Electronic Supplementary Material (ESI) for Metallomics.
This journal is © The Royal Society of Chemistry 2015

Supporting Information for

Natural Hg isotopic composition of different Hg compounds in mammal tissues as a

proxy for In vivo breakdown of toxic methylmercury

Vincent Perrot®, Jeremy Masbou®, Mikhail V. Pastukhov¢, Viadimir N. Epov®, David Point®, Sylvain

Bérail®, Paul R. Becker?, Jeroen E. Sonke®, and David Amouroux®

Tables: 4

Figures: 2

Description of the Samples, Sampling and Storing Procedures. Beluga whales (Delphinapterus
leucas) occur throughout northern and western Alaska and are an important subsistence resource for
Alaska native people. Beluga liver samples come from the Alaska Marine Mammal Tissue Archival
Project (AMMTAP), led by the National Biomonitoring Specimen Bank (NBSB) at the National
Institute of Standards and Technology (NIST, Charleston, SC, USA). This project began in 1987
and consists in sampling and archiving mammal tissues collected from stranding or Inuit
subsistence hunting in the Alaskan Arctic. For this study, we disposed of 11 beluga livers from the
Eastern Chukchi Sea stock sampled at Point Lay, North Alaska (Figure S1a). All the belugas have
been harvested during the feeding season from June 30th through July 11th of 1990, 1996 and
1999.A very strict sampling protocol followed by cryogenic homogenization has been undertaken to
minimize contaminations!. Once received, samples were stored in -80°C freezer until their analysis.
Age of beluga individuals has been estimated counting growth rings in a thin longitudinal section
taken from the middle of the mandibular tooth. The following samples were analysed: MM 15L
055C, MM 11L 420, MM 04L 146 , MM 11L 444, MM 04L 125, MM 11L 455, MM 04L 134, MM

15L 070C, MM 11L 440, MM 04L 137, MM 15L 058C. For better readability of the text and



figures/tables, the sample codes for Beluga whale samples were abbreviated as B-xxx, with “B”
replacing the official code “MM XXL*” as recommended by NIST.

Seal tissues (Phoca sibirica) were collected from seals sampled in the southern and central basins of
Lake Baikal in 2008-2010 (Figure S1b). Four seals of the age 1-1.5 months (P-8, P-10, P-12 and P-
14) and one adult female (P-17) were obtained from hunters during the official spring hunting
season. Young males (P-15 and P-16) were inadvertently caught in fishing nets during the autumn-
winter period. Sampling of the seal tissues have been done in the field, followed by freezing at -
18°C and transportation (frozen) to the laboratory of the Institute of Geochemistry SB RAS. In the
clean laboratory, samples were weighed on the analytical balances and placed into the 1L flask
(cleaned by 10% HNOs;, 10% HCI and MilliQ water) at -40°C. Frozen samples were freeze-dried at
-80°C during 48h. Freeze-dried samples were weighed to estimate the loss of the moisture. Final

samples were placed into double zip-lock bags and kept in a refrigerating chamber.

Quantification of Hg Species by Isotope Dilution GC-ICPMS. Hg species quantification by
isotope dilution was found in good agreement with total Hg concentration measured with DMA-80
analyser (Milestone, USA) for all samples and for certified biological reference materials (tuna fish
muscle ERM-CE464, dogfish liver DOLT-4 and pigmy sperm whale liver NIST QCO03LH3). An
enriched isotope pattern deconvolution method?> was used to investigate species interconversion
artefacts during the analytical procedures. Typical detection limits (DL) for this method are 0.7%
for the demethylation and 0.3% for the methylation3. In general the transformation artefacts were
low and occurred unpredictably in some hair and kidney samples. The use of the isotope dilution
technique associated with GC-ICPMS thus represents a valuable tool for the accurate measurement

of Hg species in complex biological tissues, confirming earlier results*.



