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This 9-page Supporting Information file includes supplementary text for 2 figures, 3 tables, and SI references.


Supplementary Figures and Tables
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Figure S1. Mixing diagrams of 129I concentration (A) vs salinity and NR-derived 236U concentration vs salinity (B) in the Baltic Sea. The functions for mixing lines are as below:
(A) Surface samples (2015)
Saline waters: CI-129 = -51.8 × sal. + 1872 (109 at/kg)    R2=0.641
Brackish waters: CI-129 = 4.43 × sal. - 29.6 (109 at/kg)    R2=0.972
(A) Profile samples (2018-2019)
Saline waters: CI-129 = -31.5 × sal. + 1111 (109 at/kg)    R2=0.963
Brackish waters:  CI-129 = 0.922 × sal. + 2.01 (109 at/kg)    R2=0.845
(B) Surface samples (2015)
Saline waters: CU-236 = -13.0 × sal. + 501 (106 at/kg)    R2=0.585
Brackish waters (upper limit): CU-236 = 11.5 × sal. - 50.6 (106 at/kg)    R2=0.999
Brackish waters (lower limit): CU-236 = 1.47 × sal. + 5.87 (106 at/kg)    R2=0.997
(B) Profile samples (2018-2019)
Saline waters: CU-236 = -16.8 × sal. + 602 (106 at/kg)    R2=0.856
Brackish waters (upper limit): CU-236 = 2.57 × sal. + 6.13 (106 at/kg)    R2=0.980
Brackish waters (lower limit): CU-236 = 1.70 × sal. + 5.81 (106 at/kg)    R2=0.984
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Figure S2. (A) Observed mixing diagram for NR-derived 236U concentration vs salinity for Baltic seawater samples reported in Qiao et al. (2021) and this work; (B) Simulated mixing diagram of RP-derived 236U vs salinity for 74 stations in the Baltic Sea during the past five decades. The solid circles represent the endmembers of the freshwater and North Sea water adopted in Qiao et al. (2021), and the solid line is the corresponding binary mixing line. The dashed circle represents the suggested “aged” endmember of the North Sea water according to the age of the surface water in the central Baltic Sea, and the dashed line is the corresponding binary mixing line.


Table S1. Major sources of 129I, 236U, and 233U in the environment. Discharge data of Sellafield and La Hague refer to the releases before 2017. Other nuclear reprocessing plants releasing 129I include Hanford (USA), Savannah River (USA), Mayak (USSR), Seversk (USSR), and Zhelesnogorsk (USSR). 

	Sources
	129I [kg]
	Ref.
	236U [kg]
	Ref.
	233U [kg]
	Ref.

	Natural production 
	263
	1,2
	35
	3
	
	

	Nuclear weapons testing
	90
	4
	900 - 2100
	5–8
	9 - 15
	9

	Nuclear reprocessing plants 
	
	
	
	
	
	

	Sellafield (UK)
	1880 (liquid)
159 (gaseous)
	10–12
	>237
	13
	
	

	La Hague (France)
	5703 (liquid)
75 (gaseous)
	10–12
	25
	13
	7.5 x 10-6
	14

	Marcoule (France)
	45 (liquid)
145 (gaseous)
	15
	10 - 20
	16
	
	

	Others
	669 (gaseous)
	12
	
	
	
	

	Nuclear accidents
	
	
	
	
	
	

	Chernobyl accident
	1.3 - 6
	17,18
	60 - 80
	19,20
	
	

	Fukushima accident
	1.2
	21
	3 x 10-4
	22
	
	

	Total
	9033
	
	1882
	
	12
	






Table S2: The overall measurement results for 129I, 236U, and 233U during 2015-2019 and the estimated ages of saline water in the Baltic Sea (see the supplemented spreadsheet). 

Table S3. Comparison between the simulation-based results from Meier (2007) and the observation-based estimations in this work for the ages of surface water in the Baltic Sea. The typical uncertainty of the estimated age of surface water is 20% in this work.
	Sub-basins
	Estimated ages for saline water [yr.]

	
	Meier (2007)
	This work

	Arkona and Bornholm Basins
	24-30
	18-23 (n=7)

	East Gotland Basin
	28-30
	20-22 (n=5)

	West Gotland Basin
	30-32
	17-23 (n=4)

	Gulf of Finland
	30-34
	22 (n=1)

	Bothnian Sea
	34-38
	23 (n=1)

	Bothnian Bay
	40-42
	24 (n=1)
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