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Motivation

Role of Hg? air-sea exchange in the Hg biogeochemical cycle:
» Influences distribution of dissolved Hg in the ocean.

= Reduces the pool of available Hg' for methylation.

Challenges:

Hg(IT) MeHg Me,Hg
Deposition Deposition Air/Sea Exchange

= Sparsity in direct measurements in the air-sea intg

Main goal:
Me Hg

= Study HgP air-sea exchange using long-term, atm
based monitoring sites.
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Adapted from Gojkovic et al. (2022)



Long-term, ground-based Hg®,.” measurements

Hourly Hg?,.. measurements at:

Mace Head (MHD): 1996 — 2020

Cape Verde Observatory (CVO): 2011 — 2015
Cape Point (CPT): 2007 — 2017

Amsterdam Island (AMS): 2012 — 2020
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Methodological framework

Hourly Hg?,.. measurements at:

Mace Head (MHD): 1996 — 2020

Cape Verde Observatory (CVO): 2011 — 2015
Cape Point (CPT): 2007 — 2017

Amsterdam Island (AMS): 2012 — 2020

HYSPLIT back trajectories:

= 144-hour (6-day) back trajectory for every Hg®,,
observation

= Assign location of each trajectory segment

/[ Oceanic

Bath. <0 m

[ Location GEBCO Bathymetry

Bath. >0 m

\[ Terrestrial

htraj = hPBL

Moy > hpgL

ERAS PBL

htraj = hPBL

Nyay > NpgL

hyo; = height of trajectory segment

\[ FT_terreStriaI ] hpg, = planetary boundary layer height




Hg?,. cycling in the MBL

What we found:

T {(a) Mace Head (b) Cape Verde Obs.
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Why seasonal and diurnal variability weak??




Hg?,. cycling in the MBL

More from the literature...:

= (L)FT HgY,;, concentrations:

< 0.73 ng m at Maido (Koenig et al., 2023).

% 1.3 ng m=3over central Europe (Weigelt et al., 2016).

Site

MBL* Hg® concentration [ng m-3]

MHD
CVO
CPT
AMS

1.53+0.26
1.19+ 0.11
1.01+0.12
1.06 + 0.07

MBL concentration: = 90 % of traj. segments assigned as MBL




Hg?,. cycling in the MBL

More from the literature...:

= (L)FT HgY,;, concentrations:

< 0.73 ng m= at Maido (Koenig et al., 2023).
< 1.3 ng m=over central Europe (Weigelt et al., 2016).

= Most Hgoaq in the ocean produced by dark reduction (Lamborg et al., 2021).

Hypothesis:

= Air masses entering the MBL from the LFT carry a signature Hg® concentration of this environment.

= |n the MBL, they exchange Hg® with surface ocean.

= Surface ocean supersaturated in Hg® — net emission to the atmosphere — gradual increase in the Hg°
concentration of the air mass.

< Air masses that have recently spent more time in the MBL have higher Hg®,;, concentration.
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+(a) Mace Head

Hg’,.. conc. vs air mass recent MBL time
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Hypothesis:

Hg

= ...air masses that have recently spent more time in the MBL have
higher Hg®,,. concentration.
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How to test?

Hg

12 24 36 48 60 72 84 96 108 120 132 144

]

= Group Hg%,, observations by air mass recent* MBL residence time.
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*Recent = in the last 144 hours before arrival at the sampling site



]

(a) Mace Head

Hg’,, concentrations
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(a) Mace Head

Ocean Hg? evasion fluxes
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Change in Hg® mixing ratio along a trajectory?:

Hg
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(b) Cape Verde Obs.
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(c) Cape Point
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Ocean Hg? evasion fluxes

= QOur estimate: 1900 t y-' (1200 — 2600 t y)

= Current estimates: 2800 — 4000 t y-' (Horowitz et al., 2017; AMAP/UNEP, 2018; Shah et al., 2021; Zhang et
al., 2023)

= Emerging research: Amosphere:

4400 (450%) Net evasion (gaseous

elemental mercury)

Deposition Deposition
toland/ to oceans
freshwater

3400
(2900-4000)

< Johannes Bieser (ICMGP): 1800 ty-' ! I B
« Hui Zhang (ICMGP): < 1200 t y-!

Soil and .
vegetation -
" Anthropogenic g

Organic soils: 150 000 (15%) Sur@ce ocean: 2600 (230%)

Man,m%)

Mineral soils: 800 000

Best estimates of mercury stored and cycling through the global environment

Net vertical Mansport
jenowa, aMiied

Anthropogenic mercury emissions and releases (tonnes per year)
a  emissions ¢ as .