Stable Isotope Ratios Measurements.
A delta notation (%o) relative to the reference standard NIST SRM 3133 is used to express the Hg

isotopic composition® of a sample (equations (1) to (5)).
6**Hg = [(**Hg / "*Hg)sample/ (“*Hg / " Hg)nisT3133 - 1] x 1000 (1)

where xxx is 204, 202, 201, 200 or 199 are the different Hg isotopes measured and
(**Hg/"”®Hg)nisT3133 is the average of the two bracketing standards. The mass independent

fractionation (MIF) is expressed as follows:

A%Hg = §!°Hg — 0.252 x3?2Hg  (2)
A20Hg = 320Hg — 0.502 x322Hg  (3)
AN Hg = §0'Hg — 0.752 x3?2Hg  (4)

AHg = 520Hg — 1.493 x322Hg  (5)

In both laboratories, extraction yields have been checked using CVG-MC-ICP-MS 2Hg isotope
signals (Volts), and sample-standard NIST 3133 were matched to within 15%. External
reproducibility has been evaluated by the repeated analysis of reference materials such as whale
liver (QCO3LHO03), dogfish liver (NRC CNRC DOLT-4), tuna fish muscle (ERM-CE464), and UM-

Almadén during each session of analysis (Table S3).

Sample preparation for total Hg isotopic composition measurements at IPREM-LCABIE (Pau,
France). Seal tissue samples were mixed with 5 mL of HNO; and 1.25 mL of HCI and left
overnight. Then, 5 mL of deionized water was added and this mixture was heated in a digiPREP
system (SCP Science, France) at 80°C during 4 hrs (90 min of ramp and 2.5 hrs of heating time).
For total conversion of all the Hg to iHg ImL of freshly prepared BrCl was added. To remove an
excess of BrCl from the solution, 0.5mL of 30% hydroxylamine was added before analysis. The
final solution was diluted 5 times. A home-made Cold Vapor Generator (CVG) was used as sample

introduction system in MC-ICPMS, in which a sample is mixed with a SnCl, solution (SnCl, 3%



w/v, HCI 10% v/v). A 10 ug.L-'Tl solution is introduced in a dry aerosol form with a DSN100
desolvating nebulizer (Nu Instruments, Wrexham, UK) and is mixed with the sample Hg vapour in
a double entry plasma torch. Hg concentrations of the analysed solutions vary from 0.5 to 2 pg.L-!.
Blanks solutions were measured before each standard and sample and signals were subtracted using
“on peak zero” signals.

Sample preparation for total Hg isotopic composition measurements at GET (Toulouse, France).
For the digestion of beluga whale samples, 5 mL of bi-distilled nitric acid (15N) was added to 0.2g
of fresh frozen sample in a 50mL pyrex vessel, and closed by a Teflon cap. Complete Hg extraction
was performed with a CEM Discover microwave (180°C, 225 PSI, 10 min). Tests was carried out
with or without BrCl reagent addition (0.1 ml, Method EPA 1631) and no significant differences
has been observed in terms of final HgT recoveries (>90%). The mixtures were finally diluted in an
inverse aqua regia (3 HNO; : 1 HCI, 20 vol.% MilliQ water) for analysis. Final solutions contained
2.5 or 5 ppb of total Hg concentration and were introduced in a ThermoFinnigan Neptune MC-ICP-

MS by using a Cold Vapor Generation system (HGX200, Cetac).

Sample preparation and analytical techniques for Hg species-specific stable isotope composition
analysis (Hg-CSIC) at IPREM-LCABIE (Pau, France). About 200 mg of dried sample was digested
in 5 mL of 25% Tetra Methyl Ammonium Hydroxide under soft microwave-assisted extraction
(CEM discover, 75°C, 4 min). Between 1 to 5 mL of the extract was derivatized in 5 mL acetate
buffer (pH=3.9) with about 0.5-1mL of sodium-tetrapropylborate (NaBPr, 1%) into 1 mL of
organic phase (hexane) after 5 minutes of hand shaking. A preconcentration step under a gentle Ar
flux has been applied for low concentration samples in order to reach a final concentration of 20 to
200 pg.L-' of both Hg species in the organic phase. 3uL of samples was injected into a gas
chromatograph (Thermo Focus, see parameters below). In order to measure Hg species-specific
isotopic ratios, the gas chromatograph was hyphenated to the MC-ICP-MS under wet plasma

conditions®. Here a 200 ug.L'TI solution is introduced as an internal standard via a 200 pL.min"!



micro-concentric nebulizer combined to a cinnabar spray chamber. A double entry plasma torch
was used to mix TI aerosol and GC flow. Isotopic ratios of both iHg and MeHg were measured with
a species-specific sample-standard bracketing sequence. The Time Resolved Analysis mode (TRA)
was used to acquire the transient signals. The data treatment strategy used to calculate Hg isotopic

ratios is the Linear Regression Slope (LRS) method described by Epov et al.”.

