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Up to 85% of MMHg adsorbing to
terrestrial particles enters the

refractory pool



https://doi.org/10.1002/2015GB005124
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Experimental setup

Incubation

Equilibrium

1.0.5-1 g soil

2. 50 mL water

3. Pre-Equilibration 24 hours
4. Addition of 10 ng MM?1Hg

5. Adsorption incubation
48 hours

6. Water exchange

7. (re-)Desorption incubation
8 weeks

METHOD

Conditions:
10 °C climate
chamber

Rotation at 1
rpm




Experimental Setup

The Samples

Soils

Pond
High DOC

Fjord
Low DOC,
high salinity

Stream
Low DOC,
Low salinity

Waters

Peat
High OC

Stream mineral Mineral
low OC

METHOD

7 timepoints
adsorption

7 timepoints
desorption

Triplicates for
last timepoints



MMHg adsorption (48h)

Experimental Approach

MM2tHg, , MM*'Hg,, <— MM?*'Hg (aq)

<< -
= e
MMHg]. .,
Ky Solid-to-Water Partitioning Coefficient for the adsorption step Ky = [MMHg]SOIId phase
[ g]aqueous phase



MMHg (re-)desorption (8 weeks)

Experimental Approach

MM?Hg . MM#Hg,, == MM**Hg (aq)

_ [MMHg]
° [MMHg]

Ko Solid-to-Water Partitioning Coefficient for the (re-)desorption step K solid phase

aqueous phase



[MM2%Hg] Tx / [MM?**Hg] TO,,

[MM?>'Hg]_ ., RESULTS

MMHg adsorption kinetics (48h) kA =

MM H g
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MMZ2%1Hg in soil [ng g1]

MMHg Desorption kinetics (8 weeks) kD
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Relationship between MMHg adsorption and desorption
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Calculation refractory pools
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RESULTS

Refractory MMHg pools
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Key messages

* Refractory pools were formed for all particles and waters tested

e Particle characteristics and water physico-chemical properties
are important for the formation of refractory MMHg pools

 These results can help to improve modelling the fate of
terrestrial Hg transported to aquatic systems
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Demethylation / loss of tracer in water
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MMZ2%1Hg in soil [ng g1]

Desorption Stream Mineral Soil
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MM?%%1Hg in soil [ng g!]

Desorption Mineral Soil
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[MM?2°Hg] Tx / [MM?2°Hg] TO |;,

Adsorption Stream Mineral Soil
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[MM?2%1Hg] Tx / [MM?%1Hg] TO
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Long range atmospheric transport

Soil pore water ﬁ ﬁ

$c\\angable 00,
t?s"*“adory:%: HgOExc = H8° (8) :> Hgo (g)
112 )
Hg'.y <— Hg'.,, =——= Hg'-DOM (aq) |:"> Hg!'-DOVI/DOM (aq)
112 12
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Soil Mercury (mg Hg m™)

c.0-300 cm
P

Schuster, P.F., Schaefer, K.M., Aiken, G.R., Antweiler, R.C., Dewild, J.F., Gryziec, J.D., Gusmeroli, A., Hugelius, G., Jafarov, E., Krabbenhoft, D.P,, Liu, L., Herman-Mercer, N., Mu, C., Roth, D.A,,
Schaefer, T., Striegl, R.G., Wickland, K.P., Zhang, T., 2018. Permafrost Stores a Globally Significant Amount of Mercury. Geophys. Res. Lett. 45, 1463—1471. https://doi.org/10.1002/2017GL075571



The importance of refractory Hg

A: Refractory Particles B: Reversible Equilibrium
1.6%

—__JExportto open ocean

) Evasion from coastal ocean
@ Burial in shelves

(1 Burial in estuaries

40%

Zhang, Y., Jacob, D.J., Dutkiewicz, S., Amos, H.M., Long, M.S., Sunderland, E.M., 2015. Biogeochemical drivers of the fate of riverine
mercury discharged to the global and Arctic oceans. Global Biogeochem. Cycles 29, 854—864. https://doi.org/10.1002/2015GB005124
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St Pierre, K.A., Zolkos, S., Shakil, S., Tank, S.E., St Louis, V.L., Kokelj, S. V., 2018. Unprecedented Increases in Total and Methyl Mercury Concentrations Downstream of Retrogressive Thaw Slumps
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Rivers as the largest source of mercury to coastal

oceans worldwide

a Pl e

Pacil Merthern Greerdard Baranis and Kara sass Sibenan sheives
B.E . 2.1 2 17
e ——— . |
Ty E— | —
o - —
—— _,--r, Eayhern Greerlared Moraagian Basi - .-
d ' s::l’.'?q{ '_':_“_,i.':l". = 1 )
x i?' L g - Sny Il_,r'r"l
S = Martheasiam A
.F‘:.d"" " ., barttvea '|r'ﬁ:i i!;—
Mt iheaalern Pachic . ol 4
' Flarda |.Fwn-ﬂ5F’ 3 Bay-ol Ber
=1 ‘. = - Eaniain Lpaeaking ¥ A l\.“-\.-l larsa
i : ';.'F'-"""' a7 Y - 2l S of Jay
I ]
- Aiedmgunelithes - Prralan Gl
o r'. Curr '.lu Py of r"} J!‘Et-, -~ = )
5.4 Mareccan upgdTing - i‘. ; ; China Saa and Kurcshia
- 1'- ‘\ H. Cl’mhlm"l San b o ¥ 117
Aed Fea A '#
i 2.5 r .
Tromical Ee |n|m 1 Pac |""‘-.! 'r 1 Tnﬁnl EAstam Adanan ; = "!.___J: @ 3 .
-\q’ . _:' 1 Wagiam I7l.l-|l ian Sea i3 g.. South IF_E:I Asia
! . = S iy
5 ] TR e Bisinadia
Panssan upssaling curant & '\\ ¥ e P s - Mﬁ:l_'l T AN
I.I g ." - | ripcal _-1-;__,__:,_:.: e Ty Tropdcal _.;::;rﬁfn In - 1- 83
f 1 g T
Souttasasiom Ao o - LaBuwIn l'*l'l arl
a4 - e 18% |
Lurmeny — Souihes |Mﬁ,&‘ Mo .-"-"-":\'F*.‘I
-‘-','l.-l:::l'.:_:.'l."-\.'-" 7.1 il 5.2 -
14 i) F 4
F
Tropical Weslern Allanlic Eagtaim Asabian Sea i
242 2 Eastam Ausymlan Currant

