
HAL Id: hal-03834479
https://hal.science/hal-03834479

Submitted on 30 Oct 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distribution pattern of mercury in northern Barents Sea
and Eurasian Basin surface sediment

Stephen G Kohler, Laura M Kull, Lars-Eric Heimbürger-Boavida, Thaise
Ricardo de Freitas, Nicolas Sanchez, Kuria Ndungu, Murat V Ardelan

To cite this version:
Stephen G Kohler, Laura M Kull, Lars-Eric Heimbürger-Boavida, Thaise Ricardo de Freitas, Nicolas
Sanchez, et al.. Distribution pattern of mercury in northern Barents Sea and Eurasian Basin surface
sediment. Marine Pollution Bulletin, 2022, 185, �10.1016/j.marpolbul.2022.114272�. �hal-03834479�

https://hal.science/hal-03834479
https://hal.archives-ouvertes.fr


Marine Pollution Bulletin 185 (2022) 114272

Available online 30 October 2022
0025-326X/© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Baseline 

Distribution pattern of mercury in northern Barents Sea and Eurasian Basin 
surface sediment 

Stephen G. Kohler a,*, Laura M. Kull a, Lars-Eric Heimbürger-Boavida b, 
Thaise Ricardo de Freitas c, Nicolas Sanchez a, Kuria Ndungu d, Murat V. Ardelan a,* 

a Department of Chemistry, Norwegian University of Science and Technology (NTNU), Høgskoleringen 5, NO-7491 Trondheim, Norway 
b Aix-Marseille Université, CNRS/INSU, University de Toulon, IRD, Mediterranean Institute of Oceanography (MIO), Bât. Méditerranée, Campus de Luminy-Océanomed, 
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A B S T R A C T   

Marine sediment is a significant sink for the global pollutant mercury. In a rapidly changing Arctic region, 
mercury (Hg) bioaccumulation in the marine ecosystem remains a prominent environmental issue. Here, we 
report surface sediment (0–2 cm) concentrations of Hg and other toxic elements of interest (Cr, Ni, Zn, Cu, As, Cd, 
Pb) in the northern Barents Sea and Eurasian Basin. We observed average Hg concentrations of 65 ± 23 ng/g 
with the highest concentration of 116 ng/g in the Eurasian Basin. Our calculated enrichment factors suggest low 
anthropogenic enrichment for mercury, chromium, nickel, and copper. Mercury and trace element geographic 
patterns are best explained by the origin and transportation of fine grain sediment towards the Eurasian Basin, 
with scavenging by both particulate organic carbon and metal oxides as significant delivery mechanisms.   

A warming global climate is driving elevated ocean temperatures, 
accelerated losses of sea ice, thawing permafrost, and an increased 
geopolitical interest in the Arctic Ocean. Consequently, these changes 
may have a negative impact on the vulnerable Arctic marine ecosystem. 
The ramifications of climate change will also impact the biogeochemical 
cycle of the global pollutant mercury (Chetélat et al., 2022; McKinney 
et al., 2022). Mercury (Hg) concentrations in Arctic biota are elevated 
despite an absence of important local anthropogenic sources. Thus, most 
of the Hg in the Arctic region comes from fossil fuel burning, mining, and 
other human-related activities in lower latitudes and transported to the 
general Arctic region via atmospheric transport (Dastoor et al., 2022). 
For the Arctic Ocean, Hg is delivered about equally via atmospheric 
deposition, the major pan-Arctic rivers, oceanic currents and erosion, 
along with minor inputs from snow and glacial melt (Dastoor et al. 
(2022) and references therein). Additionally, large stores of natural Hg 
in permafrost (Schuster et al., 2018) may be released in the future and 
shuttled to the Arctic shelves because of climate change. 