Precision and Accuracy of Hg Stable Isotope Ratios Measurements.

Measurements of total Hg isotopic composition by CVG-MC-ICPMS of external standards (UM
Almadén, ERM-CE464, DOLT-4, QCO03LH3) were processed within all the analytical sessions.
Delta values obtained for ERM-CE464 and Um-Almadén were in good agreement with published
values®!%within the analytical uncertainties. We used UM-Almaden (n = 21) and whale liver
QCO3LH3 (n = 27) long-term reproducibility to express the uncertainty (2SD) on the seals and
belugas measurements, respectively, because they had higher number of measurements than ERM-
CE464(n =7) and DOLT-4 (n =4) (Table S3).

For Hg CSIC measured by GC-MC-ICPMS, the considerably higher amount of sample derivatized
(~5mL) compared to Hg speciation measurements by GC-ICPMS (0.02 to 0.5mL), induced a lower
derivatization yield of the Hg species. This was observed comparing transient signal intensities
between samples and NIST 3133, even with higher amounts of NaBPry (1 mL) added to ensure
efficient derivatization. Although one study suggested the possible occurrence of isotope
fractionation artefact during the ethylation step!!, this artefact was not found to induce a significant
bias within the precision of the measurements performed by GC-MC-ICP-MS. To investigate the
hypothesis of isotopic fractionation artefacts during the sample preparation, we compared the
isotopic signatures obtained by GC-MC-ICPMS and CVG-MC-ICPMS in all samples and
standards. Hence, Hg total isotopic composition, Hg CSIC and Hg species fractions must be related

by the following equation:



0*Hgoa1 = 8**Hgin, * f(1HE) + 6**Hgnmng * FIMMHg) (6)

where f is the fraction of the Hg species considered (f(iHg) + f{(MMHg) =1); 6**Hg is the total Hg
isotope composition measured by CVG-MC-ICPMS; 6**Hg;y, and 8*Hgwwn, are the species

specific stable isotope composition of iHg and MMHg measured by GC-MC-ICPMS, respectively.

Hair Hg-CSIC. This unique sample have not been included in the manuscript Hg CSIC MIF
discussion because it is not an internal tissue and may thus be exposed to external transformations
in the water column(Hg adsorption, Hg absorption, Hg photoreduction). Furthermore, it is also
likely that hair do no integrate the same period of Hg exposure as do internal organs'?. While MIF
of both iHg and MMHg species was not significantly different from the MIF of the total Hg in the
different internal tissues of seals (i.e. liver, kidney, muscle, pancreas, diaphragm, thick intestine),
we measured strong differences among Hg species anomalies (A?'Hg or A®°Hg) in the hair, with
higher values for MMHg than for iHg (A'”Hg = 5.94+0.14%0 and 1.05+0.21%o (2SD on analysis
triplicates), respectively). This suggests that seal hair may reflect some photochemical process
occurring on the hair during the mammal lifespan, strongly indicated by the residual MMHg
enriched in odd isotopes relative to iHg following photodemethylation patterns®. Alternatively, it
could also be the result of external supply of different Hg species from the water column adsorbed
onto the hair. However, the photodemethylation explanation is privileged because of the MIF of
total Hg similarity between the hair and the other organs such as liver and muscle, suggesting no
external Hg source. The hair ratio A'”Hg:A?°'Hg of total Hg, MMHg and iHg is 1.21, 1.20 and
1.24, respectively, indicating that both Hg species originate predominantly from MMHg
photodemethylation. We thus hypothesized that the different Hg species anomalies observed in the
haircome directly from MMHg photodemethylation, at the hair surface, of MMHg previously

accumulated in the hair via trophic transfer. This is the best assumption to explain why Hg total



