240Pu/137Cs 
ratio with depth in the soils was previously noted for 
mountain catchments, where radioactive contamination 
was associated with bomb-derived and Chernobyl-
derived fallouts. 

A relatively high level of the 239,240
Pu isotopes’ 

total activity was discovered. Pu activity in two series of 
lake bottom sediments (sediment layers 0.0–0.5 and 0.5–

1.0 cm). In the surface layer, the specific activity of the 
239,240Pu isotopes varied from 162.3 to 191.2 Bq kg-1 in 
the two series of samples, while in the 0.5-1 cm layer, its 
concentration was as low as 7.9-13.7 Bq kg-1. To 
separate the isotopes (239 and 240), ICP-MS analysis 
was conducted. The mass spectrometric analysis results 
confirmed the plutonium isotopes’ activity concentration 

levels, revealing a 239
Pu level of 85 ± 2 ppt and a 

240Pu 
level of 14 ± 2 ppt. Plutonium isotopes 241 and 238 were 

not detected, i.e., in both cases, the 238,241Pu specific 
activity and concentration levels were below the 
detection limit. 

It can be argued based on the isotopic relationships 
that the distributions of artificial radionuclides in the 
Mount Khuko soils and sediments are the result of 
Chernobyl, global and local stratospheric depositions 
because the Western Caucasus barrier role of the 
atmosphere mass moving. 

 
This work was supported by the Russian Science 

Foundation project No. 19-17-00181. 
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The analysis of alpha peak concentrations is relevant in 
understanding meteorological factors affecting the 
temporal and spatial variability of radioactivity levels in 
air, and to control potential atmospheric environmental 
releases and ensure the environmental and public health. 
Alpha ambient concentrations in ground-level air were 
measured weekly in Bilbao (northern Spain) by 
collecting aerosols in filters between 2014 and 2018 
(Hernandez Ceballos, 2020). From this set of data, peak 
alpha surface concentrations are identified as values 
exceeding the P90 calculated over 2014−2018 (117.1 

µBq/m3). The average of the 26 high alpha values 
identified during this period was 152.0 ± 6.6 µBq/m3, 
while the highest alpha value is 246.5 µBq/m 3.  
Figure 1 reports the seasonal variability as well as the 
seasonal average of these periods. The largest occurrence 
is in autumn (14 out of 26 periods), while the minimum 
one is in summer (three out of 26 periods). On the 
contrary, the maximum seasonal average is registered in 
spring (187.9 µBq/m3), while lower and similar values 
were obtained in winter (142.4 µBq/m 3) and autumn 
(144.8 µBq/m3). 

 
Figure 1. Seasonal average and number of alpha activity 
concentrations above P90 during the period 2014-2018 

 
To determine the influence of regional wind patterns on 
alpha peak concentrations, backward trajectories were 
calculated and used in the present study. Four kinematic 
3D backward trajectories per day (at 00:00, 06:00, 12:00, 
and 18:00 UTC), with a run time of 96 hours and with a 
final height of 100 m above ground level, were 
calculated by using the hybrid single particle Lagrangian 
integrated trajectory (HYSPLIT) model, with GDAS 
meteorological files. The results after applying the 
cluster method implemented in the HYSPLIT model are 
shown in Figure 2 and they reveal that the arrival of slow 
continental southern (27 %) and maritime northern 
(28 %) air masses dominates periods with high alpha 
concentrations. 

 
Figure 2. Air mass patterns  

 
Case studies were also evaluated to understand the 
potential influence of each airflow pattern and the 
associated surface wind conditions on the alpha peak 
concentrations in Bilbao. Under the arrival of northern 
airflows, the wind directions at the surface levels 
displayed the development of sea-land breezes, with 
northern and southern winds, while under the arrival of 
continental airflows from the south, southern winds at 
surface levels dominates. As is shown in Figure 3, the 
first meteorological scenario favors the accumulation 
processes and hence drastically increases activities, 
while the second scenario (not shown) keeps activity 
concentrations similar during the whole sampling period 
but with lower values than in the previous one. 222Rn is 
used on the fact that, in normal situations, gross alpha 
origin in air is mainly explained due to the presence of 
long-lived daughters of gaseous 222Rn, attached to 
aerosols after cluster formation. 

 
Figure 3. Daily variation of 222Rn activity concentration, 

wind speed and direction, and total amount of 
precipitation at Bilbao between 2-8 October 2018 

 
Hernández Ceballos, M. A., et al., 2020. Analysis of 

Alpha Activity Levels and Dependence on 
Meteorological Factors over a Complex Terrain in 
Northern Iberian Peninsula (2014–2018). International 
Journal of Environmental Research and Public Health, 
7967. 
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The spatio-temporal evolution of U- and Th isotopes in 
one of the main polluted tributaries by acid mine 
drainage (AMD) from the Iberian Pyrite Belt (IPB) was 
evaluated. The polluted outflows from the underground 
system of an abandoned sulfide mine, called “Poderosa”, 
generate the studied creek. Poderosa mine has a gallery 
(hereafter “main gallery”), that continuously releases 
highly polluted leachates by AMD with an average flow 
around 1 L s-1 generating a creek (hereafter “Poderosa 

Creek”) that flows into the Odiel River. Poderosa Creek 
is approximately 600 m long from its source to its 
mouth. A few meters from the gallery, Poderosa Creek 
joins with a channel that collects acidic releases from the 
spoil heaps located in the surroundings of the mine, and 
around 400 m downstream it joins another stream 
(hereafter “El Soldado Creek”) coming from an 
abandoned mine named “El Soldado”. 
 
A sampling network with nine points was stablished 
(Figure 1), being five of them located along Poderosa 
Creek (codes P1 to P5) from its source in the main 
gallery to its mouth. Another two points were located in 
the channel and El soldado Creek just before the 
confluence with the studied creek, which were coded as 
C and S, respectively. Finally, another two sampling 
points were placed in the Odiel River before and after 
the confluence with Poderosa Creek, and were coded as 
O1 and O2, respectively. Water samples were collected 
under different hydrological conditions: end of the dry 
season (3/09/2018 and 2/09/2019) and wet season 
(7/11/2018). Physicochemical parameters were measured 
in situ, and the concentration of dissolved elements and 
natural radionuclides were determined by ICP-OES/MS 
and alpha spectrometry, respectively.  
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Figure 1. Activity concentration evolution in the first 

sampling (3/09/2018).   
 
It has been obtained abnormally high concentrations of 
both U- and Th-isotopes in the waters strongly polluted 

by AMD (Figure 1). Activity concentrations of 238U and 
232Th around 700 and 300 mBq L-1, respectively, were 
measured in the high acidic waters (pH < 2) from the 
main gallery (P1). These concentrations are 2-3 orders of 
magnitude higher than unperturbed surface waters. 
Downstream, these concentrations decrease from 30 to 
50% during the dry season and up to 90% during the wet 
season due to the dilution effect. Poderosa Creek retains 
a strong acidity along its channel (pH < 2.5), causing a 
clear conservative behaviour of both U- and Th-isotopes. 
The 234U/238U activity ratio was very uniform and around 
1.7 along Poderosa Creek for the three sampling dates, 
while the 230Th/232Th activity ratio was close to the unity 
(Table 1). The 234U/238U in the waters from the gallery 
suggest a relatively short residence time in the mine 
aquifer.   
 

Table 1. Activity ratios obtained in the first sampling.  
  

234U/238U 230Th/232Th 
P1 1.72 ± 0.02 1.09 ± 0.03 
C 2.17 ± 0.14 1.24 ± 0.16 
P2 1.66 ± 0.02 1.08 ± 0.03 
P3 1.66 ± 0.03 1.02 ± 0.03 
S - - 

P4 1.63 ± 0.02 1.05 ± 0.03 
P5 1.64 ± 0.03 1.04 ±0.02 
O1 - - 
O2 1.59 ± 0.13 - 

 
After the confluence of the polluted creek with the Odiel 
River, the studied natural radionuclides transported in 
the dissolved phase behaved differently during the 
mixing. For the first and third sampling, the pH of the 
river decreased reaching values close to 3 (Figure 1) due 
to the impact of the acidic tributary during the low flow 
season, while in the second sampling (wet season) the 
pH remained above 6. Th-isotopes were strongly 
removed from the dissolved phase probably by 
coprecipitation/adsorption processes with/onto 
precipitates of Fe-oxyhydroxides. Otherwise, U-isotopes 
only seem to be coprecipitated/adsorbed with/onto Al-
phases during the wet season due to the higher pH.  
 
In addition, to point out that concentrations of U and Th 
increased up to one order of magnitude in the Odiel 
River waters after the confluence due to the impact of 
Poderosa Creek.  

This work was supported by the Junta de Andalucía 
under grant FEDER-UHU-1255876. 
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 The Concentration Ratio (CR) data provide 
essential inputs to models for radiological environmental 
impact assessment. The reliability of model predictions 
often depends on the quality of the data used to quantify 
radionuclide transfer through the environment. 
International data compilations are useful sources of 
information for regulators, assessment practitioners and 
researchers, especially when site-specific data are not 
available. 
 The International Atomic Energy Agency (IAEA) 
has for many years supported efforts to assemble 
compilations of concentration ratio data that can be used 
for both the human food chain and wildlife, for example, 
through international model validation and data 
compilation programmes (https://www-
ns.iaea.org/projects/modaria/modaria2.asp?s=8&l=129). 
These data have been published in a series of different 
IAEA reports, such as TECDOC-1616 (2009), TRS-472 
(IAEA, 2010), TRS-479 (2014), being mostly derived 
from, and therefore, relevant to, temperate environments 
and conditions. 
 The key transfer processes governing the 
transport of radionuclides between different 
environmental media and within the food chain may vary 
under different climatic conditions. Recently, a 
comprehensive compilation of transfer parameter data 
for tropical environments has been published, 
accompanied by the first dataset of concentration ratios 
for arid and semi-arid environments, namely the IAEA-
TECDOC-1979 (IAEA, 2021). However, the latter only 
included a very limited number of values for 11 elements 
and 30 plant species.  
 There is a need to consider our ability to predict 
radionuclide behaviour and model applicability under 
changing climatic conditions. Efforts are now focussing 
on increasing the amount and quality of data for a range 
of element–plant group combinations for arid 
environments through a new IAEA Coordinated 
Research Project (CRP) project on Transfer of 
Radionuclides in Arid and Semi-Arid Environments for 
Radiological Environmental Impact Assessment 
(K41022) (2021-2025)1.  
 Project objectives are: 
- Improving understanding of radionuclide transfer in 
arid and semi-arid environments in support of 
radiological environmental impact assessment; 

 
1   https://www.iaea.org/newscenter/news/new-crp-transfer-of-
radionuclides-in-arid-and-semi-arid-environments-for-
radiological-environmental-impact-assessment-k41022 

- Enhancing existing radionuclide transfer data in arid 
and semi-arid areas, published in the IAEA-TECDOC-
1979 (IAEA, 2021); 
- Determining key radionuclides and food-plant groups 
that contribute to dose in arid and semi-arid regions 
compared to non-arid regions; 
- Enhancing networking and sharing of data and 
information. 
 It is anticipated that this project, along with data 
generated through past programmes, will improve 
understanding of radionuclide transfer across climatic 
zones and will provide key input for use in radiological 
environmental impact assessments in different and 
changing climates. 
 