Increased Hg inputs to the Arctic Ocean shelves suggest marine 
sediments will be the major sink for Hg in this area. Current Arctic Hg 

budgets may already underestimate sediment Hg burial by over 100 % 
(Dastoor et al., 2022), suggesting a substantial increase in total Hg 
delivered to marine sediments under climate change scenarios. Recent 
measurements of Hg isotopic signatures in Arctic fjord sediment cores 
historically suggest Hg delivery is modulated by climatic changes (Lee 
et al., 2021). The current rapid warming in the Arctic region indicates 
that glacial melt, rivers, and erosion will deliver more Hg to Arctic shelf 
surface waters. At the same time, the concurrent increase in primary 
production and particulate matter fluxes may deliver large amounts of 
Hg and organic matter (OM) of marine origin to the sediments, stimu-
lating transformation to bioaccumulative methylmercury (MeHg) 
(Mazrui et al., 2016). Subsequent diffusion from Arctic shelf sediments 
represents a significant MeHg source to the Arctic Ocean (Kim et al., 
2020), which could drive increased MeHg concentrations in Arctic biota. 
As the northern Barents Sea is poised to become the first Arctic shelf sea 
to transition to a warm and well-mixed Atlantic water shelf sea (Lind 
et al., 2018), baseline measurements of Hg and other contaminants in 
marine sediments are critical. 

In the northern Barents Sea, a lack of major riverine sources suggests 
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that the major Hg inputs to surface waters are atmospheric deposition, 
oceanic transport, and erosion from Svalbard, Franz Josef Land and 
Novaya Zemlya. In addition, snow and glacial melt supply organic car-
bon (OC) bound-Hg to fjords in the Svalbard archipelago (Kim et al., 
2020), where scavenging within the water column by particulate matter 
delivers Hg to marine sediments (Tesán et al., 2020). On the Arctic 
shelves, studies have suggested that increases in primary production, 
type of OM, hydrodynamic sorting, and diagenesis are all controlling 
factors explaining sedimentary distributions of Hg and other trace ele-
ments (Aksentov et al., 2021; Gobeil et al., 1999; Li et al., 2021; Liem- 
Nguyen et al., 2022; Ye et al., 2019). In sediment cores, elevated 
enrichment factors (EF) of bulk Hg in the surface have also been 
attributed to recent anthropogenic inputs in Greenland (Asmund and 
Nielsen, 2000), the Laptev and East Siberian Seas (Aksentov et al., 
2021), and the southern Barents Sea (Everaert et al., 2017). However, 
knowledge of Hg and other toxic elements in marine sediments in the 
central Arctic Basin and the rapidly changing northern Barents Sea re-
mains poor. 

In this study, we measured bulk concentrations of Hg and other trace 
elements in surface sediments of the northern Barents Sea and Eurasian 
Basin. We evaluate EFs and sediment quality status of Hg and other trace 
elements, explore sediment distribution patterns of Hg, and discuss its 
influencing factors. 

The sampling locations in the northwestern Barents Sea and Eurasian 
Basin were sampled on five cruises on R/V Kronprins Haakon as part of 
The Nansen Legacy project between August 2019 and September 2021 
(Fig. 1). Samples in the northeastern Barents Sea were collected on R/V 
Dalniye Zelentsy in October and November 2019. All samples were 
collected either via box corer or Van Veen grab. Sediment was collected 
from the upper 0–2 cm and subsampled into trace-metal free tubes 
(Falcon) while avoiding all contact with metal equipment. Samples were 
subsequently frozen on board at − 20 ◦C until further processing. In the 
laboratory, samples were freeze-dried and then homogenized using a 
trace-metal clean non-metallic mortar and pestle 

(polyetheretherketone). 
Sediment samples were measured for total Hg by atomic absorption 

via thermal decomposition using a Direct Mercury Analyzer (DMA-80, 
Milestone). Selected samples were analyzed in duplicate and triplicate. 
The DMA was calibrated each use with a five-point calibration curve 
using the BrooksRand HgCl2 standard (1.0 ± 0.006 mg/L) traceable to 
NIST 1641E. Accuracy and precision of the method were determined 
using two reference materials, marine sediment MESS-4 (n = 56) and 
estuarine sediment BCR-277R (n = 3). Recoveries of both reference 
materials were within the 95 % confidence interval with RSDs <5 % 
(Supplementary Data Table 1). Measurements from the same stations 
that were sampled during several cruises were averaged together if they 
were within 15 km2 for plotting and statistical analysis. Additionally, 
approximately 250 mg of dried homogenized sediment sample was 
digested in a 50 % v/v clean HNO3 acid mixture using an Ultraclave 

Fig. 1. Map of sampling stations in the Barents Sea and Eurasian Basin. Map created with Ocean Data View.  