MIF is the same than in the other organs (and hence this MIF can be used to track Hg source as
previously suggested!?), and why MMHg anomaly (A?°'Hg) is significantly higher(about 4%o) than
iHg anomaly. Additional studies with larger number of samples are clearly needed to improve and

corroborate such hypothesis.
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Table S1. Total Hg concentration and Hg species concentration (ppb, dw) for beluga, seal and
certified reference material samples, measured by DMAS8(O and ID-GC-ICPMS, respectively.
Recovery of Hg species by ID-GC-ICPMS (%) is compared to total Hg concentration measured by
DMASO. Total Hg and Hg speciation was in agreement with certified values for both BCR-
CRM464 and NRC-CNRC DOLT-4.

DA 80 ID-GC-ICPMS
[Hgltot [MMHg] SD [Ha(ll}]] SD |recovery (%)
F17-Li 19062 1056 102 17050 1107 95
P 17-Mu 752 760 B9 114 4 116
P 17-Ki 7980 634 1 eT 137 105
F17-Tl a5 2490 9 252 12 101
F 17-Ha 2538 221 123 A31 78 108
F 17-Pa 702 296 12 337 15 104
F 17-0i 1748 842 87 330 l 67
F 14-Li 791 357 494 108
F 16-Li BA63 1021 39 4445 224 85
P 16-Ki 2787 609 5 1883 6 29
B-134 4246 851 249 3395 133 100
Ba25 29122 2575 109 28585 Q47 107
B-146 28331 979 38 24043 1999 88
Ba3E 11560 213 58 8498 927 21
B-420 F0000 564 26 47228 819 549
B-444 520972 1849 297 27609 8205 56
B-440 5919 1268 47 4761 119 87
B55 1108932 1011 55 74842 T840 63
B-055C 108111 2384 152 97128 8986 93
B-070C 11677 765 21 10180 202 94
B-058C Y S a73 26 Qo8 1% 113
CEM B | 5240 (certified) 4991 158 177 34 99
DOLT 4 2080 (certified) 1229 82 1201 46 g

Table S2. Total Hg isotopic composition measurements on different external standards with
different matrix used for the long term reproducibility (2SD) on the total Hg isotope composition
analysis of the biological samples.

5"Hg ,ogp 8°'HE Lpgp 8HO Lpgp 8HY Logp AHO Loqp AMHE L ogp A™Hg
(%oo) (%o0) (%os) (%os) (%oo) (Yoo) (%oo)
059 017 047 012 029 011 047 010 002 009 002 005 002 008
CRM 464 082 025 260 014 049 017 261 002 195 009 007 001 240 006
DOLT 4 035 020 071 005 014 005 103 007 09 019 002 003 112 011
Whale liver 27 079 011 035 013 033 005 097 011 095 012 006 004 117 011

sample n +25D

UM-Almaden 2

M




Table S3. Total Hg isotopic ratio, total and Hg species concentration (ng.g"!, dw) in seal liver and
muscle samples that have not been measured for Hg species-specific isotope ratio. Error on delta
values are given by the long term reproducibility (2SD) of UM-Almadén (n=21, see table S3).
Total Hg concentration is the sum of iHg and MMHg concentration for each sample.

[Hg(D)]  [MMHg] [Hg]total

e mean 2SD mean 2SD mean & ‘Hg 5 Hg 8" Hg 8 Hg 3 ”Hg A"“Hg A""Hg A"Hg A"’Hg
Lives P-8Li 529 188 717 094 071 443 045 524 -012 389 009 506
P-10Li 271 219 489 187 132 505 075 547 -010 406 009 514

P-12Li 163 133 296 1.31 0.94 4.41 0.55 4.94 -0.10 3.70 0.08 4.70

P-15Li 7907 304 1091 94 8999 079 -046 243 -0.18 340 -0.09 278 006 3.52

Musdes P-8Mu 40 5 164 7 204 303 216 575 120 578 -020 413 011 324
P-10Mu 25 2 113 1 139 247 175 521 096 542 -014 389 008 498
P-12Mu 33 11 164 1 197 264 187 520 105 530 -0.15 379 011 483
P-14Mu 26 1 133 16 159 250 173 521 095 536 -008 391 008 4.93
P-15Mu 205 24 896 98 1101 217 160 390 090 381 -022 269 010 3.41