Natural mercury emissions and releases (tonnes per year) 190 000 (12%)

“ Re-emission/re-mobilization (natural and legacy mercury, tonnes per year)

100 Amount of mercury stored, tonnes Geogenic

(%) Percentage increase in mass due to human activities

Adapted from AMAP/UNEP, 2018



Take home messages

= HgY air-sea exchange evident from ground-based, coastal monitoring observations.
= Ground-based Hg®,,. observations a useful tool for studying Hg® air-sea exchange +

= ...can be applied to constrain Hgoaq concentrations as well ocean evasion fluxes.
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Thank you!
hereon

koketso.molepo@hereon.de

References:

AMAP/UNEP, 2018. Technical Background Report to the Global Mercury Assessment 2018; Arctic Monitoring and Assessment Programme, Oslo, Norway/UN Environment Programme, Chemicals and Health
Branch, Geneva, Switzerland.

Brasseur, G.P., Jacob, D.J., 2017. Modeling of Atmospheric Chemistry. Cambridge University Press, Cambridge. https://doi.org/10.1017/9781316544754.

Gojkovic, Z., Skrobonja, A., Funk, C., Garbayo, I. and Vilchez, C., 2022. The role of microalgae in the biogeochemical cycling of methylmercury (MeHg) in aquatic environments. Phycology, 2(3), pp.344-362

Horowitz, H.M., Jacob, D.J., Zhang, Y., Dibble, T.S., Slemr, F., Amos, H.M., Schmidt, J.A., Corbitt, E.S., Marais, E.A. and Sunderland, E.M., 2017. A new mechanism for atmospheric mercury redox chemistry:
implications for the global mercury budget. Atmospheric Chemistry and Physics, 17(10), pp.6353-6371.

Koenig, A.M., Magand, O., Verreyken, B., Brioude, J., Amelynck, C., Schoon, N., Colomb, A., Ferreira Araujo, B., Ramonet, M., Sha, M.K. and Cammas, J.P., 2023. Mercury in the free troposphere and bidirectional
atmosphere—vegetation exchanges—insights from Maido mountain observatory in the Southern Hemisphere tropics. Atmospheric Chemistry and Physics, 23(2), pp.1309-1328

Lamborg, C.H., Hansel, C.M., Bowman, K.L., Voelker, B.M., Marsico, R.M., Oldham, V.E., Swarr, G.J., Zhang, T. and Ganguli, P.M., 2021. Dark reduction drives evasion of mercury from the ocean. Frontiers in
Environmental Chemistry, 2, p.659085.

Shah, V., Jacob, D.J., Thackray, C.P., Wang, X., Sunderland, E.M., Dibble, T.S., Saiz-Lopez, A., Cernus$ak, |., Kell, V., Castro, P.J. and Wu, R., 2021. Improved mechanistic model of the atmospheric redox
chemistry of mercury. Environmental science & technology, 55(21), pp.14445-14456.

Weigelt, A., Ebinghaus, R., Pirrone, N., Bieser, J., Bédewadt, J., Esposito, G., Slemr, F., van Velthoven, P.F., Zahn, A. and Ziereis, H., 2016. Tropospheric mercury vertical profiles between 500 and 10 000 m in
central Europe. Atmospheric Chemistry and Physics, 16(6), pp.4135-4146.

Zhang, Y., Zhang, P., Song, Z., Huang, S., Yuan, T., Wu, P., Shah, V., Liu, M., Chen, L., Wang, X. and Zhou, J., 2023. An updated global mercury budget from a coupled atmosphere-land-ocean model: 40% more re-
emissions buffer the effect of primary emission reductions. One Earth, 6(3), pp.316-325.

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under the Marie
Sklodowska-Curie grant agreement no. 860497.



mailto:koketso.molepo@hereon.de
https://doi.org/10.1017/9781316544754




Estimating global flux

Global_flux = (oceanA _area * oceanA_flux + oceanB_area * oceanB + oceanB_area * oceanB) / oceanGlobal area

#ng m-2 h-1
Global_flux = Global_flux * 365 * 24 #ng m-2 y-1
Global_flux = Global_flux * 10*-15 #t m-2 y-1
Global flux = Global flux * oceanGlobal area #t y-1

Note:
oceanGlobal area = oceanA area + oceanB_area + oceanB_area
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