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Table S1. Partition coefficients used in the modeling (Choe et al., 2003; Choe and Gill,
2003; Lamborg et al., 2016).

Partition coefficient for 0 . 106
Kpugroc | pait ana POC lke Lo
Partition coefficient for 1 105
Kp mmttig-poc | \iavprie and POC lke 510
Kp ne-poc = | Partition coefficient for L kel 210
Hgll and DOC &
Kp mmrg-poc Partition coefficient for | ke'! 5.10°
MMHg and DOC &

Table S2. Equations S1-S9, used in the model for the calculation of rate for Hg
transformations (Zhang et al., 2020, Zhang et al., 2014).

Parameter Units Formula Ref
Kmer Hg" methylation rate constant d! Kmet = Xmet - TemPOC Eq. SI 1
MMHg methylation rate )
comsret d kmetz = Xmetz Eq.s2 | 1
MMHg photo-demethylation rate
Kpham const ;; f v d! kypham = Xphdm - hv Eq. S3 1
DMHg photo-demethylation rate -
Kpham: constfn}t? o4 d! Kphama = Xphdmz + 3 - 107* - hv Eq.S4 | 1
MMHg dark demethylation rate | . 1
: —95.10- 5500 (Lot Eq. S5 I
Kaem constant d kaem = 9.5+ 107" + exp(=5500 - (7 593 15)) q
kphox Hg" photoxidation rate constant d! kphox = Xphox * hv Eq. S6 2
Hg" photoreduction rate
kpnr co‘g,;‘;m d! kpnr = Xpny * hv Eq. S7 2
01+ .- . .
Kbiox gi SZZ?C oxidation rate d! Kpiox = 0.138 - remPOC Eq.58 | 2
Hg" biotic reduction rate
Kbiored co‘g,;ls rant d! kyreq = 0.086 - remPOC Eq. S9 2
3
Xt Coefficient for Hg methylation mrrrrllol“ 0.038 1
Xy Coeﬁicze'nt for MMHg 4! 0.0008 ;
methylation
x Coefficient for MMHg photo- m? W-! 0.007 ;
phdm demethylation d! '
Coefficient for DMHg photo- m? W'
x . 0.02 1
pham2 | Jemethylation d!
3
Xphox Coefficient for biotic oxidation mrrzol" 0.56 2
3
Xphr Coefficient for biotic reduction mrrnnol'l 0.14 2
. o 1
remPOC | POC remineralization 221;1 BFM model output
hv Shortwave radiation flux W m™ BFM model output
1. Zhang et al, 2020 2. Zhang et al., 2014




Table S3. Phytoplankton functional types (pfts) of the BFM model with estimated cell-size
parameters (radius, surface area, volume, and Rgy ).

Pft | Functional group Radius (um) Surface Volume Rgy
P1 | Diatoms 55 38,013.24 696,909.38 0.05
P2 | Aut. nanoflagellates 5.5 380.13 696.91 0.55
P3 | Picoplankton 0.55 3.80 0.70 5.45
P4 ;];Z;igoepzank on 150 282,743.10 | 14,137,155.00 0.02

Table S4. Conversion factors used to convert carbon variables of plankton pfts to Wet
Weight, derived from published experimental data (Jargensen et al., 1979).

Carbon as % of Dry Weight /Wet Carbon/Wet Applied to pft
Dry Weight Weight Ratio Weight ratio

Diatoms 37.5 0.31 8.6002 P1
Cyanobacteria 46.69 0.563 3.0842 P3
Chlorophyceae 42.5 0.4705 5.0009 P2
Dinoflagellata NA * 0.341 7.8201 P4
Carnivorous 44 116 19.6 73-76
mesozooplankton

* used diatoms conversion
factor

Table S5. Summary of information used to set initial conditions for Hg species in the

Mediterranean Sea (Horvat et al. 2003; Cossa and Coquery 2005; Kotnik et al. 2007,
2015; Cossa et al. 2017).