P-16 Mu 135 14 648 61 783 205 144 465 079 489 -0.11 3.56 0.07 4.53




Table S4. Summary of the Hg species (iHg and MMHg) and total Hg concentration in the different
organs and tissues of the aquatic mammals, associated with their isotopic composition.
Measurements of international standard reference material of fish tissues certified for MMHg and
total Hg concentration are also included. *Here are reported official sample codes for Beluga whale
samples from NIST, but for better readability in the main manuscript and figures, sample codes for
Beluga whale samples were abbreviated as B-xxx, with “B” being officially “MMXXL” as
recommended by NIST.

Sampling site age §'°N tissue sample Hg, dw (ng/g) SD fMMHg SO fHg sD §*’Hg 2SD §™'Hg 2SD §™"Hg 2SD 5'Hg 2SD A™'Hg 25D A™'Hg 25D A'’Hg 2SD
East. Chukchi Stock 13177 liver MMO4L  [HgJot 046 162 AL37 041 <107 0.3 065 0.06  -031 041 003 0.12 004 0.04 004 011
North Alaska -134 [MMHg] 851 29 020 0.01 080003 03 035 001 244 015 117 018 070 002 218 013 099  -0.19 062
Beluga whales [iHg] 3395 133 185 031 -131 02 -086 0.8 121 036 008 0.5 007 0.2 168 039
Delphinapterus 30 180 liver MMO4L  [Hglor 31160 1055 SL31 001 LIl 03 065 006 -038 0.1 -0.13 0.2 001 004  -005 0.11
leucas -125 [MMHg] 2575 109 0.08 0.00 092003 91 047 064 085 076 259  -087 001 004 098 030 268  -0.64 0.06
[iHg] 28585 947 2169 040 4160 0.02 089 034  -061 0.02  -032 032 004 0.14  -0.18 0.08

55 178 liver MMOA4L  [HgJiot 24972 2037 -0.97 0.11 -0.96 0.13 -0.51 0.06 -0.36 0.1 -0.23 0.12 -0.02 0.04 -0.11 0.11

-146 [MMHg] 929 38 0.04 0.00 096008 555 149 118 214 099 184 126 036 074 170 029 171 062 0.60

lngJ 24043 1999 -1.60 0.21 -1.31 0.17 -0.84 0.18 -0.32 036 -0.11 0.06 -0.04 0.22 0.09 031

13174 liver MMO4L  [Hglor 9311 985 SL4L 001 121 03 070 006 -045 0.1 -0.15 002 001 004  -010 0.11

-137 [MMHg] 813 58 0.9 0.01 091010 537 029 030 121 000 062 -018 076  -058 134  -0.18 069  -027 0.69

[iHg] 8498 927 2194 031 -169 020  -1.00 0.08  -051 025 024 0.04  -0.03 0.0  -0.02 0.7

35 18.1  liver MMIIL  [Hglot 80164 7121 -1.07 0.11 -1.03 0.13 -0.56 0.06 -041 0.11 -0.23 0.12 -0.02 0.04 -0.14 0.1

-420 [MMHg] 978 181 0.01 0.00 0.99 0.09 -0.37 134 -0.06 0.56 -0.90 2.09 -0.84 0.94 021 045 -0.71 1.42 -0.75 0.60

[ng] 79187 6940 -0.93 037 -0.96 034 -0.42 0.20 -0.36 0.31 -0.26 0.11 0.04 0.03 -0.13 0.23

34 176 liver MMIIL  [Hglot 53666 745 2092 011 085 0.3 -045 0.06  -028 0.1 016 0.12 001 0.04 005 0.11

444 [MMHg] 1538 102 0.03 0.00 097 0.01 150 034 151 0.85 109 104 054 147 038 110 034 121 016 038

[iHg] 52128 643 SL03 023 086 027 053 027 -032 003 009 027  -0.02 0.17  -0.06 0.06