 
INTERNATIONAL ATOMIC ENERGY AGENCY, 

2009. Quantification of Radionuclide Transfer in 
Terrestrial and Freshwater Environments for 
Radiological Assessments, IAEA-TECDOC-1616, 
IAEA, Vienna. 
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Chernobyl and Fukushima Daiichi Nuclear Power Plant 
(NPP) accidents demonstrated that a catastrophic 
malfunction in a nuclear power plant could impact on 
outside the borders of the country where it is located. It 
is now known that following huge releases into 
atmosphere after severe NPP accidents, radionuclides 
can travel far locations and cause various environmental 
and health effects along their path. Thus, atmospheric 
dispersion modeling is a significant tool to estimate these 
effects not only in actual accidents such as Chernobyl 
and Fukushima Daiichi NPP accidents but also in 
potential accidents, which have not occurred yet. In this 
study, atmospheric dispersion and ground level 
deposition of 131I and 137Cs released from possible 
accidents in Metsamor NPP, which is considered one of 
the most unsafe NPP in the world, was investigated. For 
this purpose, a set of hypothetical simulations were 
conducted using a Lagrangian particle dispersion model 
named FLEXPART (Stohl et al., 2005; Pisso et al., 
2019). Since the meteorological conditions directly 
influence the atmospheric dispersion and ground level 
depositions, 24 different periods were defined 
representing distinct meteorological conditions at the 
Metsamor site in a year. Meteorological fields required 
by the model were supplied from ERA Interim products 
of ECMWF. Release amounts of 131I and 137Cs were 
obtained from a report that investigated the radiological 
risks of nuclear power plants around Europe (Seibert et 
al., 2013). The simulated release was modeled to last for 
five days and a release height value of 100 m was 
assumed in all simulations. 
 The average of 24 simulations conducted in the 
year 1986 demonstrated that eastern parts of Turkey as 
well as the majority of the territories of Armenia, 
Azerbaijan, Georgia and a small part of Russia are 
highly contaminated. In eleven simulations, 137Cs 
depositions in Turkey are higher than the deposition 
values that occurred after the Chernobyl NPP accident. 
In two simulations, country sums of Turkey for 137Cs 
deposition are higher than Belarus and Ukraine 
depositions after the Chernobyl accident estimated by De 
Cort et al. (1998). The city averages revealed that the 
depositions originating from Metsamor are mostly found 
in the province of Iğdır. In addition, very high 

contaminations were detected in Kars, Ardahan, Artvin 
and Ağrı. In this study, the 1-year total effective dose 
equivalent (TEDE) for adults are also calculated. 
According to the mean of 24 simulations of the dose 
originating from Metsamor, the highest radiological risk 

is obtained for Iğdır, Kars and Ardahan, which are the 

most northeast cities of Turkey. 
 

 
Figure 1. Ground level deposition results from Metsamor 

Nuclear Power Plant Accident (Average of 24 
simulations) 

 
De Cort, M., Dubois, G., MG, G., A., I., Janssens, A., 

Jones, A., N., K., Knaviskova, E., I., M., M., N., YM, 
P., VA, S., ED, S., LY, T., YS, T., 1998. Atlas of 
Caesium 137 deposition on Europe after the 
Chernobyl accident. EUR 1673 EN/RU, European 
Commission Report EUR. 

Pisso, I., Sollum, E., Grythe, H., Kristiansen, N.I., 
Cassiani, M., Eckhardt, S., Arnold, D., Morton, D., 
Thompson, R.L., Groot Zwaaftink, C.D., Seibert, P., 
Stohl, A., 2019. The Lagrangian particle dispersion 
model FLEXPART version 10.4. Geosci. Model Dev. 
12, 4955–4997. https://doi.org/10.5194/gmd-12-
4955-2019 
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 Clean and safe tap water for human consumption 
is one of the important goals of the EU according to the 
Horizon Europe – the next EU research and innovation 
programme 2021 – 2027. Several recommendations, but 
also requirements are aimed at protecting the health of 
the general population exposure from radon in drinking 
water. The EURATOM Drinking Water Directive sets a 
parametric value of 100 Bq/l for radon in drinking water. 
Radon (222Rn) is a naturally occurring radioactive noble 
gas with a half-life of 3.82 days. It is formed by 
radioactive decay of the parent nucleus radium (226Ra) in 
various geological structures (both rock and soil) where 
it is naturally present in different concentrations and 
enters the water pathways by dissolving in groundwater 
that surrounds various geological structures. Thus, 
dissolved radon in water is introduced indoor by the 
water supply network and as such is one of the sources 
of indoor radon. Radon dissolved in water turns into the 
gaseous phase when the water is used in activities 
associated with water being heated or aeriated - such as 
boiling, showering, bathing and toilet flushing. 
Exposures to radon mainly comes from inhalation of 
radon and its progenies within human respiratory system, 
while ingestion of water deliver radiation dose to the 
stomach which is the main focus of interest in this work.  
 
 During the last ten years several hundred water 
samples were carefully sampled across the whole 
territory of Croatia mostly from public water supplies 
during the targeted measurements of the indoor radon 
concentration in dwellings, schools and kindergartens. 
Some of the water samples were gathered from private 
wells, natural springs as well as commercially available 
bottled water.  
 
 The radon activity concentrations in water 
samples were determined by using two different 
methods:  liquid scintillation method (LSC TriCarb 
2900) and/or emanometry method (AlphaGUARD + 
AquaKIT).  
 
 In this work results of radon concentration 
measurement are given and effective dose of ingestion 
are calculated for adults and children respectively. All 
measured 222Rn activity concentrations in water samples 
gathered from the public water supply were below the 
European Commission recommendation reference level 
for radon in drinking water. 
 

Consolidated version of the Treaty establishing the 
European Atomic Energy Community (2010/C 84/01) 
articles 35,36 monitoring and reporting of environmental 
radioactivity is an obligation for the EU Member States. 
 
Commission Recommendation of 20 December 2001 on 
the protection of the public against exposure to radon in 
drinking water supplies, 2001/928/Euratom, Official 
Journal L 344, 28/12/2001 P. 0085 - 0088 
 
Council directive 2013/59/Euratom of laying down basic 
safety standards for protection against the dangers 
arising from exposure to ionising radiation. Office 
Journal of the European Union, 5 December 2013; L13: 
1-73 
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Due to the high temperature and healing properties, 
thermal waters have been used in therapeutics and 
relaxations since ancient times in most countries in the 
world. In Vietnam thermal waters were known and used 
from the beginning of twentieth century. Nowadays the 
thermal waters resorts are luxuriantly thriving. Due to a 
high temperature thermal water can intensively interact 
with aquifer formations and it can contain a certain 
amounts of heavy and radioactive elements, which in 
turn have some negative effects on human health.  
To investigate the problems mentioned above, the 
authors collected the water samples from the nine 
known therapeutic water centers (Kim Boi – province 
Hoa Binh, Thanh Thuy – Phu Tho, Keng Ga – Ninh 
Binh, My Lam – Tuyen Quang, Ban Moong and It Ong 
– Son La, Tien Lang – Hai Phong and Quang Hanh – 
Quang Ninh). All mentioned thermal water centers are 
located in the North Vietnam and excluding the Thanh 
Thuy – Phu Tho water hosted in a Pleistocene sandstone 
with marble and gravel, the remaining waters are hosted 
in the Devonian limestone formations (Hao et al., 2018). 
The thermal waters are pumped from 10 to 400 m below 
the earth surface, only the Keng Ga Ninh Binh is an 
artesian one, and their measured temperature at the 
outlet of the waters is from 39 C to 61 C. The 
hydrochemical types of the waters are bicarbonate–

calcium, chloride-sodium and  sulfate-bicarbonate-
calcium. Mineralization of the waters in question ranges 
from 244 mg L-1 to more than 11.500 mgL-1. The 
uranium and radium concentrations of the waters are in 
the broad interval from near 4 mBqL-1 to 680 mBqL-1 
for U-238, from below 5 mBqL-1 (limit of detection -
LOD) to above 3400 mBqL-1 for Ra-226. In most of the 
water there is no Ra-228 (below 10 mBqL-1-LOD ), the 
Ra-228 is observed only in the Thanh Thuy-Phu Tho 
with 18 and 27 mBqL-1. The absence of Ra-228 and the 
significant amount of Ra-226 in the thermal waters are 
probably due to the limestone aquifers (Chau & Nowak, 
2021). In all the studied waters there is a very low 
concentration of Po-210 and it varies from 0.5 mBqL-1 
to 8.2 mBqL-1. Such a low Po-210 is often observed in 
mineral and drinking waters (Kwarzec et al., 2003). The 
high mineralization and high radium concentration 
should be related to the long retention in the 
underground Devonian formation. Based on the depth of 
the host water formations, geological structure and 
temperature calculated using the cation and anion 

composition, , the studied waters principally are mostly 
related to intrusive activity from the deep part of the 
Earth’s lithosphere, but geogradient plays a second role. 
From the radiological point of view, the waters used for 
therapeutic and relaxation are safe, however, there 
would be some problems in the case of drinking purpose. 
 
Chau, N. D., Nowak, J., (2021) Natural Radioactivity in 
Thermal Waters: A Case Study from Poland. Energies  
14, 541. https://doi. org/10.3390/en14030541. 
Hao, D.V., Chau N.D., Nowak, J., Kovacs, T., Quy, H. 
A. Uranium and radium isotopes in some selected 
thermal, surface and bottled waters in Vietnam (2018). 
J. Radioanal. Nucl. Chem. 
https://doi.org/10.1007/s10967-018-6317-z. 
Skwarzec, B., Strumińska, D.I., Boryło, A. (2003) 
Radionuclides of 210Po, 234U and 238U in drinking bottled 
mineral water in Poland. J. Radioanal. Nucl. Chem., 
256(2):361-364. 
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Soil erosion, an environmental process detaching large 
quantities of soil from land surface, results in soil 
degradation, river channel sedimentation, and sand  
storm, etc. The Loess Plateau in China is one of the 
world’s most susceptible regions to soil erosion. The 
middle Loess Plateau, the major agriculture region, has 
experienced large-scale land reclamation and 
deforestation in the 1970s and a promotion of vegetation 
coverage degrees by the Grain-to-Green Project since the 
1990s (Li et al., 2016). It is crucial to investigate the 
accurate degree of soil erosion in the middle Loess 
Plateau to evaluate the response of vegetation coverage 
changes on the mitigation of soil degradation.  
In this work, we determined plutonium isotope (239Pu 
and 240Pu) in the soil profiles and estimate the soil 
erosion rates of the lands with different vegetation-cover 
types in the Heimugou Valley (35.7°N,  109.5°E ), a 
typical watershed of the Loess Plateau mainly influenced 
by water-inducted erosion (Fig. 1) using MODERN 
conversion model (Arata et al., 2016). 

Figure 1. Location of the studied area in the Loess 
Plateau, China  
 
The results (Table 1) indicated that the studied area has a 
slight-to-medium soil erosion. The average erosion rates 
of soil at the forest, grass slope, and arable sites are 
6.3±1.8, 11.9±1.6, and 36.5±5.6 t/ha/yr, respectively in 
the past six decades. Compared with the grass slope and 
arable lands, the forestland with the highest vegetation 
coverage can significantly reduce soil erosion rates by 
46.8% and by 82.6%, respectively. An obvious soil 
accumulation was observed in a grass slope site G3 with 
almost one times higher 239+240Pu inventory (82.6±5.0 
Bq/m2) than the other three grass slope sites, indicating 
the convex microrelief appears to resist the downward 
sloping mobilization of eroded soil particles (Fig. 2).  

