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POl FEE RAS

Laboratory of Nuclear Research at POI, since 1974 r.

TOW OBO PAH

Main directions

Main projects: * Behavior of artificial and natural radioisotopes in

- Far Eastern Network of Tritium Monitoring, 1980-1982 hydrosphere objects
- Consequences of Nuclear Submarine accident in Chazhma Bay, 1985-2018 «The use of radioisotopes as tracers of dynamic
- Consequences of the Fukushima-1 NPP accident, since 2011 hydrosphere processes
. * Marine Radioecology
Equipment

* Low-frequency system with a gas proportional meter for measuringtritium in
natural waters The minimum statistical limit for direct registration of the
concentration of tritium is 1.4 TE A systemof electrolytic cells for enriching
aqueoustritium sampleswith aninitial massof 250, 500, 3000g with enrichment
coefficientsof 20, 40, 7 times, respectively

* Ultra-low-frequency liquid scintillation spectrometer QUANTULUS 1220 for
measuringbeta and alpha emitting radionuclideswith a minimum detectable
tritium concentrationof 8 TE Whenusingtwo-stageelectrolyticenrichment,this
valueisreducedto 0.06 TE

* Low-background gamma-spectrometer with a large detector of ultrapure
germanium GEM 150 (crystal diameter 885 mm, height 99.8 mm) in lead
protection with a DSPEQ@ 2.0 digital multichannelanalyzer(ORTEGQJSA) The , 1 -
energy resolution of the detector on the 1332 keV line is 1.9 keV Theintegral  prof. Viadimir Soyfer (right), founder and head
countingrate of the detector backgroundn protectionis 6.6 imp/s in the energy  of laboratory, reports to Academiciatnatoliy

rangeof 50-2990keV/ AleksandroyPresident od USSR Academy of
Sciences (center) during his visit to POI, 1985
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TOW OBO PAH

Protium Deuterium Tritium

|
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IH 1H H

Super-heavy isotope of hydrogen with 2 neutrons in its
nucleus

- W

Discovered in 1934

In nature, tritium is produced in the upper atmosphere
when cosmic radiation particles collide with the nuclei of
atoms, such as nitrogen.

Then with a rain it comes to the land and ocean and
transported through hydrological cycle

Half-life is 12.32 years

Tritium (:H) is a natural isotope of Hydrogen

Hoay M ~. /—v@
*H H @\b
\ / /. N
}‘/‘

o | 0 “N+n o5 "C+°H
ological

hydr al

infiltration rivers

hydrological cycle

Transport of tritium in hydrological cycle is very fast with exception when it is
captured in glaciers and underground water
(from http://www.iaea.org/programmes/ripc/ih/volumes/vol_one/cht_i_08.pyf
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@ Origin and transport of Tritium (:H) in natural environment

TOW OBO PAH

3H 3H 3

Generation in atmosphere, lithosphere Tf @/'@ /

and ocean

Natural

Legal discharge and leakage from
: nuclear industry (nuclear power
Technogenic il plants, nuclear fuel recycling,

r industrial production of tritium)

infiltration rivers

hydrological

cycle

Damages and incidents of nuclear

industry
Transport of trltlum in hydrological cycle is very fast with exception when it is

c ciers and underground water
(from http://www.iaea.org/programmes/ripc/ih/volumes/vol_one/cht_i_08.pyf
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TOW OBO PAH
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1974 — continue tests (France)
1980 - continue tests (China)
1981- other countries continued

1996 - Comprehensive Nuclear-Test-Ban Treaty
1998 — India and Pakistan stopped
2006-2017 — 6 tests of DPR Korea
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@ Nuclear testing since 1945 — gradual increase of 3H concentration

1945 — first nuclear weapon test, USA

1949 — first test in USSR

1953 — first hydrogen bomb, USSR

1963 — Moscow treaty on the Limitation of Nuclear Tests in
Three Environments (atmosphere, underwater and space)

Worldwide nuclear testing, 1945-1998

Increase of tritium concentration >1000 times in Northern Hemisphere



POl FEB RAS

@ Tritium (:H) distribution

TOW OBO PAH
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Tritium concentration now (TU=0.118 Bq/l):

Precipitation 5-10
Land water 5-10
Ocean 0.5- 2.0 (coastal area)

Maximum — middle latitudes of NH, caused by
atmospheric circulation cells, upward transport to upper
atmosphere and fall down

