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POl FEE RAS

TOW OBO PAH

Main projects:
- Far Eastern Network of Tritium Monitoring, 1980-1982

Laboratory of Nuclear Research at POI, since 1974 r.

Main directions
eBehavior of artificial and natural radioisotopes in
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

Equipment

eLow-frequency system with a gas proportional meter for measuring tritium in
natural waters. The minimum statistical limit for direct registration of the
concentration of tritium is 1.4 TE. A system of electrolytic cells for enriching
agueous tritium samples with an initial mass of 250, 500, 3000 g with enrichment
coefficients of 20, 40, 7 times, respectively.

eUltra-low-frequency liquid scintillation spectrometer QUANTULUS 1220 for
measuring beta and alpha emitting radionuclides with a minimum detectable
tritium concentration of 8 TE. When using two-stage electrolytic enrichment, this
value is reduced to 0.06 TE

eLow-background gamma-spectrometer with a large detector of ultrapure
germanium GEM 150 (crystal diameter 88.5 mm, height 99.8 mm) in lead
protection with a DSPEC jr 2.0 digital multichannel analyzer (ORTEC, USA). The
energy resolution of the detector on the 1332 keV line is 1.9 keV. The integral
counting rate of the detector background in protection is 6.6 imp/s in the energy
range of 50-2990 keV.

hydrosphere processes
eMarine Radioecology
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Prof. Vladimir Soyfer (right), founder and head
of laboratory, reports to Academician Anatoliy
Aleksandrov, President od USSR Academy of
Sciences (center) during his visit to POI, 1985
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TOW OBO PAH

Protium Deuterium Tritium

1. 2.
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
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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.pdf)
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@ Origin and transport of Tritium (:H) in natural environment

TOW OBO PAH

3

3H 3H

! e :
Generation in atmosphere, lithosphere T/ @/ /

and ocean

Natural
Transport to atmosphere from outside

Nuclear weapon tests

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

infiltration rivers

industrial production of tritium)

hydrological cycle

Damages and incidents of nuclear

industry

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.pdf)
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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
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@ 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



POl FEE RAS

Tritium in precipitation of Vladivostok 1997-2020

TOW OBO PAH

o70a200s INter-annual variation during 1997-2020
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TOW OBO PAH
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Tritium In the Japan Sea, Okhotsk Sea and Pacific, 2022-2023
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Concentration of tritium in surface waters
based on POI cruises on R/VV Akademik
Oparin in December 2022 (cruise #65)
and Aug-Sep 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 (Povinec et 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

1,8

1,6

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

TOW OBO PAH

(Bg/m?)

1 years later,,
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" FUKUSHIMA RADIATION SPREADING
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Modeling of tritium distribution under various scenarios (duration of discharge) s il = W
for 1, 2, 5 and 10 years later (Chang et al., 2021) 100°E 150°E  200°E  250°E  100°E 150°E  200°E  250°E

https://doi.org/10.1016/j.marpolbul.2021.112515) Longhucde Longitude
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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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| HNC «Akagemunk OnapuHy», 1985 r. noctponku, 2600 T, Hay4Hasa rpynna
135°E 140°E 145°E 150°E 155°E A0 32 yen., xo4 Ao 11,5 ys., HemcnpaeHble nebeaku
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CTD and water sampling down to 1000 m

TOW OBO PAH

1 |I'uaposornyeckue HCCJIAeT0BAHUSA
- CT]I-cTaHiuii /30HIUPOBAHUI 131/163
- CTA-cranumii ¢ orbopoM npo0 BOABI HAa CTaHIAPTHBIE