Our findings suggest that the natural vegetation 
rehabilitation, particularly restoring forest, is a practical 
conservation measure for the mitigation of soil erosion. 
Besides, the interception of soil particles by fluctuated 
microrelief could be considered in the implementation of 
the future soil and water restoration practices in sloping 
fields. 
 
Table 1. The total inventories of  239+240Pu (in Bq/m2) and 
soil erosion rates (in t/ha/yr ) in the studied sites of the 
Heimugou Valley, Loess Plateau, China 
Vegetation 
cover types 

Studied 
sites 

239+240Pu 
inventory 

Soil erosion 
rates 

Erosion 
intensity 

Forest 
F1(0°) 61.0 7.6 Slight 
F2(0°) 79.0 5.1 Slight 

Grass slope 
G1(0°) 40.0 13.0 Light 
G2(20°) 41.0 12.7 Light 
G4(2°) 49.4 10.1 Light 

Apple orchard A1(0°) 40.1 32.5 Medium 
Cornfield A2(0°) 33.9 40.5 Medium 
 

 
Figure 2. Soil deposition process at the grass slope site 
G3 

This work was supported by the Chinese Academy of 
Sciences (132B61KYSB20180003). 

Arata, L. et al., 2016. Modelling Deposition and Erosion 
rates with RadioNuclides (MODERN) – Part 1: A 
new conversion model to derive soil redistribution 
rates from inventories of fallout radionuclides. J. 
Environ. Radioact. 162–163, 45–55.  

Li, S. et al., 2016. Vegetation changes in recent large-
scale ecological restoration projects and subsequent 
impact on water resources in China’s Loess Plateau. 

Sci. Total Environ. 569–570, 1032–1039.  
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 Analysis of the vertical distribution of 137Cs in 
accumulated sediments is a powerful tool for evaluating 
the rates of modern sedimentation, which is widely used 
in fluvial geomorphology. If source of radionuclides is 
reliable detected, 137Cs may be argued as time marker. 
Determination of the distribution of 137Cs acivity in the 
soil can be carried out in two ways: depth increment 
sampling followed by laboratory processing or via 
measurements of gamma activity directly in the field. 
 The first method is more labor-intensive, but also 
more accurate since it involves control over the 
measurement conditions, which makes it possible to 
produce a quantitatively reliable result. Special 
laboratory conditions, transportation and processing 
significantly increases costs and time required to obtain 
desired data. In addition, such a scheme does not involve 
obtaining information directly in the field, which could 
help to quickly adjust the network of sampling points if 
necessary. 
  An alternative way is to carry out measurements 
directly in the field. The inability to control all possible 
external conditions of measurements as much as possible 
certainly reduces the quality and accuracy of 
measurements carried out in situ, compared with 
laboratory studies. However, field gamma-spectrometry 
has the main advantage associated with the ability to 
speed up the process of obtaining a result and obtaining 
preliminary conclusions already at the very place of 
examination. In the case of high concentrations of the 
desired radionuclides in the soil, the sensitivity 
requirements of gamma detectors to register a sufficient 
amount in the desired range of gamma quanta energy can 
be reduced. This makes it possible to use more compact 
and mobile technology solutions. 
 Ideally, the measurement accuracy in each sample 
should be as high as possible, but technical, economic 
and time capabilities greatly limit the research. At the 
same time, there may be situations when it is advisable 
to sacrifice the accuracy of measurements to obtain a 
larger volume of spatial data. The justification for 
allowing distortions is the ability to productively 
interpret the data obtained. For example, it may be 
conducted in the case when the level of radioactive 
contamination is high enough to use detectors with a 
relatively low detection efficiency, and the distribution 
of radionuclides itself has the expected pattern with a 
clearly defined maximum.  
 The Chernobyl accident resulted into intensive 
and uneven 137Cs fallout over vast areas of Europe. 
Chernobyl pollution has a high spatial heterogeneity. 

The most affected areas were those where, due to the 
synoptic conditions of the period of intense emissions 
after the accident, precipitation occurred, and pollution is 
represented as a series of hot spots.  
 If the accumulation of material is carried out 
naturally due to the activity of water flows, the 
concentration of 137Cs has a steady tendency to decrease 
over time. As a result, the layer with the "Chernobyl 
Peak" is visible when analyzing the vertical distribution 
of radionuclides. To assess the rate of sedimentation, it is 
important to determine the position of "Chernobyl peak" 
corresponded to 1986. 
 The results of field measurements with a portable 
gamma detector inside the soil column without the use of 
any external protection is presented. The results was 
compared with the actual distribution of 137Cs in the 
soil, established based on depth incremental sampling 
and laboratory studies. Collecting of material was carried 
out in 2019-2021 in different locations in the centre of 
intense radioactive contamination - the "Plavsk 
radioactive hot spot" (Tula region), formed in the Central 
part of Russia after the Chernobyl accident. 
 The information obtained as a result of field 
measurements agrees quite well with laboratory studies. 
The main distortion is the smoothing of the "Chernobyl 
peak" caused by the absence of a collimator. The applied 
technique has great prospects of application in areas with 
a high level of radioactive contamination to assess the 
rates of sedimentation. However, field spectrometry can 
only be considered as an additional technique method to 
the usual procedure of depth increment sampling. 
 The study is conducted under support of Russian 
Scientific Fund, project 21-55-00050. 
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Polonium-210 (210Po) is a radionuclide sentinel as it 
bioaccumulates in marine organisms, thereby being the 
main contributor to committed dietary doses in seafood 
consumers. Although seafood and marine mammals are 
an important part of the traditional Inuit diet, there is a 
general lack of information on the 210Po concentrations 
in the Greenlandic marine food chain leading to the 
human consumer. Here, we determine background 
210Po concentrations in edible parts of different marine 
organisms from Greenland and provide a dose 
assessment. Blue mussels (Mytilus edulis), organs of 
ringed seal (Pusa hispida) and polar bear (Ursus 
maritimus) displayed significantly elevated 210Po 
concentrations in respect to all other studied organisms 
(p< 0.001).  
210Po concentrations ranged from 0.02 Bq kg-1, w.w. in 
Greenland halibut (Reinhardtius hippoglossoides) 
muscle to 78 Bq kg-1, w.w. and 202 Bq kg-1, w.w. in 
ringed seal muscle and kidneys, respectively. 210Po 
concentration ratio for edible parts increases in the order 
bladderwrack (Fucus Vesiculosus), northern shrimp 
(Pandalus borealis), blue mussels, and from fish species 
to ringed seal and polar bear. 210Po distribution in fish, 
ringed seal, and polar bear follows a general pattern, the 
lowest concentrations were in muscle, and the highest 
concentrations were in the organs involved in 
metabolism. The derived 210Po annual absorbed dose in 
edible parts of studied marine organisms are several 
orders of magnitude lower than the recommended dose 
rate screening value of 10 µGy h -1. Effective doses from 
intake of 210Po to Greenland average children (1.4 mSv 
y-1), and high seafood and marine mammal consumers (2 
mSv y-1 for adults and 3.6 mSv y-1 for children) are 
higher than the world average annual effective dose due 
to ingestion of naturally occurring radionuclides.  
 
This work was partially supported by the Ministry of 
Environment and Food, Denmark, the DCE – Danish 
Center for Environment and Energy, Aarhus University, 
Denmark, and The Environmental Agency for Mineral 
Resources Activities (EAMRA), Greenland. Samples 

were collected during several field-work expeditions in 
Greenland as well as under the annual and biannual 
sampling under the Danish AMAP CORE programme 
sponsored by the DANCEA Programme. The Ministry of 
Fisheries, Hunting, and Agriculture in Greenland, the 
hunters and colleagues, and local organisers involved in 
these sampling are greatly acknowledged. 
 
Radon and its decay products are the primary sources of 
the population’s natural exposure to ionizing radiation 

and the second cause of lung cancer after smoking. A 
total of 459 radon (222Rn) measurements in 257 
residential homes in south Greenland, encompassing 
41% of the Greenland population, were carried out, and 
a dose assessment for adults was performed. A year-long 
continuous measurement of the indoor radon activity 
concentration has shown a range of ̴ 0 - 1300 Bq m-3. 
The annual average of indoor radon was 10.5 ± 0.2 Bq 
m-3 in Nuuk, 139.0 ± 1.0 Bq m-3 in Narsaq, 42.1 ± 0.7 Bq 
m-3 in Qaqortoq, and estimated 48.2 ± 0.6 Bq m-3 for 
South Greenland adult population. In South Greenland, 
the total number of residential homes where indoor 
radon exceeds 100 Bq m-3, 200 Bq m-3, and 300 Bq m-3 
is 37 homes (15.0%), 13 homes (5.2%), and 8 homes 
(3.2%), respectively. The contribution of indoor radon to 
the annual effective dose to an average adult was 0.5 
mSv in Nuuk, 6.5 mSv in Narsaq, 2.0 mSv in Qaqortoq, 
and 2.3 mSv for South Greenland. The estimated annual 
average dose to adults in Narsaq is higher than the 
world's average annual effective dose due to inhalation 
of indoor radon and higher than the dose to adults in 
Nordic countries as Denmark, Norway, Sweden, Iceland, 
and several EU and non-EU countries.  
The radon survey was financed by the Ministry for 
Housing, Infrastructure, Minerals and Gender Equality, 
Greenland Government and carried out by Asiaq 
Greenland Survey and Niras Greenland A/S. 
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Pacific oyster (Crassostrea gigas) and olive flounder 
(Paralichthys olivaceus) were investigated for their 
accumulation and depuration behavior of selected 
artificial radionuclides (51Cr, 57Co, 85Sr, 88Y, 109Cd, 123mTe, 
137Cs, and 241Am) in seawater aquarium as a part of 
developing risk management options at the time of 
accidentally releasing massive amount of artificial 
radionuclides to the sea from coastally located nuclear 
facilities. Oysters and flounders acclimated in the 
laboratory conditions were kept unfed and exposed in the 
artificial radionuclides contaminated seawater (about 10 
Bq/kg of 137Cs) for 8 and 20 days, respectively, and 
sacrificed at predetermined time. Flesh of oyster and 
flesh, digestive tract, skin of flounder was determined for 
their massic radioactivity content. All tested 
radionuclides were exhibited variable degree of 
accumulation with time in oyster flesh and flesh, 
digestive tract, and skin of flounders that may be 
described both supply and uptake limited kinetics. Time 
series accumulation of 137Cs, 51Cr, 57Co, 85Sr in oyster 
and 137Cs in fish digestive tracks and skin exhibited a 
very hyperbolic characteristic and the rest of tested 

radionuclides exhibited a continued accumulation over 
time. The accumulation of radionuclides in the flesh of 
flounders were much lower than that of digestive tract 
and skin including scales with virtually no accumulation 
of 137Cs in the initial 5 days. The radionuclides laden 
oysters and flounders placed in the clean seawater were 
quickly released all tested radionuclides with variable 
degree. 137Cs loss from oyster flesh was systematic with 
time and it decreased from over 300 to about 10 Bq/kg 
wet wt. on 12th day, but much smaller 137Cs loss from 
over 40 to about 10 Bq/kg wet wt. was observed in 
flounder flesh on 12th day. Our results suggested that the 
hanging net cultured oysters and flounder happened to be 
exposed in the intrusion of 10 Bq/kg of 137Cs 
contaminated seawater from offshore for about 10 days, 
they may be decontaminated within 12 day by feeding 
clean seawater in the wake of radiological incidence. 