Table 1 
Regional data of Hg concentrations in surface sediments of the Arctic Ocean.  

Location Average Hg (ng/ 
g) 

Range Hg (ng/ 
g) 

Source 

Northern Barents 
Sea 

55 21–94 This study 

Southern Barents 
Sea  

36 16–63 Knies et al., 2008 

Barents Sea  58  Novikov, 2017 
Outer shelf  38–98 Tesán et al., 2020 
Laptev Sea  51 30–96 Liem-Nguyen et al., 

2022 
East Siberian Sea  74 55–97 Kim et al., 2020 
East Siberian Sea  36 13–92 Aksentov et al., 2021 
Chukchi Sea  31 5–55 Fox et al., 2014 
Chukchi Sea  32 9–78 Sattarova et al., 2022 
Eurasian Basin  87 63–116 This study 
Arctic Basin ~77 57–116 Gobeil et al., 1999 
Arctic Basin  36–145 Tesán et al., 2020  
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(Milestone). Samples were analyzed for Al, Fe, and trace elements (Li, V, 
Cr, Mn, Co, Ni, Cu, Zn, As, Ag, Cd, Pb) on an 8800 triple quadrupole ICP- 
MS (Agilent Technologies) using O2 or H2 as a reaction gas in MS/MS 
mode, depending on the element. Accuracy and precision of the method 
were determined using the certified reference materials MESS-4 (n = 3) 
and BCR-277R (n = 3), with all recoveries between 82 and 107 % 
(Supplementary Data Table 1). All metal concentrations are reported in 
dry weight. 

Samples were analyzed for OM content using the loss-on-ignition 
(LOI) technique (Heiri et al., 2001) and for total organic carbon con-
tent (TOC %) using the DIN19539 method using a Primacs SNC100 Total 
Organic Carbon analyzer. Samples analyzed in triplicate for LOI had 
RSDs <5 % and samples analyzed in duplicate and triplicate for TOC % 
had RSDs <2 %. 

To evaluate potential contamination from anthropogenic sources, 
EFs were calculated for surface sediments for environmental metals of 
interest Cr, Ni, Cu, Zn, As, Cd, Hg, and Pb using the following equation: 

EF = [(Els)/(Lis) ]/[(Elb)/(Lib) ]

El is the element of interest in surface sediment (s), normalized to 
lithium (Lis) in surface sediment (Loring, 1990). This ratio is compared 
to background (b) dry weight concentrations of both El and Li. As the 

best way to evaluate enrichment factors is to use background data from 
the specific survey area (Abrahim and Parker, 2008), background con-
centrations for all elements of interest were assessed by evaluating 
sediment core data from the MAREANO project in the Barents Sea 
(Jensen et al., 2022). The elemental ratio Elb/Lib from the 10 cm core 
depth interval was averaged for 13 selected sediment cores above the 
74◦N latitude line chosen from the MAREANO dataset. Based on sedi-
mentation rate data from this shelf region, 0.7 ± 0.4 mm/yr (Zaborska 
et al., 2008), the 10 cm depth interval represents an approximate pre- 
industrial period of ~1850–1900. An EF > 1.0 in surface sediments 
suggests enrichment compared to the background value and could 
indicate potential anthropogenic input. 

Maps were created with the publicly available Ocean Data View 
(Schlitzer, 2021) using weighted-average gridding. Statistical process-
ing was performed in SPSS software to evaluate Pearson correlations and 
Z-score normalization with Varimax rotation for principal component 
analysis (PCA). Two principal components (PC) were extracted. The 
viability of a PCA plot was assessed using the Kaiser-Meyer-Olkin 
Measure for sampling adequacy and Bartlett's test for sphericity. 