Tritium concentration pre-bomb era:
Precipitation NH  2-12

Precipitation SH 0.6-1.0

Ocean 0.2-1.0

After intensive nuclear tests (1960t): > 1000 TU
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Tritium in precipitation of Vladivostok 1997-2020

TOW OBO PAH
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In the Japan Sea, Okhotsk Sea and Pacific, 2022-2023

Concentration of tritium in surface waters
based on POI cruises on RAkademik
Oparinin Decembef022 (cruise #65)
and AugSep 2023 (cruise #68) in TU

Average: 0.72
Maximum: 1.27
Minimum: 0.33

This is a little higher than other data
0.2-0.5 (Povinecet al., 2004, 2010, 2017)
0.4-0.5 (NRA, 2023)

Because we took many samples close to
the land where tritium content is higher
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Tritium In the ocean to the east of Japan in 2010-2024

TOW OBO PAH

Fukushima-1 NPP incident,
2 .~~~ March 2011

18

1,6

L4 Based on available results of observation
12 50-150 km east of Fukushima-1 area

Nuclear Regulation Authority, Japan, 2023
08 Kaizer et al., 2020
Povinec et al., 2013, 2017
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New challenge: discharge Fukushima-1 NPP accumulated water

TOW OBO PAH

Government of Japan Decision of April 13, 2021 to
discharge water accumulated at Fukushima-1 NPP into
the ocean

Volume of accumulated water: 1.25 M tonn

Purified from all radionuclides with except of tritium
Tritium concentration: ~ 800 KBq/!I

Water will be diluted up to: ~1000 Bq/|

Volume to discharge: 780 TBq of tritium, ~ 22 TBq/year

Period of discharge: 30 years

Started: August 24, 2023

Safety norm (Russia): 7 700 Bq/l (64 405TU)
Safety norm (WHO): 10 000 Bg/I (84 746TU)
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@ Modeling of tritium transport from Fukushima-1 NPP

TOW OBO PAH
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Modelingof tritium distribution under various scenarios (duration of discharge)r—
for 1, 2, 5 and 10 years later (Chang et al., 2021) 100°E
https://doi.org/10.1016/[.marpolbul.2021.112%515
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https://doi.org/10.1016/j.marpolbul.2021.112515
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Fukushima water transport based on Lagrangian Analisys

TOW OBO PAH
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Calculation of water particles transport using Lagrangian analisys of daily satellite altimetry data
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R/V Akademik Oparin cruise, June 4 — July 15, 2024

TOW OBO PAH
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CTD and water sampling down to 1000 m

TOW OBO PAH
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Pumping water from 0-50 m for radionuclides sampling
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@ Method of Tritium (:H) analysis at POl FEB RAS

TOM OBO PAH
Sampling: Sample processing: 1
Sea water VS: 10.50 |iter ﬂ,MCTMnnﬂLI,Mﬂ N NoOArotoBKa 3/1EKTPO/IUTA —
1% NOH

Electrolytic enrichment
V,,i=500g V;,=9.58

15 electrolytes

Enrichment coefficient ~ 40 times

Neutralization chms npo6bil,
HeuTpanusaumna — NaOH+CO, auctunnauua 2

Lowfrequency liquid scintillation counter
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@ Distribution of tritium in surface water of the NW Pacific

TOW OBO PAH
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Field observations and sampling in August-November 2024

TOW OBO PAH
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Summary of field observations and sampling in 2024

TOW OBO PAH
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TOW OBO PAH

3H (TE)
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TOW OBO PAH
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2022-2023
2024
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mmm
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137¢s (MBJ)

2012 2,3 21,0 8,1
2022-2023 0,5 24 1,2
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@ Conclusion

TOW OBO PAH

Tritium concentration in the Northwestern Pacific has being steadily decreasing since
pre-bomb era reaching 0.2-0.5 TU by the 2020s with slight peak in 2011 after
Fukushima-1 NPP incident

Cruise observations during 2024 confirmed that 3H content in the NW Pacific, Japan
and Okhotsk seas varies from 0.3 to 2.0 TU, which is close to natural level and does not
threat for human life even after beginning of Fukushima-1 NPP water discharge

No impact of Fukushima-1 NPP accumulated water discherge was found
However, due to possible technological disruptions during the discharge of

accumulated waters at the Fukushima-1 NPP and other possible incidents, regular
monitoring is necessary.
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