This work was supported by the Korea Institute of Ocean 
Science and Technology under grant PE99912.  
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The popularity of Chernobyl zone as a tourist destination 
is growing in recent years. The thrill of risk remains a 
main attraction of this trips, however the expected doses 
are considered truly low. This is only the external 
gamma dose rate, which  is taken into consideration as 
dose source in typical risk assessment related to this 
social phenomenon. The incorporation of radioactive 
dust to lungs due to inhalation is considered usually as 
not important on basis of measurement done using 
outdoor aerosols collectors.  However, the visitors called 
sometimes “stalkers” sometimes penetrates indoors and 

other places, even the places not expected to be visited, 
where radioactive dust is easily re-suspended. Some 
people use filtration masks in such places reducing risk 
of direct inhalation. Eleven dust mask were obtained 
from tourists visiting Pripyat city by one day in July 
2016. This set was enlarged by filter from an isolation 
mask (military type mp-5 type) used by another tourist, 
who spent in Chernobyl zone in 2015 more than one day 
as “stalker”.  The mask was used only for 15 minutes in 
“Jupiter” site  cellar where a lot of light (easily 

resuspended) dust was present. 
All the samples were measured by high resolution 
gamma spectrometry to determine 137Cs.  After gamma-
ray measurements masks were combusted at 600 ˚C. 

Ashes of 11 masks from 2016 was combined together to 
get averaged sample.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The 242Pu, 243Am and 85Sr tracers were added. Sample 
was dissolved in concentrated nitric acid. Actinides  
(238,239+240Pu, 241Am, 244Cm) and 90Sr were extracted from 
sample matrix using ion exchange chromatography with 
Dowex 1x8, TEVA and Sr-Resin ion exchange resins. 
Alpha spectrometry sources were prepared by 
microcoprecipitation with NdF3 and were measured on 
alpha spectrometer with silicon detectors. For 90Sr 
determination, sample was mixed with scintillating 
cocktail and measured on LSC spectrometer (Wallac). In 
case of sample from 2015 the procedure was similar 
however instead of leaching a full decomposition of ash 
using HF, HNO3, HCl+H3BO3 was applied. 
Our measurements showed, that during visiting Pripyat 
city, tourist (if not protected by masks) are inhaling 
radionuclides, which can be easily detected using low 
background radioanalytical methods. Obtained results 
were expressed by Bq per gram of filtrating material: 
0.278 ± 0.024 Bq g

-1 239+240
Pu,        0.097 ± 0.009 Bq g

-1  

238
Pu, 0.372 ± 0.041 Bq g

-1  241
Am, 0.035 ± 0.006 Bq g

-1  

244
Cm,        4.15 ± 0.32 Bq g

-1 90
Sr and 0.073 ± 0.004 Bq 

g-1  137Cs.      
The analyses of sample from 2015  as well as the 
hypothetical doses assessment are not completed yet at 
moment of writing this abstract. They will be ready to be 
presented during the Conference.  
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When dealing with various material analyses in gamma 
spectrometry, one of the crucial tasks is creating a 
sufficiently accurate efficiency function for different 
energies or broad energy ranges for the given detector-
sample geometry. In most cases, the detection efficiency 
is considered to be full energy peak efficiency (FEPE). It 
is defined as the ratio of the number of detected radiation 
events in the photo-peak and the total number of emitted 
photons by a source. This can be done via several 
different approaches, some of which are more elaborate 
than others. In order to provide the needed precision for 
detection efficiency function, one must use a certified 
volume or point source standard with known activities of 
radionuclides where there is no need for approximations 
(direct method), or by using a designated software for 
numerical or semi-empirical calculations (G. Stanić et al. 

2019). On the other hand, for the same purpose, a 
simulation method can be utilized by the means of 
different software-simulation toolkits dedicated to 
performing efficiency calculations.  
In this work, a grasping overview of different parameter 
optimization for High purity germanium (HPGe) 
detector model construction in GEANT4 software is 
presented.  
Monte Carlo simulation, which is based on GEANT 4 
simulation package (Agostinelli et al., 2003), has been 
developed to acquire the response of germanium 
detectors, with the aim to reproduce experimental spectra 
of detectors in a wide range of applications in gamma 
spectroscopy measurements (D. Joković et al.,2009). In 
this work, GEANT 4 software (version 4.9.5.) was used 
to create an HPGe detector model implementing the 
detector specifications which were made available by the 
manufacturer. The mentioned detector is a High Purity 
Germanium low background extended range coaxial 
detector. It is made by ORTEC with a serial mark GMX-
20190. It is an N-type coaxial detector, with a crystal 
that has a radius of 28.0 mm, a height of 65.2 mm, and 
an active volume of 160 cm3. In this study, as well as in 
(L. Liye et al. 2006) it was observed that the detector 
geometry specifications provided by the manufacturer 
were too scarce to obtain accurate detection efficiency 
values. Having that in mind, it was essential to perform 
detector model optimization, which was done by the 
implementation of the efficiency transfer method- 
factory specifications of the detector were used with 
further geometry adjustment (crystal-window distance, 
crystal rounding radius, the thickness of the top, and side 
dead layers, etc) (Tsang et al., 2019) to validate the 
simulation results. The validation was done through the 
process of closely comparing and matching the measured 
and simulated efficiency curves of the certified reference 
material from the Czech Metrology Institute (CBSS-2). 

The average deviation of the simulated efficiency curve 
from the experimentally obtained one falls under 8%. To 
further validate the detector model optimization results, 
the efficiency curve obtained from GEANT4 software 
was compared with the experimental efficiency curve 
and the one obtained through EFFTRAN software 
(Vranicar et al., 2021). The comparison was done using 
the IAEA reference material uranium ore (IAEA-RGU-
1). The discrepancies between all three efficiency curves 
do not exceed 9%. In future studies, further detector 
model optimization will be attempted, to additionally 
minimize the discrepancies between experimental and 
simulated efficiency curves. 
 
The authors acknowledge the financial support of the 
International Atomic Energy Agency (IAEA) 
via IAEA Research Contract No. 23159/R0 and the 
Provincial Secretariat for higher education and scientific 
research within project No. 142-451-2793/2018. 
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  Edible mushrooms can efficiently concentrate 
some elements in flesh but little is known on highly toxic 
alpha- and beta emitters. In this study, the absolute 
values of radioactivity (Bq·kg -1 dry biomass) for 210Po 
were in the range 2.0 ± 2.0 to 308 ± 9 in fresh species 
and 22.1 ± 1.2 to 142 ± 4 in a ready to eat meals, and for 
210Pb were 3.64 ± 0.48 to 51.8 ± 2.9 and 3.03 ± 0.14 to 
9.65 ± 0.49, respectively. The studied batches of a 
corresponding species of mushrooms – raw and cooked - 
were not equivalent regarding to the homogeneity of the 
composition. However, If expressing data on a dry 
biomass basis, the raw mushrooms (substrate for any 
cooking), showed greater radioactivity in relation to stir-
fried meals, and what can imply on a partial loss of 
nuclides. Nevertheless, when expressing data on the 
whole (wet) weight basis, in a majority of the species 
radioactivity was similar for both fresh and cooked 
mushrooms. A daily portion of 100 g of stir-fried 
mushrooms could provide 210Po and 210Pb resulting 
provide radiation in the range 0.2 to 2.1 µSv and 0.02 to 
0.06 µSv, respectively. Assessed, the cumulative doses 
of exposure to 210Po were 1.4 to 14 µSv in a week period 
and 75 to 722 µSv at annual timescale, and of 210Pb 
amounted at 0.15 to 0.46 µSv and 8.3 to 24 µSv, 
respectively. The 210Po can be possibly considered as a 
major source of ionizing radiation activity for heavy 
fanciers of mushroom meals in SW Asia, while number 
of available data is limited. 
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Herbs have been used in medicine for centuries 
because most of them have healing properties and do not 
cause serious side effects. However, plant leaves in 
comparison to other aerial parts such as bark, stalk, fruit 
or seeds, may contain large amounts of 210Po, 210Bi, and 
210Pb, due to the direct deposition of aerosols containing 
radionuclides as well as by the absorption from the soil. 

Because approx. 70-80% of the world's population 
uses unconventional medicine, it is worth determining 
whether the consumption of herbal plants is safe for the 
people from a radiological point of view and whether it 
increases the effective dose resulting from the decay of 
210Po taken with medicinal plants significantly. The 
subject of the study was to determine the impact of 
atmospheric fallout on the content of the highly toxic 
210Po alpha radiation emitter in commonly used herbs, 
i.e. lemon balm (Melissa officinalis), peppermint 
(Mentha piperita), sage (Salvia officinalis), basil 
(Ocimum basilicum), nettle (Urtica dioica), collected 
from various areas of Poland and pot plants. The 
additional washing process was conducted on the nettle, 
and the potential impact of atmospheric precipitation on 
the content of analyzed isotope was estimated. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The results of 210Po determination in the analyzed 
herbs showed that the highest value of 210Po activity 
concentration was found in the sage leaves collected in 
Lubelskie Voivodeship (33.5 Bq/kg wet weigh), while 
for potted herbs the highest 210Po activity was 
determined in the sage root (0.52 Bq/kg w.w.). The 
washing of nettle reduced the activity concentration of 
210Po in its root by 12%, stalk – 43%, leaves – 8%, and 
in the inflorescences by 21%. Based on the calculated 
concentrations of 210Po activity in studied herbs, 
effective radiation doses were estimated, which allowed 
determining the degree of radiotoxicity of the 
surrounding environment, which is one of the most 
important tasks in radiological protection of the 
population. 
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The presented pioneering study aimed to determine  
the activity concentrations of highly radiotoxic, naturally 
occurring 210Po and 210Pb in dried external and internal 
parts of sclerotia of popular, wild and cultivated, 
medicinal fungus Wolfiporia cocos collected in Yunnan 
and Anhui Provinces of China. W. cocos have become 
popular all over the Word. It is available in many online 
shops under the trade name 'poria' or 'fu ling', 
recommended as a dietary supplement. 