Total Hg concentrations in all surface sediment samples (Fig. 2A) 
ranged from 21 to 116 ng/g and were on average 65 ± 23 ng/g (1SD). 
Our observed Hg concentrations are within the range to those previously 

Fig. 2. Distributions of Hg, Li, TOC, Hg/Li, Al, and Fe in surface sediments of the northern Barents Sea and Eurasian Basin. Figure created using Ocean Data View.  
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reported in the Arctic Basin as well as the surrounding Arctic shelf seas 
(Table 1). The highest Hg concentrations of 87 ± 20 ng/g (range: 
63–116 ng/g, n = 8) were observed in the Eurasian Basin (bottom depth 
> 1000 m), with the maximum Hg values observed in the deepest part of 
the Nansen Basin at station P8. On the shelf (bottom depth < 542 m), 
average Hg concentrations were lower at 55 ± 17 ng/g (range: 21–94 
ng/g, n = 18) with the lowest values observed in the northeastern 
Barents Sea near Novaya Zemlya. Furthermore, our Hg concentrations 
suggest an increasing trend northward when compared to bulk Hg 
concentrations in surface sediments of the southern Barents Sea (Knies 
et al., 2008). 

The TOC % content appears to show the opposite trend to our bulk 
Hg concentrations, with TOC % content higher on the shelf than in the 
central basin (Fig. 2C). The lowest values are observed in the north-
eastern Barents Sea (R15, 0.62 %) and the Eurasian Basin (P9, 0.66 %), 
while the highest TOC % is observed in the northwestern Barents Sea 
(P1, 1.71 %). P1 is south of the polar front and impacted by Atlantic 
Water, with higher primary productivity than the more northward Polar 
Water stations. Lower TOC concentrations on the shelf (R15, P5) could 
be associated with localized sand banks and shallower areas. Higher 
sedimentary TOC concentrations in the northern Barents Sea shelf most 
likely reflect the higher rates of primary production and 1–2 orders of 
magnitude difference in vertical particulate organic carbon (POC) 
export (Reigstad et al., 2008) compared to the central Arctic Basin 
(Nöthig et al., 2020). However, TOC % contents in the Nansen Basin next 
to the shelf break and slope (P6, P7.1, P7.2, SICE4) show similar values 
to shelf stations in the northwestern Barents Sea. Higher TOC % in this 
area may be due to increased primary productivity and vertical export in 
the ice-free West Spitsbergen Current which flows along the slope par-
allel to Svalbard (Loeng, 1991) or settling of OC from advected resus-
pended sediment (Thomsen et al., 2001). Intrusion of the West 
Spitsbergen Current could explain the higher TOC concentrations at P4. 
Overall, our higher TOC % contents in the northern Barents Sea are in 
line with previous studies in the same area (Carroll et al., 2008; Faust 
et al., 2020). 

Bulk concentrations for trace elements are presented in Fig. 3 and 
averages in Supplementary Data Table 2. Our bulk trace metal concen-
trations are similar to previous studies in this region (Faust et al., 2020; 
Maslov et al., 2020; Novikov, 2017) yet trend slightly higher than the 
southern Barents Sea (Budko et al., 2022; Knies et al., 2008). Further-
more, our shelf stations are comparable to other trace metal concen-
trations found in the Laptev and East Siberian Seas (Li et al., 2021; 
Sattarova et al., 2021) and the Chukchi Sea (Cai et al., 2011; Sattarova 
et al., 2022; Trefry et al., 2014). Elements Co, Ni, Cu, and Pb exhibited 
higher concentrations in the deep basin (Fig. 3D, E, F, K), while elements 
Fe, V, As, and Ag appeared higher on the shelf (Fig. 2F, 3A, H, I). In the 
basin, high concentrations of Co, Ni, and Cu may reflect the trans-
portation of these metals complexed with dissolved OM within the 
transpolar drift (Charette et al., 2020) and subsequent scavenging with 
particulate matter. The highest concentrations of Pb were just off the 
continental shelf along the slope and into the basin, suggesting rapid 
scavenging of Pb and/or sediment focusing in this region. Other ele-
ments in our study area (Cr, Zn, Cd) exhibited no clear trend with 
regards to shelf or basin enrichments (Fig. 3B, G, J). In general, bulk Mn 
concentrations are higher in the Arctic Basin (Ye et al., 2019), although 
one station on the shelf, P4, had unusually high concentrations of Mn 
(Fig. 3C). A manganese nodule was found at this station, most likely due 
to the high sedimentary Mn content in this particular area (Ye et al., 
2019), which could indicate an active redox environment and explain 
elevated levels of V, Ni, Zn, As, and Cd. 