12177 liver MMIIL  [Hglot 6029 166 LIS 001 094 0.3 061 006  -022 041 005 012 001 004 008 0.11

440 [MMHg] 1268 47 021 001 079002 489 004 052 015 027 037 043 066 005 0.2 017 035 021 0.67

[iHg] 4761 119 146 021 -113 003 -080 021 018 008 003 0.3 -0.07 0.11 0.8 003

4179 liver MMIIL  [Hglot 92341 2247 080 0.1 078 0.3 039 006  -024 0.1  -017 0.2 002 0.04  -004 0.11

455 [MMHg] 1279 227 001 0.00 0.99 0.02 o L o L 5 . o

[iHg] 91062 2020 049 012 050 002  -022 0.16 013 017 014 0.1l 002 022 -001 020

- 177 liver MMISL  [Hglor 100512 9138 099 0.1 097 0.3 049 006  -042 0.1 023 0.2 000 0.04  -0.18 0.11

055C  [MMHg] B384 152 0.03 0.00 097009 143 005 080 040 179 219 072 081 028 044 107 217 036 079

[iHg] 97128 3986 072 041 085 028 042 032 -053 023 031 0.8 006 014  -034 0.13

- 180 liver MMISL  [Hglor 10945 283 206 011 086 0.3 061 0.06  -031 011 006 0.12  -0.07 0.04  -0.04 0.11

070C [MMHg] 765 81 0,07 0.01 093 0.02 130 - 142 - 007 - 018 - 04 - 05 - 015 -

[iHg] 10180 202 2126 007 -098 026 065 025  -018 032  -003 021 001 022 014 030

- 182 liver MMISL  [Hglot 1481 41 039 0.1 007 003 022 006 024 0.1 022 002 002 0.04 034 0.11

058C  [MMHg] 573 26 039 002 061 0.01 156 046 145 053 069 022 085 076 028 049  -0.09 030 046 0.65

[iHg] 908 15 086 043 038 070 -040 037 044 039 027 043 003 017 065 028

Lake Baikal 9 137 liver P-17Li [Hg]Jtot 18106 1209 -0.65 0.17 203 0.12 -0.23 0.11 3.05 0.10 2.52 0.09 0.09 0.06 321 0.08
Russia [MMHg] 1056 102 0.06 0.01 094006 356 028 552 189 187 213 484 038 285 043 008 058 394 039
Seals [iHg] 17050 1107 -0.94 022 206 0.10 -0.30 0.04 3.19 0.09 277 0.07 0.17 0.07 343 0.03
Phoca Sibirica 2 144 liver P-16Li  [Hglor 5465 263 2043 017 333 002 016 011 455 010 366 0.09 005 0.06 466 0.08
[MMHg] 1021 39 0.19 0.01 081 0.04 205 094 524 090 103 064 530 023 370 020 000 0.17 479 001

[iHg] 4445 224 088 038 313 027 -042 035 471 010 379 001 003 0.16 494 0.00

0.1 157 liver P-14Li  [Hglot 852 110 017 469 0.2 063 0.1 518 010 386 0.09 008 006 491 008

[MMHg] 357 042 0.00 0.58 0.00 2.68 0.07 5.50 0.77 134 0.19 546 055 348 071 0.00 0.22 4.78 0.53

[iHg] 494 2021 013 384 008 .06 0.07 522 003 400 002  -0.05 013 528 001

9 137 kidney  P-17Ki  [Hglo 8400 139 064 0.7 240 0.2 023 011 348 0.10 288 009 009 0.06 364 0.08

[MMHg] 634 1 0.08 0.00 092002 519 064 491 059 112 047 506 002 327 0.1 002 015 451 0.14

[iHg] 7767 137 S0 006 232 009 047 024 367 0.4 308 004 004 021 392 0.13

1 144 kidney  P-16Ki  [Hglot 249 84 049 017 316 0.2 017 011 435 010 353 009 007 006 447 0.08

[MMHg] 609 8 024 0.00 076 0.03 1.79 047 447 0.46 0.85 035 472 038 312 0.1 -0.05 0.1 4.27 0.26