 The mean value of 210Po activity concentrations in 
the internal part has been calculated at 0.36 Bq.kg-1 dry 
weight, while in the external part was 12.0 Bq.kg-1 dw. 
The mean value of 210Pb activity concentration in the 
internal part has been calculated at 0.43 Bq.kg-1 dw, 
while for the external part was 9.84 Bq.kg-1 dw. 
Statistically significant differences have been observed 
among the 210Po and 210Pb activities both for an external 
and internal part, and the nuclides respective 
concentrations in an external part averaged at 26.5 and 
40.4 times greater activities. The most important is, the 
potential effective doses from 210Po and 210Pb have been 
calculated and considering the sclerotia inner white layer 
“bai-fu-ling” as the most important medicinal fungal 

product in China, the theoretical radiotoxicity of W. 
cocos could reach the effective dose from 0.13 to 3.43 
µSv.kg-1 dw, while in the case of 210Pb decay from 0.11 
to 1.52 µSv.kg-1 dw. The consumption may vary, but in 
general, the W. cocos sclerotia would not increase 
significantly the values of the effective radiation doses 
from 210Po and 210Pb isotopes ingested from foods for the 
consumers, and the consumption seems to be safe from  
a radiological protection point of view. 
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The efficiency transfer (ET) method, which was 
introduced to the world of gamma spectrometry through 
the work of Moens et al. (1981), for many has been a 
method of choice for the calculation of the full-energy-
peak efficiencies (FEPE) for the sample of choice. For 
the mentioned calculation, the ET method utilizes the 
reference efficiency curve (REC) that was obtained via 
the measurements on the same detector as the sample. 
REC is calculated using a certified reference material, 
which can be of arbitrary dimensions, composition, and 
density. The up-mentioned facts make the ET method 
resource and time-saving as it eliminates the need for 
sample-specific efficiency calibration. The mechanism 
behind this method is calculating the ratio of the total 
efficiencies for the sample of choice and the calibration 
sample and by multiplying it with the measured FEPE of 
the latter (T. Vidmar et al., 2010). 
Angle presents a dedicated detection efficiency 
calculation software intended for HPGe and NaI 
detectors based on the concept of ET. The semi-
empirical (SE) approach, implemented in Angle, has the 
potential to be more accurate than purely mathematical 
models due to the large errors that can occur when there 
is insufficient information about detector characteristics, 
such as crystal defects, dead layers, contact thickness, 
etc. In the SE approach, all the listed errors are canceled 
out by measuring the reference samples on identical 
detectors (G. Stanić et al. 2019). And, since the reference 
efficiency can be determined from any standard source, 
there is no need for complex and costly factory 
characterization of the detector (ANGLE 4, user guide). 
The very concept that is behind the code is well 
described in Jovanovic et al. (1997). 
A new version of Angle software was tested (ANGLE 
5). A big improvement in this version over the previous 
ones is the introduction of the new functionality - true 
coincidence summing (TCS) correction. The 
phenomenon of TCS is a consequence of the energy 
summing of two or more photons that originate from the 
radioactive decay of the same nuclei and are detected 
within the resolving time of the gamma-ray detector. The 
TCS influence on the measurement is reflected in the 
changes to net peak areas of the affected full energy 
peaks in the spectrum thus giving inaccurate data if no 
correction is performed. TCS is independent of the count 
rate, but it is strongly dependent on the peak and total 
efficiency, as well as the characteristics of a given 
nuclear decay (Jäderström H. et al, 2015). Therefore, 
some radionuclides have more prominent TCS 
characteristics than others. 
In this study, the new ANGLE 5 software was verified 
and the new TCS correction functionality and its impact 

on the results were introduced. Reference efficiency 
curves for different measuring geometries were 
calculated using a certified reference set of 11 point 
sources  (type OSGI-R gamma spectrometric testing 
sources) with an activity uncertainty of 3%. The 
measurements were done on two different HPGe 
detectors, namely an ORTEC low background extended 
range coaxial detector GMX-20190 with a beryllium 
window and a CANBERRA closed-end coaxial detector 
GC-315. Spectra acquisition time was set to fulfill the 
pre-requirement of the net peak area uncertainty to be 
below 0.5 %. Spectrum analysis was done with GENIE 
2000 software. Verification was done on 2 voluminous 
certified sources, CBSS-2 from the manufacturer - Czech 
Metrology Institute and Multigama Standard Resin 
Matrix 152Eu, manufacturer - L.E.A. FRAMATOME. 
The discrepancies between certified and calculated 
activity values fell in the range of 0.1 to 15%, depending 
on the given radionuclide. It has been proven that TCS 
corrections introduced a significant improvement to the 
accuracy of the obtained activity results. 
 
For the purpose of this work, the beta version of  
ANGLE 5 software has been generously provided by its 
authors Mr. A. Dlabac and Mr. S. Jovanovic, University 
of Montenegro, which is highly appreciated. 
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Functionalized polymer membranes (FPMs) hold 

considerable potential for separation-assay combined 

method in radionuclides determination fields. In this 

study, a novel polyethylene (PE)-supported coordination 

polymer membrane, modified with phosphonate group, 

was fabricated via a facile one-pot method and applied 

for uranium analysis by thermal ionization mass 

spectrometry (TIMS).  

Field emission scanning electron microscopy (FE-SEM) 

and X-Ray Diffraction (XRD) results suggested the PE 

surface was coated by “flower-like” polycrystalline 

layer. Chemical analysis with Fourier transform infrared 

(FT-IR) and X-ray photoelectron spectra (XPS) showed 

phosphonate functional groups existed at the surface. 

The ability of this composite membrane to extract uranyl 

ions was assessed by batch adsorption experiments and 

the optimal percentage removal was found to be near 

90% with satisfactory efficiency and selectivity. 

 Moreover, this material with loaded uranium from 

environmental water could be directly applied to TIMS 

assay without additional striping/separation steps, hence 

a separation–assay combined method for uranium with 

simplified operation and zero organic waste production 

was achieved. This study provides new insights into the 

fabrication and application of functionalized polymer 

membranes that show practicality in the analysis of 

radionuclides in real scenarios. 

 

 
Figure 1. One-pot synthesis path of  PE-VPA-Ce. 

 
 

 

Figure 2. Simplified separation-assay routine for 
uranium in seawater. 

 
 

Table 1. Uranium isotope measurement  in 
environmental water by membrane-based TIMS 

Samples 

235U/238U ratio Certified 

values Measured value RSD (%) 

IAEA-

443 

0.007247 

0.007423 

1.04 

0.55 
0.007470 

Mean 

value 
0.007335±88 - - 

Fu river 
0.007220 

0.007260 

0.69 

0.42 
0.007250 

Mean 

value 
0.007240±20 - - 
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Natural occurring radionuclide Beryllium-7 (7Be) is a 
useful tool in studying the environmental processes. 7Be 
has cosmogenic origin and it is formed by spallation 
reactions of nitrogen and oxygen with cosmic rays in the 
upper troposphere and lower stratosphere. It is attached 
to aerosol particles when it is formed and the fate of 7Be 
will become the fate of the carrier aerosols (Ioannidou 
and Papastefanou, 2006).  
 The production rate of 7Be depends on the 11-
year solar cycle and on the latitude (O’Brien et al., 1991; 
Hötzl et al., 1991). It is deposited on the Earth through 
scavenging by precipitation. Studying the sedimentation 
is useful for determining the elements that are removed 
from the atmosphere and are deposited on the Earth’s 
surface. Additionally, tracking the 7Be particles helps 
investigating the transport of the air pollutants and 
determining the amount of contaminated materials 
removed from the air and deposited on the ground.  
 The aim of this study is to measure the activity of 
the 7Be radionuclide in rain water samples in the capital 
of Algeria, North Africa during a period with very low 
rainfall heights. Additionally, the study of any possible 
relationship between the activity of beryllium and the 
intensity of the rainfalls is performed. 
 Rainwater samples were collected from February 
to April 2012 in the Algerian region (36º46'N, 3º03'E). 
The heights of rainfalls ranged from 0.20 cm to 1.68 cm, 
indicating a relatively dry climate in the temperate zone.  
Containers of an effective surface area of 0.6 cm2 were 
used for the collection of the precipitation samples and 
they were constantly exposed to the atmosphere. After 
each rainfall, the pH of the samples was measured and 
then the samples were transferred to special closed 
containers along with distilled water and HNO3 in order 
to avoid the sedimentation of the particles in the 
container’s walls during compaction. The condensed 
samples were then put into Marinelli containers (1 L), 
and they were measured by means of gamma 
spectrometry. An HPGe detector of 20% relative 
efficiency was used for the determination of 7Be 
concentrations. 
 The activity concentrations of 7Be in rainwater 
ranged between 0 and 1.74 Bq L-1 (± 7.2%) with an 
average value of 0.32 Bq L-1 (± 8%). The errors of the 
activity concentrations arise from the statistical 
uncertainty in the peak areas and the uncertainty in the 
absolute efficiency of the gamma detector. The pH of the 
samples was measured from 6 to 7.5, with an average 

value of 7.05. No correlation between the concentration 
of 7Be in rainwater and the pH has been found.  
 The levels of 7Be in rainwater are influenced by 
the concentration of 7Be in the atmosphere (Bq m-3) and 
they are higher during the beginning of the rainfall, 
reflecting the initial washout of the atmosphere 
(Wallbrink and Murray, 1994). For the same duration of 
rainfalls, the samples of low precipitation rate, are 
characterized by higher 7Be levels. The short term 
rainfalls with low precipitation rates, present the highest 
activity concentrations of 7Be. 
 Additionally, an inverse relationship between the 
activity concentrations of 7Be and the accumulation of 
rainfalls has been observed. When the precipitation rate 
is increased, the activity of 7Be becomes lower. This is in 
accordance with the fact that heavy rain events do not 
imply higher concentrations of 7Be. The smaller the 
droplets are, the larger is their surface area, so the more 
intense is the scave-cleaning of the atmosphere, and the 
levels of 7Be are getting higher (Ioannidou and 
Papastefanou, 2006). 
 The total activity of 7Be in rainwater depends on 
the mass of the aerosol particles that were scavenged 
from the atmosphere, the volume of water that was 
collected during the rainfalls (Ioannidou and 
Papastefanou, 2006) and the sedimentation rate. On the 
other hand, it is independent of the rainfall height despite 
the fact that the duration of the precipitation does play a 
role in the radionuclide’s total activity.  
 Finally, the results of this study fulfill the gap of 
data in the literature while consisting the basis for future 
investigations.  
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Abstract review 

The chemical durability of borosilicate glasses is 
important for predicting the long-term radionuclide 
retention potential in geologic repositories (Guittonneau 
c et al.). In this study, we focused on evaluating the 
corrosion kinetics of borosilicate glass and identifying 
the secondary phases. The glass powder corrosion 
experiment was performed by underground water 
equilibrated with bentonite and granite for 5 years at 
90 ℃ under unsaturated conditions. The leaching 
concentration of Si and B from glass powder was shown 
in Figure 1(a). It can be seen that the concentration of B 
increased sharply within 90 days and the Si 
concentration rise rapidly within 20 days. As reaction 
time progresses, the corrosion rate of B and Si became to 
slow down, which may be related with the formation of 
gel layer on the surface of glass. The equivalent 
thickness of altered glass (ETh) calculated from B 
release into solution was shown in Figure 1(b). The 
corrosion depth of glass powder reached to 6.1 μm at 90 

days. When the reaction time increased to 760 days, it 
was 8.7 μm and the average corrosion rate was about 
11.4 nm/day. Figure 2 showed the XRD result of glass 
samples after reaction for 760 days. The main secondary 
phases of the sample were analcime and smectite. The 
SEM images of different time samples was shown in 
Figure 3. Nano needles and nano slice structure were 
observed for 90 days sample. With the reaction time 
increased to 180 days, nano-hole structure started to 
form. The size of nano-hole became lager and plenty of 
secondary phases precipitated on the surface of glass 
with time evolution. The precipitation phase for 760 
days sample was analcime, which was formed from the 
aqueous saturation silica in solution. While the poor 
crystallized smectite may be the relict phase reorganized 
on the surface surface during corrosion. It was in 
agreement with the XRD data. Our finding will be 
provide fundamental data to assess the potential 
uncertainty for glass dissolution, especially in the 
framework of the high level nuclear waste glasses. 
 

 

 
Figure 1. (a)  Time evolution of the concentration of Si 

and B, (b) the equivalent thickness of altered glass (ETh) 
calculated from B release into solution. 

 
Figure 2. Secondary phases identification of sample after 

reaction for 760 d by XRD 

 
Figure 3. SEM images of glass samples after reaction for 

90, 180, 540 and 760 days. 
 
The work was supported by national nuclear facility 
decommissioning and radioactive waste treatment 
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The main objective for decommissioning plan is to 
obtain a radiological understanding of the involved 
installation. The radiological characterization of 
activated and/ or contaminated components is essential 
for the decision making process during 
decommissioning. The cutting techniques to be followed 
in order to reduce the production of secondary waste and 
limit the doses to personnel and the selection of 
decontamination techniques should be based on accurate 
determination of the radionuclides inside the material 
and/ or in the surface contamination.  
In addition, the effective management of radioactive 
waste is based on an adequate characterization. The 
activities inside and on the surface of the components 
could be determined by comparing the experimental 
spectrum with that produced by MCNP6.1 simulations, 
using the arisen activities from the scaling factors (SF) 
and the dose rate measurements.  
 