ALB SWM

Hgr average profile | August 2003 1 | Hgr average profile August 2003

from figure from figure March/April 2004
MeHg average profile | August 2003 1 | MeHg | average profile August 2003

from figure from figure March/April 2004
DMHg | from estimated - 2 from estimated -

DMHg:DGM DMHg | DMHg:DGM

ratio in NWM ratio in NWM
DGM average profile | August 2003 I | DGM average profile August 2003

from figure from figure March/April 2004
Hg’ by difference - - | Hg’ by difference -

(DGM-DMHg) (DGM-MHg)
Hg" by difference | - - | Hg" by difference -

(HgT-MMHg- (HgT-MMHg-

DMHg-Hg0) DMHg-Hg0)

NWM CWM




Hgr average profile | August 2000 2 | Hgr st. 19 profile from | Jul/Aug 2000
from figure March/April 2004 table
MeHg average profile | May 2006 3 | MeHg | st. 19 profile from | Jul/Aug 2000
from figure table
DMHg average profile | August 2000 2 | DMHg | st. 19 profile from | Jul/Aug 2000
rom figure March/April 2004 table
Jrom fig p
DGM average profile | August 2000 1 | DGM st.19 profile from | Jul/Aug 2000
from figure figure
Hg’ by difference - - | Hg® by difference -
(DGM-DMHg) (DGM-DMHg)
Hg!" by difference - - | Hg" by difference -
(HgT-MMHg- (HgT-MMHg-
DMHg-Hg0) DMHg-Hg0)
TYR SIC
Hgr average profile | August 2000 1, | Hgr average profile March/April 2004
from figure March/April 2004 2 from figure
MeHg average profile | August 2003 1 | MeHg | average profile March/April 2004
from figure March/April 2004 from figure
DMHg | estimated based - | DMHg | estimated based
on DMHg:DGM on DMHg:DGM
ratio in NWM ratio in NWM
DGM average profile | August 2003 1 | DGM average profile March/April 2004
from figure March/April 2004 from figure
Hg’ by difference - - Hg’ by difference -
(DGM-DMHg) (DGM-DMHg)
Hg" by difference - - | Hg" by difference -
(HgT-MMHg- (HgT-MMHg-
DMHg-Hg0) DMHg-Hg0)
ION LEV
Hgr average profile | August 2003 1 | Hgr from ION profile | August 2003
from figure
MeHg average profile | August 2003 1 | MeHg | average profile August 2003
from figure from figure
DMHg estimated based | - - DMHg | estimated based -
on DMHg:DGM on DMHg:DGM
ration in NWM ratios in NWM
DGM average profile | August 2003 I | DGM average profile August 2003
from figure from figure
Hg’ - - Hgr - -
Hg" - - MeHg | - -
NAD SAD
HgT average profile | October/November 6 | DGM average profile October/November
from stations in | 2004 from stations in 2004
Table S1 and S2 | June 2005 Table S1 and S2 June 2005




MMHg | average October/November Hg0 average profile October/November
profile from 2004 from stations in | 2004
Table SI and | June 2005 Table S1 and S2 | June 2005
S2
DMHg | average October/November Hg" average profile | October/November
profile from 2004 from Table S1 2004
Table S1 and June 2005 and S2 June 2005
S2
DGM average October/November DGM | average profile October/November
profile from 2004 from Table S1 2004
June 2005 and S2 June 2005

Table SI and
S2

1. Kotnik et al 2007, 2. Cossa e& Coquery 2005, 3. Cossa et al 2017, 4. Horvat et al 2003;

5. Ferrara e al 2003; 6. Kotnik et al 2015




Equation S10. Parameterization for Hg methylation tested in model sensitivity analysis as
alternative to equation S1.

Kimet = Xmet - (remPOC + remDOC) Eq. S10

Text S1. Results of the sensitivity analyses

The sensitiviy analysis highlighted that the sinking velocity of organic detritus (POC) has a strong
impact of on the vertical profiles of MeHg (MMHg+DMHg), by controlling the vertical distribution
of POC concentrations and, consequently, of POC remineralization rates. The POC sinking velocity
also affect the sinking velocity of particulate Hg species (Hg'p and MeHgp), however the small
differences among vertical profiles of Hg" indicate this process has a limited impact, likely due to the
small fraction represented by particulate Hg species (<1%-2%) in the open sea, where particle
concentrations are low (~0.02 mg/1). The hypothesis of POC sinking velocity influencing the vertical
distribution of Hg species was thus confirmed, with a stronger effect on MMHg than on inorgainc Hg

(Figure S1).