We evaluated EFs of toxic elements of concern Cr, Ni, Cu, Zn, As, Cd, 
Hg and Pb and present average EFs of all stations in Fig. 4. Elements 
have EFs of 1.4 ± 0.2 (Cr), 1.1 ± 0.2 (Ni), 1.1 ± 0.3 (Cu), 0.9 ± 0.1 (Zn), 
3.0 ± 1.7 (As), 0.4 ± 0.2 (Cd), 1.1 ± 0.3 (Hg), and 0.9 ± 0.2 (Pb). 
Therefore, EFs above natural background levels (> 1.0) could indicate 
local anthropogenic sources of metals or increased metal concentrations 

on particles delivered to sediment. The average Hg EF was 1.1 ± 0.3, 
suggesting relatively uniform increases in Hg accumulation for most 
stations. Basin stations SICE4, P8, and P9 show the highest Hg EFs be-
tween 1.7 and 1.9, which could suggest higher anthropogenic accumu-
lation. Additionally, stations P8 and P9 are close to the Gakkel Ridge 
which could suggest Hg input from this active fault between the 
Amundsen and Nansen Basins. Although, this enrichment could also be 
due to upward diffusion of Hg and re-precipitation in surface sediments 
due to the combination of redox processes (Gobeil et al., 1999) and low 
sedimentation rates in the Central Basin, between 0.002 and 0.05 mm/ 
yr (Polyak et al., 2009). The average EF of As (3.0 ± 1.7) suggests po-
tential anthropogenic enrichment, although the elevated surface As 
concentrations could also indicate an active redox cycle with tight 
coupling to both Fe and Mn (Herbert et al., 2020). We compared our 
bulk metal concentrations to the sediment classification guidelines 
outlined by the Norwegian Environment Agency (Supplementary Data 
Table 3), which aims to identify the toxicity risk to organisms. Elements 
Cr, Cu, Zn, Cd, Hg and Pb were attributed to “background” or “low risk” 
concentrations for all stations while Ni and As for most stations were 
classified as “moderate” risk. Only a few stations exhibited bulk As 
values as “high” toxicity risk, suggesting a local source of As, possibly in 
As-rich rocks along the continental margins of Franz Josef Land and 
Svalbard (Geissler et al., 2019). 

To explore the relationships amongst the various elements, PCA of all 
measured parameters was performed (Fig. 5). Two PCs were extracted, 
explaining 66 % of the total variance for surface samples. Most param-
eters (Al, Fe, Li, V, Cr, Mn, Co, Ni, Cu, Zn, Hg, LOI) had significant 
positive loadings on PC1 (Supplementary Data Table 4) while Si had a 
significant negative loading. PC1 explained 48 % of the total variance, 
and most likely reflects the lithogenic characteristics and local topog-
raphy of the region. Fine-grained aluminosilicates (<63 μm grain size) of 
terrigenous origin make up most of the region, with decreasing grain 
size from the shelf into the basin (Wahsner et al., 1999). Varying topo-
graphic conditions on the shelf, such as troughs and sand banks, may 
also reflect sedimentary trace metal distributions. We suspect that many 
of our element distributions in the northern Barents Sea are driven by 
the terrigenous origin of sediments. Therefore, we normalized all pa-
rameters from all stations to Li (Fig. 2B) as a proxy for fine grained 
sediments to account for the natural grain size variability. 

