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Supplementary information
1. Isotope fractionation calculation


xxx of xxxHg and xxxHg represents either 199, 200, 201, 204, and β represents mass proportionality constant (0.2520, 0.5024, 0.7520, and 1.493, respectively). Analytical uncertainty of 2SD is determined by measuring NIST RM 8610 (UM-Almaden; n = 34), NRC-TORT-3 (n =7) and NIST-2711A (Montana II soil; n = 4). NIST RM8610 showed 202Hg of -0.54±0.08‰, 199Hg of -0.03±0.04‰, 200Hg of 0.01±0.05‰, 201Hg of -0.03±0.08‰, and 204Hg of -0.01±0.08‰. NRC-TORT-3 exhibited 202Hg of 0.03±0.07‰, 199Hg of 0.63±0.06‰, 200Hg of 0.06±0.03‰, 201Hg of 0.52±0.10‰, and 204Hg of -0.08±0.05‰. NIST-2711A depicted 202Hg of 0.01±0.09‰, 199Hg of -0.19±0.01‰, 200Hg of -0.01±0.02‰, 201Hg of -0.17±0.05‰, and 204Hg of -0.01±0.04‰. Procedural blanks of liquid sample analysis of NIST RM 8610 (UM-Almaden; n = 4) depicted 202Hg of -0.56±0.13‰, 199Hg of -0.01±0.02‰, 200Hg of 0.00±0.02‰, 201Hg of 0.00±0.05‰, and 204Hg of 0.02±0.06‰. To establish analytical uncertainties, maximum 2SD values were adopted from reference material NIST RM8610 (2SD; 202Hg: 0.08, 199Hg: 0.04, 200Hg: 0.05, 201Hg: 0.08, 204Hg: 0.08).


2. Hg Isotopic corrections and calculations on biota from Masbou et al 2018
Due to the measurable in vivo mass-dependent fractionation (MDF), marine mammals typically have tissue-specific 202Hg values. Among different tissues, livers of the Arctic biota (beluga whale, ringed seal, polar bear) were investigated by Masbou et al 2018. To remove the effect of in vivo MDF, we estimated the 202Hg of prey item consumed by beluga whale, ringed seal, and polar bear. For beluga whale, 202Hg correction factor of 0.97‰ (liver to prey), derived from Li et al 20201, was applied based on the observations of pilot whale liver and its prey (fish, squid) as depicted in Fig. 4c. For ringed seal and polar bear, we used the 202Hg correction factor of 1.47‰ from Perrot et al 2012, 20162,3 which investigated the internal Hg isotope fractionation in Baikalian seal (Phoca sibirica). The Baikalian seal displayed 1.47‰ higher 202Hg in its prey (pelagic fish) relative to the liver due to hepatic demethylation. Fig. 4b depicts the corrected 202Hg, reflecting the prey item of ringed seals and polar bear from Bering Strait and Chukchi Sea.







Supplementary Tables
Supplementary Table 1. Total mercury concentration (THg) and % methylmercury content in zooplankton, fish (Arctic Cod, Boreogadus saida) and other environmental matrices. L indicates >5 mm size, M for 1-5 mm size, S for 0.2-1 mm size fraction. All zooplankton were sampled from the surface to the listed depth. Table is attached to the excel file ‘Supplementary Table 1’.

Supplementary Table 2. Endmembers used to calculate % contributions of each Hg source to the Arctic Ocean zooplankton. Particulate Bounded Mercury (PBM) is calculated from our measured TGM and 202Hg and 199Hg difference estimated between TGM and PBM by Zheng et al. 20215. River particulate Hg (river pHg) are from the Mackenzie River measured by Campeau et al. 20226. Wet precipitation is the compiled by Jiskra et al. 20217. The reported Hg isotope ratios represent mean and 1S.D. for PBM and river pHg, and median and quartile for wet precipitation.
	

	202Hg (‰)


	200Hg (‰)

	199Hg (‰)


	PBM
	0.04±0.13
	-0.04±0.00
	-0.53±0.13

	River pHg
	-1.46±0.42
	0.02±0.07
	-0.11±0.15

	Wet precipitation
	-0.30 (-0.630.03)
	0.17 (0.110.22)
	0.40 (0.210.51)







Supplementary Table 3. Seawater parameters from Section C (the Beaufort Sea).
Casting depth, salinity, dissolved oxygen, chlorophyll A, and temperature measured using CTD/rosette equipped with acid-cleaned 10L Niskin bottles with SBE9plus CTD profiler at Section C (C.01-C.04, C.07).

	
	Casting depth
(m)
	Salinity (psu)
	Oxygen (umol kg-1)
	Chlorophyll A
(mg m-3)
	Temperature (℃)

	C.01
	5
	23.63
	370.99
	0.00
	1.44

	C.01
	50
	31.19
	355.17
	0.47
	-0.41

	C.02
	5
	26.03
	376.26
	0.10
	1.61

	C.02
	40
	30.51
	373.52
	0.35
	-1.12

	C.03
	5
	22.48
	331.92
	0.38
	4.26

	C.03
	40
	31.11
	354.39
	0.37
	-0.89

	C.04
	5
	22.25
	356.04
	0.49
	4.06

	C.07
	2
	20.25
	345.38
	0.70
	5.50

	C.07
	45
	31.40
	291.15
	0.08
	-1.03
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Supplementary Table 4. Hg isotope ratios of standard reference materials from this study and other studies. (*: standard error)
	SRM
	Sample Type
	n
	202Hg
	2SD
	204Hg
	2SD
	201Hg
	2SD
	200Hg
	2SD
	199Hg
	2SD
	Reference