THIPOXUMHYECKHE TapaMeTPhI 84

- CT/I-cTanmmii/ 30HIUPOBAHUI ¢ 0TOOPOM MTPOO BOABI OOIBIIOTO 0OBEMA 8/31

JUTSE aHAJIM3a PaJHOM30TOIIOB

2 |’'mapoxumMm4yeckHe MCCIETOBAHUS

0TOOPaHO U MPeIBAPUTEIHLHO 00pab0oTaHO MPOO BOJIBI HA ONPEACICHHE

CTAHJAPTHBIX THAPOXUMHUYECKUX TAPAMETPOB:
- PACTBOPEHHOI'0 KMCJIOPOJIa 640
- OuoreHoB ((hocdaTsl, HUTPAThl, HATPHUTHI, CUIIMKATHI) 656
- BoJopoHoro nokasarens (pH) 640
- xJopoduiI-a 96

oTro0OpaHo U 3ah)UKCUPOBAHO JIJIS TIOCIIEAYIOMIEH 00paboTKH) TPOO BOIBI
Ha ONpeIeICHHE:
- OO11eii meNoYHOCTH 640

3 [I'mapoduosormyecKkue UCCaeI0BaAHUS

- OTIpEJICIICHNE YUCIICHHOTO U Pa3MEPHOT0 COCTaBa (PUTOTUIAHKTOHA B
mope FlowCam, anannzos

- IOJITOTOBJICHO TSI OTIPENICIICHHUS] TMTMEHTHOTO COCTaBa
(hUTOIIAHKTOHA, IPOO

- TOJI'OTOBJICHO JUISI aHAJIM3a BUIOBOTO COCTaBa (hMTOILIAHKTOHA, IPOO 68
- OTIpeJieNIeHNe TIEPBUYHOM POIYKIIMH (PUTOTUIAHKTOHA C TIOMOIIBIO
FlowCam, ananu3os

MOATOTOBJICHO JUISI OTIPENIEIICHHUS TIEPBUYHOM NPOIYKIHH (DUTOITIAHKTOHA 36
- 0TOOpaHO MPOoO M1 ONMPEACIICHUS YUCICHHOCTH U OMOMAacChl OaKTepHO- 186
TUIAHKTOHA

348

224




POl FEE RAS

TOM ABO PAH
9 | Paamo3KoJ0ru4yecKue HeCJa1e 0BaAHHsA

HUI « KypuamoscKuil uHCmumymy.
- IpsIMBIE paJHAIIMOHHBIE HCCIIEI0BAHUS C TIPUMEHEHHUEM TOABOIHBIX TaMMa- 36
CIEKTPOMETPOB, 3 CTAHIMH, 00IIAsT IPOJOIDKUTEILHOCTh, Yac.
- Mpo6OOTOOP MOPCKOM BOIBI JIJISI TAIbHEHIIIET0 aHaIM3a Ha COIePIKaHue
TEXHOTE€HHOTO pagronykinaa 13'Cs ¢ mpuMeHeHneM copOIMoHHON yctanoBky, | 28/100
06mmit 00beM 32 M3, cTaHIMIA/IPOO I aHAIU3a
- Mpo6OOTOOP MOPCKOM BOBI JIJIS TAIbHEHIIIEr0 aHaIM3a Ha COIePIKaHue
TEXHOTEHHBIX paaroHyKinIoB 137Cs u %0Sr ¢ mpuMeHeHneM OcauTeIbHOM 212
MeTorukH (400 11), cTaHImi/Ipoo

CaxI'VuCesl'V:
- oTO0p Mpo6 MOpcKoii BosI (3-5 M) [T aHAIU3a COEPKAaHMS aHTPOIIOT€HHBIX

20

pagronykiuaoB Cs-137 u Sr-90,100 1, mpo6
- 0TOOp TIPO6 MOPCKO# BOBI (3-5 M) U1 aHAIM3a COEPKAHUS PATHOHYKITUIOB 29
Ra-226/228, 225 n, npob
- 0TOOp P06 MOPCKO# BOBI (3-5 M) IS aHAJIN3a COMEPIKAHUS PATHOHYKIIHIa 9
Th-234, 900-1300 11, 1po6
- 0TO0p TIP06 MOPCKO#t BobI (5-50 M) TSI OLIEHKH COACPIKAHUS PAIUOHYKIIHI0B 20
Pb-210/P0-210, 1100-4000 11, mpo®
- 0TOOp NPOO JOHHBIX OTIOKCHUN 3