The SF method is based on developing a correlation 
between easily measurable gamma emitting nuclides 
(key nuclides) and difficult to measure (DTΜ) nuclides. 
The activities of DTM nuclides are then estimated by 
measuring the gamma emitting nuclides and applying the 
scaling factors. The key radionuclides, which are also 
easy to measure (ETM), are usually 60Co and 137Cs. 
 
The radiological characterization methods used in 
decommissioning are: (a) neutron activation calculations 
based on reactor design and neutron flux; (b) dose rate 
measurements; (c) in-situ gamma spectrometry; (d) 
sampling for determination of the scaling factors in 
activated and contaminated components.  
 
Neutron activation calculations contains several 
uncertainties. These uncertainties are based on the input 
data - such as material data (composition and 
impurities), neutron flux and energy, nuclear data 
libraries - and on the methodology of the process and the 
simulation codes. Moreover, sampling methods also 
contains uncertainties based on the representativeness of 
the samples and the deviation of the activities.    
 
Taking into consideration all these uncertainties, this 
work is focused on the development of a technique for 
validation of the SF. A non-destructive gamma 
spectrometry technique by using MCNP6.1 simulations 
is under development for interpretation of the resulting 
gamma-ray spectra of the radionuclides in activated and/ 

or contaminated components. In particular, a spectrum 
will be produced and compared with the experimental 
spectrum (qualitative comparison). For the quantitative 
comparison, the procedure is based on the activities of 
the main radionuclides arisen from the SF and the results 
of MCNP6.1 simulations. The qualitative comparison for 
the three different radionuclides 60Co, 137Cs and 90Sr is 
presented in Fig. 1. 
 

 
 

 
 

 
 
Figure 1. Qualitative comparison between simulated and 
experimental pulse height distribution to 60Co, 137Cs and 

90Sr point sources. 
 
In conclusion, the proposed technique will be useful on 
the appropriate selection of the decommissioning 
techniques as well as the better classification of 
radioactive waste, which are both contribute to the 
protection of the human and the environment. 
 

This project has received funding from the Euratom 
research and training programme 2019-2020 under 
grant agreement No. 9450. 
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Rising attention is getting paid to the problem of the 
contamination of the environment nationally and 
worldwide. Adverse health effects have been reported on 
population exposed to the ambient air pollution. The 
vulnerability of such exposure is however not equal for 
individuals or groups. Thus we can assume that even 
reduction of pollution will be distributed in different 
magnitude of benefit within a population. Among the 
most sensible to several kinds of the air pollution are 
children and infants. The phenomenon of air pollution is 
well known to be associated with several respiratory 
symptoms or asthma. In the recent studies connection 
also to the lung growth deficit, preterm birth and infant 
mortality has been found. Neurobehavioral effects have 
been documented particularly in the cases of early 
childhood exposure to the ambient lead pollution. Effects 
of the exposure to the ambient lead can be also 
manifested later in life. As the air pollution can cause 
harmful effects not only in the early child development, 
but life lasting, reduction and monitoring of the 
environmental pollution is desirable. 

Despite the importance of pollution monitoring, 
records of the history of pollution exist only for limited 
number of locations. Most of the environmental 
monitoring has been carried out for the atmosphere. 
Trees satisfy several criteria for the medium capable of 
recording such information on relatively long-time 
scales. They have long life span, are immobile, spatially 
abundant, easy and non-fatal sampling is possible, and 
mechanisms of uptake are identifiable. Tree-rings could 
thus provide annual records of environmental pollution. 
Three direct pathways have been recognized for heavy 
metals to enter the trees – root uptake, foliar uptake and 
direct uptake through the stem. 

Analysis of tree-rings has proven to be a superb 
method for the monitoring of the past levels of 
radiocarbon (14C) in the biosphere. Radiocarbon is 
produced naturally through the interactions of cosmic 
rays with the particles in the stratosphere and upper 
troposphere. 14C enters then the global carbon cycle and 
through chemical and physical processes enters into the 
other carbon reservoirs.  
 
 
 
 
 
 
 

 
During the process of photosynthesis carbon in 

the form of carbon dioxide is integrated from the 
atmosphere to the biosphere. Other than natural sources 
could affect 14C levels in the environment. While nuclear 
weapons tests, which were carried out in the atmosphere, 
and nuclear industry increased 14C levels in the 
atmosphere, combustion of fossil fuels increased the 
non-radioactivity component of carbon in the 
atmosphere and biosphere (also called the Suess effect).  

We shall focus in this paper mostly on the second 
anthropogenic effect, which has been contributing 
significantly to the pollution of the atmosphere and 
biosphere. AMS was used to determine 14C in the 
samples of Norway spruce (Picea abies) acquired nearby 
Jasná Ski Resort situated in Central Slovakia, in the Low 
Tatras. This location was chosen based on its distance 
from possible sources of contamination and thus 
represents the “clean air” sample for our future research. 

Annual tree ring samples were analyzed for heavy 
elements using the PIXE (Particle Induced X-ray 
Emission) method. Simultaneously, 
 Annual rings as old as from 1917 were 
recognized and analyzed for 14C and heavy elements. As 
the tree-ring increments were in the case of later years 
not big enough to provide a sufficient amount of sample, 
several tree-rings were merged in such cases. Wood 
samples for 14C analysis were combusted in the flow of 
oxygen, and produced carbon dioxide after cleaning was 
used for production of graphite target, which was then 
used in the ion source of the accelerator. 

Samples of the wood for PIXE analysis were 
chemically processed and deposited on Mylar backing. 
Trace elements and minor elements were determined 
based on the obtained spectra with the use of 
GUPIXWIN software, where H values determined at 
CENTA facility were utilized.   

A comparison of 14C and heavy elements tree ring 
data has been carried out with the aim to study possible 
correlation in the industrial contamination of the Jasná 
region. 
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With the invention of the accelerator mass spectrometry 
there has been great interest in radiocarbon variation 
studies. Such investigations represent an important tool 
for the study of the history of solar activity and sun-earth 
relationships. The 11-yr solar cycle is the most 
prominent cycle observed till now in solar activity. 
Another possible changes in annual radiocarbon 
concentrations may be caused by solar flare events when 
large fluxes of solar protons with relatively small 
energies (about 100 MeV) are ejected from the Sun. 

Except these short-distance sources of 
radiocarbon variations, there could be also large-distance 
sources, e.g., supernova explosions, which could also 
affect radiocarbon concentrations on the Earth. As 
propagation of protons from such large-distance sources 
(e.g., more than 100 pc) through the cosmic space will 
take a long time, the associated peaks in radiocarbon 
production will not be sharp enough to be easily 
identified.  

Therefore, only gamma-rays emitted during 
supernova explosions (and via the production of 
secondary neutrons in the Earth atmosphere they can 
create radiocarbon nuclei in the reaction 14N(n, p)14C) 
would be of interest for radiocarbon variation studies. It 
was calculated that the increase in Δ14C in the 
atmosphere will be 1% for a supernova which exploded 
at the distance of 1 kpc (Povinec and Tokár, 1979).  

It was believed in the past that the short-term 
radiocarbon variations are difficult to observe because of 
the complex mechanisms of radiocarbon production by 
cosmic rays, radiocarbon transport from the atmosphere 
to the ocean and biosphere and climatic and reservoir 
changes. The atmosphere would act as a low pass filter, 
greatly attenuating amplitude of Δ14C variations 
(Oeschger et al., 1975). 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Spectral, correlation and harmonic analyses of 14C 

results obtained from annually dated tree-ring and wine 
samples confirmed the existence of 14C variations at least 
for 4 solar cycles (1903-1944), with the average 
amplitude of 2‰ for tree-ring samples (Povinec, 1977; 
Povinec et al., 1983; Attolini et al., 1989) and 4‰ for 
wine samples (Burchuladze et al., 1980; Povinec et al., 
1983). The anticorrelation dependence of Δ14C on Wolf 
sunspot numbers was observed with a time shift between 
W maxima and Δ14C minima of 3-5 yr for different 
solar cycles.  

We shall compare available radiocarbon data for 
annual tree rings during the last two centuries with the 
aim to look for possible radiocarbon variations which 
could be associated with the 11-yr solar cycle and with 
solar proton events.  
 
Attolini, M.R. et al., 1989. A cyclogram analysis of the        

Bratislava 14C tree-ring record during the last 
century. Radiocarbon 31, 839-845.  

Burchuladze, A.A. et al., 1980.  Radiocarbon variations 
with the 11-yr solar cycle during the last century. 
Nature 287, 320-322.  

Oeshger, H. et al., 1975. A box-diffusion model to study 
the carbondioxide exchange in nature. Tellus 27, 
168-192. 

Povinec P., 1977. Influence of the 11-year solar cycle on 
the radiocarbon variations in the atmosphere.  Acta 
Comen. Phys. 18, 139-149. 

Povinec, P., Tokár, S., 1979. Gamma-rays from 
supernovae and radiocarbon production. Proc.  16th 
International Cosmic Ray Conference, University of 
Tokyo, Vol. 2, pp.  237-242. 

Povinec et al., 1983. Short term variations in radiocarbon 
concentration with the 11-yr solar cycle. Radiocarbon 
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Surveillance of radioactivity levels associated to aerosols 
is usually implemented in environmental radioactivity 
surveillance programmes with the main goal to 
characterize the existing background in a given location, 
detect anomalous values and provide relevant 
information for decision taking in emergency episodes.  
Recently, the Environmental Radioactivity Laboratory of 
the University of the Balearic Islands has started to 
analyse the natural gamma radiation associated to PM10 
atmospheric aerosols obtained with a high volume air 
sampler. This is the first analysis of radiometric 
parameters associated with atmospheric aerosols of such 
size which intends to complement the measurements that 
have been performed during the last 15 years in the same 
location with low-volume samplers using 0.8 µm pore 
size (Rodas-Ceballos et al., 2016).   
 
 
Between July 2020 and April 2021, 81 samples were 
obtained with a high-volume air sampler (MCV CAV-
A/mb) located at the roof of the Faculty of Sciences of 
the University of the Balearic Islands (39° 38' 10'' N; 2° 
38' 54" E). Samples were collected using 150 mm 
diameter quartz fibre filters for 72 hours with a 40 m3/h  
air flow. 
 
Filters were measured for 24 hours with a Canberra 
GR5023 gamma spectrometer to measure the 
concentration of activity of the main gamma emitting 
radionuclides. The deposited mass in each filter was 
determined weighting every filter with an analytical 
scale before and after the sampling took place.  
 
The main daily meteorological parameters (atmospheric 
pressure, temperature, relative humidity and wind speed) 
were also obtained from a meteorological station located 
in the same University campus as the air sampler.  
 
Among the main gamma emitting radionuclides usually 
detected in atmospheric aerosol samples, 7Be, 212Pb and 
210Pb were detected in 100%, 98.7% and 66.7% of 
collected samples respectively.  
 
 
Table 1. Gamma activity concentration for 7Be, 212Pb and 

210Pb. 
 

 
Figure 1. 7Be activity concentration and mass 

concentration time series.  
 
On average, higher values for 7Be activity concentration 
were obtained in summer 2020. The higher isolated 
values of deposited mass concentration in the air filters 
were obtained in the same days when several Saharian 
air intrusions arrived to the island of Mallorca (21-23 
October 2020, 05-06 February 2021 and 18-23 February 
2021). High values of 7Be activity concentration were 
measured in these same days.  
 