Normalized Hg concentrations for all sediment samples show sig-
nificant positive correlations with typically scavenged metals Mn, Co, 
Cu, and Pb (p < 0.05, Supplementary Data Table 6). Increased concen-
trations of Co and Cu on slope sediments and into the Arctic Basin (Li 
et al., 2021) have been attributed to metals sourced from shallower 
regions that are advected towards the basin (Charette et al., 2020) and 
scavenged by particulate matter. Furthermore, previous studies have 
also noted increasing bulk Hg and trace element sediment concentra-
tions along the shelf slope towards the Arctic Basin (Aksentov et al., 
2021; Liem-Nguyen et al., 2022; Sattarova et al., 2022). Since this region 
has no local anthropogenic Hg sources, Hg inputs to sediments are most 
likely controlled by the scavenging rate of Hg to sinking particles (Hare 
et al., 2010). If we assume constant sedimentation rates, variations in 
Hg/Li (Fig. 2D) are due to an increase of Hg on sinking particles and/or 
an increase in the proportion of particles that can scavenge Hg (Hare 
et al., 2010). Our high Hg/Li ratios and increased Mn content in the 
Nansen Basin may reflect sinking particulate matter composition. 
Indeed, studies have shown both higher particulate Hg concentrations, 
and greater proportions of Mn oxides, in suspended particulate matter in 
the Arctic Basin compared to the Arctic shelves (Tesán et al., 2020; 
Xiang and Lam, 2020). Consequently, we propose that our spatial dis-
tributions of Hg in surface sediments reflect hydrodynamic transport of 
particles and scavenging mechanisms operating in the northern Barents 
Sea and Eurasian Basin. 

In summer, high primary production and particulate OM export 
plays a major role in scavenging Hg and other metals to deeper waters 
and sediments. However, Fe and Mn oxides could also scavenge Hg and 

S.G. Kohler et al.                                                                                                                                                                                                                                



MarinePollutionBulletin185(2022)114272

5

Fig. 3. Distributions of V, Cr, Mn*, Co, Ni, Cu, Zn, As, Ag, Cd, Pb, and LOI in the northern Barents Sea and Arctic Basin. Figure created using Ocean Data View. *Station P4 Mn concentration (13,826 μg/g) is plotted as 
the maximum range (7500 μg/g). 
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other particle reactive elements in the Arctic Ocean (Bam et al., 2020; 
Cui et al., 2021; Lamborg et al., 2016), especially when particulate OM 
fluxes decline during the Arctic's polar night. Depletion of 230Th, a 
particle reactive tracer, in waters of the Amundsen Basin has already 
suggested the presence of intense scavenging over the Barents Sea shelf 
(Valk et al., 2020). Additionally, recent research has observed that 
seasonal losses of Hg and Pb in the water column of the Barents Sea may 
be due to scavenging by Mn oxides (Kohler et al., 2022). High 

concentrations of dissolved Mn2+ in the water column of the Barents Sea 
(Kohler et al., 2022; Middag et al., 2011) are most likely released from 
benthic sources during winter overturning after high inputs of seasonal 
OM (Macdonald and Gobeil, 2012; Vieira et al., 2019). Winter mixing 
and storms resuspend Mn into winter sea ice which can drift into the 
basins (Rogalla et al., 2022). In addition, this turbulence generates a 
nepheloid layer rich in suspended sediment in shallow Barents Sea 
bottom waters (Gardner et al., 2022). These particles are advected and 
entrained within sinking dense water plumes into the Nansen Basin 
(Rudels et al., 2000), as evidenced by deep water measurements of 
dissolved Al, Fe, and Ba (Klunder et al., 2012; Middag et al., 2009; 
Roeske et al., 2012). Simultaneously, these hydrodynamic processes 
may deliver Hg and other metals towards the Eurasian Basin, where the 
oxidation of Mn during the polar night (Xiang et al., 2021) scavenges Hg 
and particle reactive metals to sediments. As a result, these processes 
may help explain our higher sedimentary concentrations of Hg, Co, Cu, 
and Pb in the Eurasian Basin. We hypothesize that the entire Arctic Basin 
contains some similarities to deep trench environments, where sediment 
focusing concentrates Hg and other metals sourced from shallower areas 
(Sanei et al., 2021). In addition, we speculate that similar transport 
processes and subsequent particle scavenging also influence Hg sedi-
ment distributions on the other Arctic shelves. 