TOMU JIBO PAH:
- 0TOOP NPOO BOJIBI HA TPUTHH C TOBEPXHOCTH OKeaHa, 0.5 11 8
- 0TOOP POO BOJIBI HA TPUTHH C PA3IUYHBIX DIYOHH, 0.5-5 JI, cTaHIMN/TIPOO 33/198
- or60p npob Boxkl Ha ‘Be, 226Ra, 228Ra, 134Cs, 13’Cs ¢ mosepxnoctu, 100-200 1 5
- oT00p 1pob Boxkl Ha ‘Be, 226Ra, 228Ra, 134Cs, 137Cs ¢ pasznuunbix ryoun, 100 1 [ 15/80
- 0T6Op P0G U ONpeEIeHre KOPOTKOKUBYIUX H30TONOB 222Ra u ?**Ra ¢ 32

nomoIpio cucteMbl RaDeCC, 120-240 1, npo6

Pumping water from 0-50 m for radionuclides sampling

3H, 134CS, 137CS, 905[‘, 210Pb, 234Th, 7Be, 226Ra, 228Ra

Vb
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POI FEB RAS (§
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@ Method of Tritium (:H) analysis at POl FEB RAS

TOW OBO PAH
Sampling: Sample processing 1:
Sea water V.= 1.0-5.0 liter Aunctunnaymua m NnoarotoBKa 3/1IeKTPOAUTa —
1% NOH

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

15 electrolytes

Enrichment coefficient ~ 40 times

Neutralization: cnus npobbi,
HeuTpanusaumna — NaOH+CO, auctunnauua 2

Low-frequency liquid scintillation counter
20 npob 3az2pyxcaemcsa e depxcamensd, 2 U3 HUX ¢poH u 3 KANUb6POBOUHBIX.
Bpemsa uzmepeHusa o0Hozo 0bpa3zyal000 muHym (50 yuknoe no 20 muHym).
Obuwee spemsa usmepeHusa 20 obpazyos 14 dHell

®oH 8 mpumuesom okHe 0.65 umn/muH,

ApdpekmusHocmoe pecucmpayuu 20 %

MuHumansHaa pecucmpupyemasn KoHueHmpayusa *H e eode 8 TU unu 0.5
Bk/n 3a epemsa usmeperusa 1000 muHym 5

Mpu oboeaweHuu 6 40 paz amo 0.2 TU unu 0.024 bk/n 4

Owubka usmepeHusn: +-10% (e duanazoHe uzmepaembix KoHUeHmpayuii) QUANTULUS 1220
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@ Distribution of tritium in surface water of the NW Pacific

TOW OBO PAH

) 2024—06—26
_ _ _ 900 Y
. A - . K00
. s Tritium content In
Oxomckoe Mope\/ © & 200
50°N the surface water
600
east of Japan
500
. 0.36-0.78 TU
45°N
2024—06—26 300
900 -
{00
| 300 Tuxudi
700
o /3 _ .y o ¥,
40°N ) G f (/ 600 147° 150 153" 156° 1597
. . 500
>/ a ' {
N ' / 400
35°N A
s 200
% 100
135°E 140°E 145°E 150°E 155E 0T A |4' u 535  [5ES  190°




POl FEE RAS

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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Tritium content east of Japan: 0.3-0.8 TU
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| Corresponds well with other observations
before 2023

0.2-0.5 TU (Povinec et al., 2004, 2010, 2017),
0.4-0.5 TU (NRA, 2023)
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Safety norm (Russia): 7 600 Bq/l (64 405 TU)
Safety norm (WHQO): 10 000 Bq/I (84 746 TU)

Higher tritium content in the Okhotsk Sea
and coastal areas of the Japan Sea: > 1.5 TU

Impact of land water discharge, Amur River
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Tritium vs Salinity: impact of land water discharge

TOW OBO PAH

South North Coastal Ocean
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TOW OBO PAH

C T Y R
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Concentration of
3H and 137Cs
in 2012-2024
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e o e o
2012 1,1 25 1,7
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137Cs (mBg/l)
2012 2,3 21,0 8,1
2022-2023 05 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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