	
	
	
	‰
	
	‰
	
	‰
	
	‰
	
	‰
	
	

	NIST RM 8610
	Standard Solution
	34
	-0.54
	0.08
	-0.01
	0.08
	-0.03
	0.08
	0.01
	0.05
	-0.03
	0.04
	This study

	
	
	403
	-0.57
	<0.01*
	-0.01
	<0.01*
	-0.04
	<0.01*
	0.01
	<0.01*
	-0.02
	<0.01*
	Blum and Johnson8 

	
	
	88
	-0.53
	0.05
	-0.01
	0.06
	-0.04
	0.03
	0.01
	0.03
	-0.02
	0.05
	Lepak et al9

	
	
	11
	-0.56
	0.07
	0
	0.04
	-0.04
	0.05
	0.01
	0.03
	-0.02
	0.05
	Motta et al10

	
	
	46
	-0.53
	0.1
	-
	-
	-0.04
	0.06
	0.01
	0.05
	-0.03
	0.05
	Masbou et al11

	
	Procedure Standard
	4
	-0.56
	0.13
	0.02
	0.06
	0.00
	0.05
	0.00
	0.02
	-0.01
	0.02
	This study

	NRC TORT-3
	Lobster
	7
	0.03
	0.07
	-0.08
	0.05
	0.52
	0.10
	0.06
	0.03
	0.63
	0.06
	This study

	
	
	4
	0.07
	0.04*
	-0.08
	0.08*
	0.55
	0.08*
	0.06
	0.06*
	0.67
	0.05*
	Blum and Johnson8

	
	
	10
	0.06
	0.06
	
	
	0.59
	0.11
	0.07
	0.06
	0.72
	0.07
	Enrico et al12

	
	
	3
	-0.02
	0.18
	
	
	0.5
	0.18
	0.04
	0.14
	0.66
	0.02
	Besnard et al13

	
	
	10
	0
	0.07
	-0.09
	0.04
	0.49
	0.04
	0.07
	0.02
	0.67
	0.06
	Kim et al14

	NIST SRM2711a
	Soil
	4
	0.01
	0.09
	-0.01
	0.04
	-0.17
	0.05
	-0.01
	0.02
	-0.19
	0.01
	This study

	
	
	3
	-0.11
	0.11
	0.02
	0.08
	-0.18
	0.06
	-0.03
	0.09
	-0.25
	0.04
	Grigg et al15

	
	
	6
	-0.23
	0.06
	-0.18
	0.26
	-0.19
	0.05
	0
	0.09
	-0.2
	0.05
	Liu et al16

	
	
	8
	-0.1
	0.06
	-
	-
	-0.18
	0.04
	-0.02
	0.04
	-0.22
	0.04
	Geng et al17

	
	
	10
	-0.1
	0.08
	0.02
	0.02
	-0.19
	0.05
	-0.01
	0.03
	-0.23
	0.03
	Kim et al14




Supplementary Figures
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자동 생성된 설명]
Supplementary Fig. 1 Map of sampling locations at Section B (Chukchi Sea). The figure was drawn using Ocean Data View18


[image: ]
[bookmark: _Hlk138592432]Supplementary Fig. 2 Total Hg (THg) concentration, 202Hg, and 199Hg of sediment sampled at Section C (Beaufort Sea) in relation to their distances away from land. From a to c, the P-values for the regression are 0.01, 0.18, 0.05.
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자동 생성된 설명]
Supplementary Fig. 3 Zooplankton total Hg (THg) concentration with increasing distances away from land. From a to c, the P-values for the regression are 0.04, 0.04, 0.02.
[image: 텍스트, 도표, 평면도, 개략도이(가) 표시된 사진

자동 생성된 설명]
Supplementary Fig. 4 202Hg and 199Hg of zooplankton and Artic cod. S (0.2-1 mm), M (1-5 mm), L (>5 mm) refer to zooplankton sizes, and fish refers to the Arctic Cod sampled exclusively at Section B. The bar graphs represent the mean, minimum, and maximum values.
[bookmark: _Hlk145532280][image: ]
Supplementary Fig. 5 202Hg (a, c, e) and 199Hg (b, d, f) of zooplankton in relation to distances away from land. From a to f, the P-values for the regression are 0.03, 0.11, 0.13, 0.00, 0.13, 0.01.

[bookmark: _Hlk144458435][bookmark: _Hlk145532344][image: ]
Supplementary Fig. 6 199Hg (a, c, e, g, i) and 200Hg (b, d, f, h, j) of surface seawater with respect to varying measured parameters. Each variable is measured using CTD at Section C at the water depth of 25 m. From a to j, the P-values for the regression are 0.01, 0.04, 0.02, 0.01, 0.00, 0.00, 0.00, 0.01, 0.01, and 0.02.
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자동 생성된 설명]
Supplementary Fig. 7 200Hg of the Arctic biota from all this study and prior literature. Ringed seal, polar bear, and beluga whale from Masbou et al 201811, murre eggs are from Point et al 201119 and Day et al 201220. The bar graphs represent mean, minimum and maximum values. 
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