Correlation between 7Be and all meteorological 
parameters is quantified using Pearson’s correlation 

coefficient. A Principal Component Analysis (PCA) is 
also performed to identify data clusters and the role in 
each considered parameter. Higher 7Be activity 
concentrations are associated to warm periods with high 
atmospheric pressure values. 
 
 

Rodas-Ceballos, M., Borràs, A., Gomila E., Estela J.M., 
Cerdà V., Ferrer L. 2016. Monitoring of 7Be and gross 
beta in particulate matter of Surface air from Mallorca 
Island, Spain. Chemosphere 152, 481-489. 

 
 

Radionuclide Mean 
(mBq/m3)  

Range 
(mBq/m3)  

7Be 5.6 1.9 1.7 - 10.5 
210Pb 

212Pb 
1.0  0.4 

7  4 
0.4 – 2.7 
0.2 – 16.4 
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The production and dissipation process of aerosols is
extremely complicated, which has a significant impact
on the environment and human health[1]. For example,
the new production process of secondary aerosols (SA)
can further deteriorate air quality. However, at present,
the accuracy of SA estimation has not been fully
recognized, and the measurement process of multiple
substances (such as NH4+, NO3- and SO42- for secondary
inorganic aerosols, and organic carbon and elemental
carbon for secondary organic aerosols) is complicated[2].
Explore other single element tracing methods that may
make up for these shortcomings. In addition, it is a ideal
way to focus not only on the SA new production process
but also on the aerosol dissipation and removal process.
Cosmogenic 7Be and 10Be in the atmosphere are rapidly
adsorbed on aerosols after being formed, and their
production rate and geochemical properties are relatively
stable[3]. We have noticed that the 7Be and 10Be attached
to the aerosol will no longer return to the atmospheric
storage after being deposited on the surface (except for
the effects of resuspended dust, which will be discussed
later), and they are not used as precursors for SA
formation. Therefore, 7Be and 10Be may provide
different aerosol chemical pathways from traditional
tracers. In addition, since the production and deposition
of 7Be and 10Be are closely related to aerosols, their
deposition process can also represent the physical
removal process of aerosols (such as the removal process
of rainfall and vertical atmospheric movement, etc.).
Here, we measured the daily resolution atmospheric 7Be
and 10Be in autumn and winter of Xi’an (heavy pollution
period in a typical polluted area) by AMS. And it is
found that the actual 10Be/7Be ratio obtained after
deducting the influence of the re-suspended dust in the
10Be can realize the accurate judgment of the
atmospheric vertical stability. It is confirmed by SA
tracers (such as NH4+, NO3- , SO42- and Organic aerosol)
that a large amount of SA is formed during these stable
periods judged by the 10Be/7Be ratio. The 7Be and 10Be
concentration in these stable periods is significantly
negatively correlated with the aerosol concentration (R2

﹥0.9, P < 0.001). Therefore, the SA relative content in
aerosols can be estimated by the dilution degree of 7Be
and 10Be, reflecting the second-generation process of
aerosol chemistry. In addition, we also used 7Be and 10Be
washout to further quantitatively estimate removal of
aerosol by rain and its residence time and based on the
change of 10Be/7Be ratio. We found that the rapid
dissipation of aerosols in some periods of Xi'an may be

caused by the atmospheric vertical movement. In
summary, atmospheric 7Be and 10Be will provide a new
view angle to study the process of secondary chemical
generation and physical elimination of aerosols.

Fig. 1 Schematic diagram showing the role of 7Be and
10Be in the secondary formation and removal of aerosol
particles. Note: the schematic diagram only reflects the
change process of atmospheric 7Be and 10Be, and does
not show all the reaction processes involved in the
aerosols' chemical and physical processes.

This work was supported by the Strategic Priority
Research Program of Chinese Academy of Sciences (B)
(Grant No. XDB40000000), and the National Natural
Science Foundation of China (Grant No. 11975240).

1. An, Z., Huang, R.-J., Zhang, R., Tie, X., Li, G., Cao,
J., … Ji, Y. 2019. Severe haze in northern China: A
synergy of anthropogenic emissions and atmospheric
processes. PNAS, 201900125.

2. Lu, D., Tan, J., Yang, X., Sun, X., Liu, Q., & Jiang, G.
2019. Unraveling the role of silicon in atmospheric
aerosol secondary formation: a new conservative
tracer for aerosol chemistry. Atmospheric Chemistry
and Physics, 19(5), 2861–2870.

3. Raisbeck, G. M., Yiou, F., Fruneau, M., Loiseaux, J.
M., Lieuvin, M., & Ravel, J. C. 1981. Cosmogenic
10Be/7Be as a probe of atmospheric transport
processes. Geophysical Research Letters, 8(9), 1015–
1018.
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Radionuclides are good environmental tracers for 

studying modern sedimentary process in lake system. In 
this work, we investigated the vertical profiles of 
239+240Pu, 137Cs and 210Pb in sediment core samples 
collected from Xingkai Lake in Northeast China to 
elucidate their source terms and deposition processes as 
well as the response to human activities.  

Xingkai Lake is an important source of agricultural 
irrigation for the local inhabitants, and two flood control 
dams have been constructed in the northeast bank in 
1979 and 1999. In order to better understand the effect of 
floodgates operation on modern lake deposition process, 
two sediment cores (XKH-2, XKH-3) were collected 
from ~10km and ~4km away from floodgates in 
northeast of Xingkai Lake, and one sediment core 
(XKH-1) was retrieved from the estuary of the Bailing 
River in northwest of Xingkai Lake. The 239+240Pu, 137Cs 
dating suggested that the two sampling sites near to the 
floodgates have relatively slow sediment accumulation 
rates (0.08 cm/a and 0.036 cm/a for XKH-2 and XKH-3 
core, respectively), while the XKH-1 sampling site have 
a higher sediment accumulation rate with a value of 
0.143 cm/a as a result of riverine sediment input. Except 
for XKH-3 core, the vertical distribution of 210Pbex 
activities in XKH-1 and XKH-2 core generally followed 
an exponential decline with depth (Figure 1), showing a 
continuous sedimentation. The extremely low 210Pbex 
activities (~50 Bq/kg) in XKH-3 core (Figure 1) may 
indicate a post-depositional 210Pb loss or sediment 
erosion. The total 239+240Pu, 137Cs inventories in the 
XKH-1 core were comparable with other reported lakes 
and soils as well as reference values in similar latitude 
(Wu et al., 2010; Xu et al., 2018; UNSCEAR, 1982), 
however, about 2~6 times higher than the values in the 
other two cores, indicating XKH-2 and XKH-3 core 
should have loss of Pu and 137Cs inventory in different 
degree. Meanwhile, the simultaneous loss of Pu and 
137Cs inventories (loss ratio of ~80%) in XKH-3 
sediment core could also further support the inference of 
sediment erosion caused by flood scouring during 
floodgates operation. 

The effect of floodgates operation on recent 
sediments in northeast of Xingkai Lake was well 
recorded in sedimentary profiles of radionuclides, and 
this effect extended to at least 10 km from the floodgates. 
While in the Bailing River estuary region, continuous 
riverine input was the primary factor affecting modern 
lake deposition process. 

 
Figure 1. Vertical profiles of 239+240Pu, 137Cs and 210Pbex 
activities in sediment cores collected from Xingkai Lake 

 
This work was supported by the National Key Research 

and Development of China (No. 2016YFA0600502). 
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Large amounts of radionuclides (such as 137Cs,
239,240Pu and 129I etc.) have been released by human
nuclear activities, and deposited on the Earth’s surface.
Their vertical distribution in the sediments (e.g.soil and
lake sediments) provided ideal approaches to geological
dating based on the featured peaks or layers with special
isotopic composition. A sinkhole named Sanyuan, which
is located on the Chinese Loess Plateau and formed
3,000 years ago, holds tens-of-meters-thick sediments, as
a result of the surrounding loess erosion. The relatively
rapid accumulation could potentially dilute the content
(or radioactivity) of the radionuclides, makes the
measurement more difficult and resulting in a failure in
the chronology. In this work, we analyzed 129I, 137Cs and
239,240Pu in three cores collected in Sanyuan sinkhole
(Fig.1), aiming to discuss their applicability under the
scenario of rapid accumulation.

Figure1. Depth distribution of 137Cs activity (a), 129I/127I
(b), 240Pu/239Pu (c), 239,240Pu activity (d) in Sanyuan
sinkhole sediments, and the estimated annual release of
129I from NWTs (Reithmeier et al., 2006) and global
annual deposition of 137Cs (UNSCEAR, 2000) (e). Cores
were taken from the center of the sinkhole (Φ=114
meters). Core 0 is located between core 3 and core 5, and
the latter two are 40 meters apart. Data are partially
presented here, while some are being produced. The
240Pu/239Pu ratio (average of 0.178 ± 0.023) suggested
the origin of the global fallout after the NWTs.

The results show that the radioactivity of 137Cs
(core 0) is close to the detection limit (Fig. 1a) and
therefore cannot afford accurate measurements. The
129I/127I ratio in core 3 (Fig. 1b) basically decreased with
increased depth, suggesting that the increased discharge
from the European nuclear fuel reprocessing plants has
overwhelmed the other possible signals. But for 239,240Pu
(core 3 and core 5), their total activity peaked at around
50 centimeters (Fig. 1d), corresponding to the maximum
release caused by the atmospheric nuclear weapon tests
(NWTs) in 1962 (Fig. 1e) (UNSCEAR, 2000.,
Reithmeier et al.,2006). The time marker suggested by
the wonderful peaks reveals the great advantage of Pu
over 129I and 137Cs in geological dating. We therefore
expect wide applications of 239,240Pu in chronology of
sediments in future, especially of those with high
sedimentation rate.

This work was supported by the Ministry of Science and
Technology of China (2015FY110800).

UNSCEAR, 2000. Sources and Effects of Ionizing
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M., Gaggeler, H.W., Nolte, E.,2006. Estimate of
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Alpine ice core. Environ. Sci. Technol.40,5891-5896.
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 Due to the fallout from the atmospheric nuclear 
weapons tests the Finnish Meteorological Institute (FMI) 
started to monitor airborne radioactivity in the late 
1950's. This gave an opportunity to take into account the 
influence of the atmospheric processes and parameters 
on the radionuclide content of the air and deposition. 
From the very beginning of the monitoring all the 
collected filter samples have been archived after the 
radioactivity measurements. Later some of these samples 
have been retrieved from the archive and analysed for 
sulphur compounds and trace metals (Mattsson and 
Jaakkola, 1979).  
 210Pb is a decay product of 222Rn. The sources of 
atmospheric radon-222 are the continental areas of the 
Earth. Oceans are a negligible source. Thus 
concentrations are lower in 210Pb maritime than in 
continental air masses. No increases of 210Pb 
concentrations in surface air due to anthropogenic 
sources have been found. On the other hand, small scale 
atmospheric processes, e.g. surface inversions, do not 
affect 210Pb concentrations. Thus 210Pbcan be used as a 
tracer for long-range transport from continental areas. 
 Since 1973 the aerosol filter samples collected in 
Helsinki have been analysed also for total suspended 
particulate (TSP) and trace metals. The focus of aerosol 
research has been gradually moving towards smaller and 
smaller particles (TSP→PM10→PM2.5→PM1). 
 The daily aerosol samples used in this study were 
collected onto glass-fibre filters (Whatman GF/A or 
Munktell MGA, Ø = 24 cm) using a high-volume 
sampler. The sampler has a capacity of 3500 m3/d, and 
collects particles with an aerodynamic diameter of less 
than 10-15 μm, depending on the wind speed. The filters 
were changed every morning at 06 UTC. The sampling 
site was on the roof of the FMI's main building in 
Helsinki downtown 20 m above street level. 
 The maximum concentrations of 210Pb in each 
year appear during the winter period and towards the 
beginning of spring. Minimal peaks appear in some 
years during the autumn period. 
 During the decade 1980-1990, the maximum 
observed mean weekly value of 210Pb was 1114.62 
μBq/m3 and the minimum was 75.04 μBq/m3. The 
maximum value of total Pb was 0.34 μg/m3 and the 
minimum was 0 μg/m3 (7 months of 1984). 
 Respectively, during the decade 1990-2000, the 
maximum value of 210Pb was 1149.42 μBq/m3 and the 
minimum was 70.65 μBq/m3. Also, the maximum and 
minimum values of total Pb were 0.08 μg/m3 and 0 
μg/m3 (several months in 1992). 