PC2 (Fig. 5) explains about 19 % of the variance with significant 
positive loadings for Ag, Cd, and TOC % and negative loadings for Mn, 
Co, Cu, and Hg. This component is most likely related to depth or 
geographic region, as negative loadings for Mn, Co, Cu, and Hg reflect 
higher bulk concentrations in the basin compared to concentrations on 
the shelf. As a result, PC2 further supports a Mn scavenging transport 

Fig. 4. Average enrichment factors for Cr, Ni, Cu, Zn, As, Cd, Hg and Pb for all 
sampled stations. The expected natural ratio of 1.0 is marked with a dotted red 
line. Unfilled circles represent stations identified as numerical outliers using 
Tukey's method. Note the Y-axis is in a logarithmic scale. (For interpretation of 
the references to colour in this figure legend, the reader is referred to the web 
version of this article.) 

Fig. 5. Rotated factor loadings for two principal components (n = 24) for all measured parameters and Si*. P4 excluded for Mn outlier (Supplementary Data Fig. 2). 
*Si measurement details in Supplementary Data. 
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mechanism operating into the Eurasian Basin. The significant positive 
loading of Ag on PC2 could be explained by higher Ag concentrations in 
the northeastern Barents Sea due to terrestrial runoff from Ag-bearing 
ores and anthropogenic mining activity located on Novaya Zemyla 
(Korago et al., 2022). The positive loadings for TOC and Cd however, 
most likely reflect higher primary productivity and POC fluxes in the 
marginal ice zone, with possible Cd uptake as a micronutrient into 
sinking diatoms (Morel et al., 2020). Phytoplankton Cd uptake, sinking, 
and sediment burial is further supported by a positive correlation be-
tween TOC % and Cd (Supplementary Data Table 6). Due to high pri-
mary productivity and vertical POC export on the shelf, we expect 
sedimentary trace metal distributions to reflect phytoplankton uptake, 
adsorption and scavenging of Hg and other micronutrients. However, a 
Pearson correlation table for normalized shelf concentrations only, in-
dicates that TOC shows no significant positive correlations with any 
other elements except Cd (Supplementary Data Table 7). This lack of 
correlation suggests that Hg and trace elements may be delivered to 
sediments via adsorption to different types of particles other than POC or 
that active sedimentary diagenetic processes distort the expected OC- 
metal relationship. We did find that many elements (V, Cr, Co, Ni, Cu, 
Zn, As, Pb) show significant positive correlations to Fe (Supplementary 
Data Table 7). This finding is supported by the importance of Fe as an 
anaerobic carbon mineralization pathway in Barents Sea sediments 
(Vandieken et al., 2006). After oxygen, OC derived from marine sources 
(Faust et al., 2020) is remineralized in the sediment using Fe and Mn as 
terminal electron acceptors. Upwards diffusion and coprecipitation of 
authigenic Fe and Mn at the sediment-water interface adsorbs trace el-
ements. This active redox environment may also explain Hg’s significant 
positive correlation with Mn, V, and As on the Barents Sea shelf (Sup-
plementary Data Table 7). As mentioned previously, winter mixing may 
resuspend both reduced Fe and Mn into the water column, leading to 
increased scavenging on the shelf. 

In this study, we investigated the spatial distribution of Hg in surface 
sediments in the northern Barents Sea and Eurasian Basin. Bulk con-
centrations of Hg and trace elements in these areas are comparable to 
other areas of the Arctic Ocean. Calculated EF values for Hg and ele-
ments of concern indicate low anthropogenic influence and suggest a 
low toxicity risk according to the Norwegian Environment Agency. The 
distribution of Hg and trace elements are most likely driven by the 
transport of fine grain sediment, scavenging by both particulate OM and 
Fe/Mn oxides, and active sedimentary redox processes. Our observa-
tions establish a baseline of Hg and trace metals in the northern Barents 
Sea and Eurasian Basin that can be used for models, budgets, and 
ecological assessments in an era of rapid Arctic change. 
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