[iHg] 1883 76 S22 019 285 044 061 013 428 035 377 030 000 022 459 039

9 136 muscle  P-I7Mu  [Hglo 874 73 235 0.7 490 012 126 011 461 0.0 313 009 008 006 402 0.08

[MMHg] 760 69 0.87 0.08 0.13 0.00 256 0.54 512 035 127 053 480 0.00 319 005 -0.02 0.26 415 013

[iHg] 14 4 043 061 352 100 001 097 447 003 384 0.64 023 0.67 458 0.8

9 121 pancreas P-17Pa [Hglor 733 26 122 017 378 0.2 071 0.1 407 010 286 0.09 009 006 376 0.08

[MMHg] 396 12 054 0.02 046 0.02 254 0.11 486 030 131 006 443 057 295 038 003 002 379 0.0

[iHg] 37 15 2066 033 242 006 028 028 371 019 291 0.09 005 0.1 387 027

9 137 thick P-17TI [HgJtot 542 21 1.01 0.17 3.55 0.12 0.59 0.11 3.81 0.10 2.79 0.09 0.08 0.06 3.56 0.08

intestine [MMHg] 200 9 053 0.02 047002 531 048 488 005 122 016 442 039 314 009 006 006 384 034

[iHg] 252 12 -0.74 1.00 246 138 -0.36 0.57 340 038 3.02 0.63 0.01 0.07 359 0.13

9 137 diaphragm P-17Di  [Hglot un2 9 168 0.7 418 0.2 091 011 413 010 291 0.09 006 006 371 0.08

[MMHg] 842 87 072 007 028000 560 045 496 002 129 021 442 048 300 009 001 014 377 0.14

[iHg] 330 4 083 017 213 019 -046 0.50 355 023 275 006  -0.04 041 376 028

9 140  hair P-17Ha [Hg]Jtot 2743 202 239 017 6.03 0.12 1.26 0.1 573 0.10 423 0.09 0.06 0.06 513 0.08

[MMHg] 12 123 081004 0.19 0.03 245 063 681 054 124 041 656 002 497 007 00l 010 594 0.14

[iHg] 531 78 -0.35 0.17 0.58 0.17 -025 0.17 0.96_0.16 0.85 030 -0.07_0.08 1.05 021

Intemational liver DOLT4  [Hglot 2685 85 2020 017 060 0.1 007 0.11 084 010 076 009 003 006 090 0.08
standards dogfish  [MMHg] 1253 44 047 0.02 0.53 0.02 0.18 0.38 1.02 0.22 0.08 0.18 091 0.12 0.88 0.07  -001 037 0.86 0.02
[iHg] 1432 41 089 082 002 070  -0.54 0.50 072 032 065 0.09 009 0.09 095 0.1

muscle  CRM 464  [Hglot 5321 228 083 0.7 222 012 048 011 217 010 160 009 006 006 196 0.08

tuna fish [MMHg] 5102 214 0.96 0.04 0.04 0.00 113 o011 258 008 071 012 249 025 173 017 015 017 221 028

[iHg] 219 15 2127 050 077 0.4 -0.55 038 166 021 172 024 0.09 0.3 198 0.09
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Figure S1. Localisation of the sampling sites for (a) belugas whales from Chukchi Sea and (b) seals
from Lake Baikal (P-8, P-14, P-15, P-17 (sampling site 1) and P-10, P-12, P-16 (sampling site 2)).
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Figure S2. A""Hg versus A?°'Hg for total Hg in seal tissues (open symbols) and beluga livers
(black circles). The grey dashed line represents the ratio A!Hg:A’°'Hg expected from
photodemethylation of MMHg, and the black dashed line represents the ratio A'”Hg:A?°"Hg
expected from photoreduction of inorganic iHg’. All seal tissues are located on the “MMHg
photodemethylation slope” (linear regression (n= 19, slope=1.23, R*=0.99, p<0.0001), grey solid
line). For beluga liver, the low MIF and associated uncertainties for each sample do not allow to
conclude with confidence if samples lie either on the “iHg photoreduction slope” or the “MMHg
photodemethylation slope”.