 The specific activity (210Pb/Pb, kBq/gr) was also 
calculated in order to analyse the relationship between 
these two quantities and to draw conclusions as to their 
sources. 
 There seems to be a steady trend of decreasing 
concentrations of both 210Pb and Pb over time. This 
probably means that it "cleanses" the atmosphere, thus 
reducing the intensity or number of their sources. 
 This study summarised the data of 20 year long 
series of daily observations of airborne 210Pb and total 
Pb. The activity concentrations of 210Pb are governed by 
weather phenomena on different time scales. The day-to-
day variations are due to synoptic-scale weather 
situations while the seasonal variations are related to the 
efficiency of the vertical mixing of the lower 
atmosphere. The oscillation lasting several years can be 
attributed to the temperature and salinity variations of 
the North Atlantic Ocean. No evident trends pertaining 
to possible climatic changes are discernible in this 
observation series. 
 

 
Figure 1. Specific activity of Pb-210. 

 
R. Mattsson, T. Jaakkola, 1979. An analysis of Helsinki 

air 1962 to 1977 based on trace metals and 
radionuclides. 551.510.42. 

J. Paatero, J. Hatakka, J. Segler. 2006.  Analysis of daily 
TSP in Helsinki, Finland using lead-210 as a tracer.  
Report Series in Aerosol Science, 83, 276-279. 
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Groundwater ages of months to decades are common in 
more humid regions. Groundwater of various ages also 
commonly mix in aquifers, which results in a 
distribution of groundwater ages for even a small 
groundwater  sample and complicates measurement 
interpretation. The benefit of understanding groundwater 
geochemistry is to ensure its good quality for drinking 
the potential use of groundwater for drinking and 
agricultural projects is threatened by the decline of water 
quality due to physical and anthropogenic characteristics. 
Evaluation of the geochemical status of groundwater is 
required to competently plan and control the 
groundwater resources. To evaluate groundwater usage, 
groundwater recharge is important and this recharge 
period was known by groundwater age. Groundwater 
was recharged by precipitation, therefore 3H and 35S 
content in precipitation was analyzed to evaluate short 
and medium groundwater age. Precipitation sample was 
collected from Aug-2019 to May-2021 with event 
occurred. Tritium content was ranged from 0.5 to 11.2 
TU and 35S content was ranged from 10.1 to 97.7 mBq/L. 
3H and 35S content was high in spring and Jun~ Aug 
precipitation sample was low due to marine air mass. 
And content correlation of two radionuclide was good 
due to origin of these nuclide by cosmic ray production. 
To apply our method for measurement of 3H and 35S in 
environment waters, we collected 16 groundwater, which 
were collected in the karst area, north-eastern part of 
South Korea, because we expected short residence time 
(< 1 year) of the spring water in this area due to karstic 
nature such as development of karst conduits or fissures. 
 

Fig. 1. 3H and 35S content relation in daily precipitation. 

 
  

 

Fig. 2. 3H and 35S content variation with sampling date. 
 

 

This work was supported by the National Research 
Council of Science and Technology (NST) Grant by the 
Korea government (MSIP) (CAP-17-05-KIGAM). 
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Moss bags technique applied for the radiological characterization of an area close to a coal 
fired plant in Northern Greece during the coal ending era 

 
Ch. Betsou1, E. Tsakiri2, E. Ioannidou1, M.V. Frontasyeva3, A. Ioannidou1  

 
1 Department of Physics, Aristotle University of Thessaloniki, Thessaloniki, 54124, Greece 
2Department of Biology, Aristotle University of Thessaloniki, Thessaloniki, 54124, Greece 

3Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, Dubna, 141980 Moscow, Russia 
Keywords:   moss bags, biomonitors, radionuclides, coal fired power plant.      

Presenting author email: chbetsou@physics.auth.gr  
 
 Coal is the most abundant fossil fuel with an 
important impact on the global energy world. It contains 
naturally occurring primordial radionuclides, such as 
40K, 232Th, 238U and their decay products. These 
radionuclides are emitted during coal combustion and 
they are deposited to the environment, where they are 
accumulated and contribute to the radiation exposure of 
the population that are working and living close to the 
coal-fired power plants (Papastefanou, 2010).  
 The combustion of coal affects the atmosphere 
and all the surrounding areas, including also all the 
organisms that are living around and enhances their 
exposure to natural radiation and to possible health 
hazards. Due to the negative environmental footprint of 
the coal combustion, it is crucial to limit the 
consumption of coal and to emphasize on the use of 
other energy sources that are friendlier to the 
environment. Based on that, and according to the EU 
climate and energy policy, a new era begins- the 
transition period. During this period, the coal industry 
changes; the combustion of coal is minimized until it 
turns to zero, and is replaced by other renewable energy 
sources.  
 It is worthwhile to observe and study all the 
possible changes that take place in the environment 
during this transition period. For example, the study of 
the levels of radionuclides that are emitted in the 
atmosphere during coal combustion and their possible 
reduction due to the limitations on the use of coal is a 
characteristic example of the depiction of the “coal-zero” 

policy. This can be achieved using some biomonitors, 
the mosses. 
 Mosses are ideal biomonitors as they obtain most 
of their nutrients directly from wet and dry deposition. 
The absence of an elaborate rooting system means that 
the uptake from the substrate is insignificant. These 
properties make mosses an efficient, low-cost and easy 
operating sampling medium for radionuclides deposited 
from the atmosphere (Krmar, 2013). For this purpose, 
different species of naturally growing mosses can be 
used, but in some cases, due to their unavailability in a 
specific location, or even due to the difficulty of being 
spotted and collected, transplanted mosses can be used 
instead. This is called “moss bag monitoring technique” 

and it is an active biomonitoring method that can be 
applied both in urban and industrial areas, providing 
information about the quality of the air (Milićević et al., 

2017). 

 The aim of this study is to radiologically 
characterize an area close to a coal fired power plant in 
Northern Greece by determining the concentrations of 
210Pb, 40K, 137Cs radionuclides in moss bags. For this 
purpose, moss species Hypnum Cupressiforme Hedw. 
were collected from an area with negligible influence 
from air pollution, cleaned manually from impurities and 
were packed into special nylon bags with dimensions of 
24 cm x 14 cm. Then they were placed close to the coal 
fired power plant and were exposed to atmospheric 
deposition for six months (spring to summer). After their 
exposure, they were collected and measured by means of 
gamma spectrometry, using an HPGe detector of 42 % 
relative efficiency. The concentrations of 210Pb, 7Be, 40K, 
137Cs were calculated and presented in Table 1.  
 
Table 1. The activity concentrations of radionuclides (in 
Bq kg-1 ) in moss bags 

Radionuclide spring  summer  
40K 265±53 400±150 

137Cs 

7Be 
210Pb 

12±1 
150±30 
528±248 

9±3 
206±51 
878±413 

 
Most of the radionuclides present higher activities during 
summer period. The majority of 210Pb and 7Be in mosses 
has arrived from aerosol deposition, while 137Cs has been 
transferred to mosses due to the re-suspension of soil. 
Although this is an ongoing investigation and only some 
preliminary results are presented. More conclusions will 
be extracted in the future.  
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 Two beaches (Legrena and Limani Passa) of the 
coastal area of South Attica Greece, were surveyed by 
means of mobile in situ gamma-ray spectrometry. The 
surveys were part of the field work took place during the 
“IAEA RER1020 Regional Workshop on Radiometric 
Methods for the Evaluation of Sediment Dynamics 
Athens, Greece, 8 to 12 November 2021”. The aim of the 
field work of the workshop was to a) map the spatial 
distribution of total (gross) counting rate (TCR) as well 
as, counting rates of specified energy windows related to 
natural radionuclides (40K, 214Bi, 208Tl) and b) interpret 
the maps for marine sediment dynamics investigation. 

 The mobile in situ gamma-ray spectrometry has 
the advantage of revealing factors related with the spatial 
variation of natural environmental radioactivity. The 
experiment was realized using the underwater gamma-
ray spectrometer KATERINA II appropriately adjusted 
in order to be held and operate inside a backpack. From 
methodological point of view, two parameters which are 
opposed to one another, should properly be set to obtain 
statistically solid results, a) the acquisition time (or time 
lag) between two consequent measurements and b) the 
spatial resolution of the mapping. Prolong acquisition 
time results in data of better statistics however, regarding 
an almost steady pace, it results in lower spatial 
resolution as well. Considering an average walking 
velocity stepping on beach sand of 60 m/min, the 
acquisition time was set to 20 s providing uncertainty of 
the total (gross) counts less than 10% and spatial 
resolution of about 10 m.  

 The spatial distribution of the experimentally 
derived TCR and counting rates measurements were 
used to produce radiometric maps based on interpolation 
methods. In Figure 1, 2 the TCR maps are depicted for 
Legrena and L. Passa beaches respectively. The range of 
TCR values (50-120 s-1) were comparable for both cases, 
indicating similar mineralogy. This is a reasonable 
outcome as the distance between the beaches is less than 
5 km so, they belong to the same geological region. 
Moreover, in both cases TCR values reveal local minima 
close to the edge of the sea. TCR steadily increases as 
the distance to the sea edge is also increased. This 
behaviour is attributed to sediment properties. The water 
content of the pore region of the sediment (porosity) is 
higher closer to the edge of the sea as the sand moisture 
is higher. The higher amount of water absorbs more 
gamma-rays emitted from the sediment radionuclides 
thus, the regions of the coastal sediment closer to the sea 
edge is characterized by higher self-attenuation. 

 
Figure 1. TCR spatial distribution of Legrena beach 

 
Figure 2. TCR spatial distribution of L. Passa beach 

Furthermore, local maxima of TCR values were found 
away from the sea edge, close to the mouth of small 
local water streams. Close to the streams, the counting 
rate of the energy window related to 40K were also found 
higher (e.g. as depicted in Fig.3). The rainwater contains 
negligible amount of salts however, as it flows through 
the streams transports quantities of soil containing higher 
amount of 40K than that of the beach sand. 

 
Figure 3. 40K RoI spatial distribution of Legrena beach 

Mobile gamma-ray spectrometry was applied for 
radiometric mapping of the beach sand and according to 
some first results, was proved a promising, rapid and 
cost effective technique to investigate the dynamic of 
coastal sediment. 

This work was supported by IAEA’s “RER1020 Project 

for Developing Radiotracer Techniques and Nuclear 
Control Systems for the Protection and Sustainable 
Management of Natural Resources and Ecosystems.” 
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