The hypotesys of an increase in modeled MeHg concentrations at higher sinking velocity, driven
by a deepening of the net Hg methylation limiting the photochemical degradation of MeHg was
instead disproven, as modeled maxima of MeHg concentrations are ~0.15 pM for all the three
sensitivity simulations (Figure S1), which is far from the observed MeHg maxima (>0.4 pM) from
various cruises in the Mediterranean Sea (Cossa et al., 2009). These, as well as other (e.g. Cossa et
al., 2018; Heimbiirger et al., 2010), field observations show that the peaks of MeHg profiles were
located between ~250 and ~500 m-depth at most of Mediterranean deep stations, which is best
reproduced in simulation vs/0 (Figures S1 and 5), adopting the same sinking speed (10 m/d) used in
the global coupled biogeochemical Hg model (Ward et al., 2012; Zhang et al., 2020).

The inclusion of the DOC remineralization in the equation for Hg methylation, led to a MeHg
increase only in surface waters (Figure S2), while a threefold increase in the Hg methylation
constant x,,.; causes MeHg concentrations increase at the depths where maxima MeHg
concentrations have been observed (Cossa et al., 2009). The results analyses in the manuscript

focus on simulation with vs=10 m/d and increased x,¢;-



Figure S1. Sensitivity to POC sinking velocity (vs) of modeled profiles of Hgll
concentrations, MeHg concentrations, and POC remineralization flux and concentrations.
The output shown are mediated for August 2017 for the subbasins SAD (upper panels),
NWM (central panels), and LEV (bottom panels). Blue lines indicate the output of
simulation vs3 (POC sink = 3 m/d), green lines indicate the output of simulation vs10 (POC
sink = 10 m/d), and yellow lines indicate the output of simulation vs20 (POC sink = 20
m/d).
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Figure S2. Sensitivity of modeled MeHg concentrations to different parameterization of Hg
methylation. The output shown are mediated for May, June, July, and August 2017 for the
subbasins SAD (upper panels), NWM (central panels), and LEV (bottom panels). Green
lines indicate the output of the base simulation with the parameterization given in Table
S1, blue lines indicate the parameterization that include both POC and DOC
remineralization, and yellow lines indicate the output of simulation with the threefold
increase of Hg methylation constant x,,.;.
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Figure S3. Comparison between monthly averaged modeled HgT concentrations profiles for 2017, after 13 years of model spin-up,
and experimental observations from the literature that were used to constrain model initial conditions (Table S5). The observations are

from Cossa et al., (2009) (*) and Kotnik et al., (2015) (*).
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Figure S4. Monthly evolution of modeled reactions rate constants (1/d) for

photodemethylation (kphdm), dark demethylation (kdem), and Hg methylation (kmet) for each
subbasin (colored markers) of the Mediterranean Sea (black lines), depth-integrated for
surface water (0-100 m depth), intermediate water (100-600 m depth), and deep water

(>600 m depth). The rate constants are computed by the model depending on
environmental conditions (Table S2).
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Figure S6. Spatial-temporal distribution of monomethylmercury (MMHg) concentrations in
the surface water of the Mediterranean Sea.
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Figure S7. Spatial-temporal distribution of MMHg in picophytoplankton (MMnghy’m).




Figure S8. Spatial-temporal distribution of MMHg in autotrophic nanoflagellates

(MMHg , ).
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Figure S9. Spatial-temporal distribution of MMHg in diatoms (MMnghy’Pl).
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Figure S13. Spatial-temporal distribution of MMHg in large omnivorous zooplankton
(MMngoo, 74 ) :
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Figure S14. Spatial-temporal distribution of MMHg in large canivorous zooplankton

(MMngoo, 73 ) )
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Figure S15. Spatial-temporal distribution of biomasses of heterotrophic nanoflagellates, on
a carbon basis (C,,,, z)-
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Figure S16. Spatial-temporal distribution of biomasses of carnivorous zooplankton, on a
carbon basis (C,,,, 73)-
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