Hi sspont (Mayr |

§ Amospheric Hg'

-]

23

1
Rivarine Hg
, 3=
Rivarne MeHg Hg irpul rale (ng m "y )
Atmoaparic Hg? I

51 100 200 400 00 1,800

Liu, M., Zhang, Q., Maavara, T., Liu, S., Wang, X., Raymond, P.A., 2021. Rivers as the largest source of
mercury to coastal oceans worldwide. Nat. Geosci. 14. https://doi.org/10.1038/s41561-021-00793-2
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Calculation refractory pools

Refractory pool (%) =

Refractory

MMZOng

solid

MMZOng

TO desorption

solid

x 100




Calculation of refractory MeHg pools (step lli) APPROACH

MeHg adsoption (step 1)

MM2tHg . VI2%'Hg, <= MM??'Hg-R (aq)

_ [MMHg]
“ = TMMHg]

. 201
solid phase :> [MMHg]solid ohase = MMZOngexc |:> _ [|V||V| Hg]exc
aqueous phase A [M M Hg]aq STEP |

MeHg desoption (step Il)

MM?Hg .  MIMV?%"Hg, . —— MM?%Hg-R (aq)

_ _[MMHg] [MM?%Hg ] 4 [MM**Hg, |

KD _ solid phase : K. =
[M |VIHg]aqueous phase b [M M Hg]aq STEP 1l

:> [MMHg]soIid phase ~ [MM201ngef] + [MM201ngxc]

[MMZOngref]

Refractory pools ((MM?°'Hg_ ] ) %= MMRg e
aq.

+ K,



Long-range transported atmospheric mercury species
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Story line idea

As we all know mmhg is a concern in seafood (???% of which is) caught in coastal
areas

However there are still a lot of factors unknown regarding the entrance of MMHg
at the base of marine food webs

Rivers are the main source of Hg and MMHg to coastal oceans globally and the
majority is particle bound

To understand the fate of this Hg (and in this talk | will focus on MMHg) in the
ocean one important aspect to take into consideration is the refractory fraction of
the MMHg transported from the terrestrial to the marine environment (Zhang
study & explain)

So the idea is that if MMHg adsorbs to a particle, some of it will not be available
to desorb a%ain —that is the refractory pool here whereas there is also an
exchangeable pool which represents the MMHg that can desorb back into the
pore water depending on the equilibrium



Formation of refractory MMHg pools
during transport

Liu, M., Zhang, Q., Maavara, T., Liu, S., Wang, X., Raymond, P.A., 2021. Rivers as the largest source of mercury to coastal oceans worldwide. Nat. Geosci. 14. https://doi.org/10.1038/s41561-021-00793-2

Rivers are an important source of
marine (MM)Hg (Liu et al. 2021)

Landscape features and soil
characteristics can impact binding
(St Pierre et al. 2018)

A: Refractory Particles B: Reversible Equilibrium

1.6%
6.4%
40%

portto open ocean
vasion from coastal ocean
Burial in shelves
Burial in estuaries

(Zhang et al. 2015)

Particle remineralization as the major
source of dissolved Hg in deep ocean
(Lamborg et al. 2016)

Zhang, Y., Jacob, D.J., Dutkiewicz, S., Amos, H.M., Long, M.S., Sunderland, E.M., 2015. Biogeochemical drivers of the fate of riverine mercury discharged to the global and Arctic oceans. Global Biogeochem. Cycles 29, 854-864. https://doi.org/10.1002/2015GB005124
St Pierre, K.A., Zolkos, S., Shakil, S., Tank, S.E., St Louis, V.L., Kokelj, S. V., 2018. Unprecedented Increases in Total and Methyl Mercury Concentrations Downstream of Retrogressive Thaw Slumps in the Western Canadian Arctic. Environ. Sci. Technol. 52, 14099-14109. https://doi.org/10.1021/acs.est.8005348

Lamborg, C.H., Hammerschmidt, C.R., Bowman, K.L., 2016. An examination of the role of particles in oceanic mercury cycling. Philos. Trans. R. Soc. A Math. Phys. Eng. Sci. 374. https://doi.org/10.1098/rsta.2015.0297
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Why is the arctic relevant

* Thawing perfmafrost expected to release a lot of ®oN0 Hg

* Due to wet conditions methylation hot spots ??

* Refractory pools in the arctic are expected to be much lower in arctic
rivers compared to lower latitudes & play a critical role for How
available this remobilized (MM)Hg is to end up in marine food webs



Step Il. MeHg Desorption (8 weeks)

Approach
MM iHg, =~ — MM?% Hg-R (aq)
MMZOngref ﬁ
MM**'Hg,,, —— MM?'Hg-R (aq)
K, Solid-to-Water Partitioning Coefficient for the adsorption step
Kp Solid-to-Water Partitioning Coefficient for the desorption step

_ [MMHg]

solid phase

% = TMMAg]

aqueous phase



. METHOD
Experimental setup

Incubation

1.0.5-1 g soil

2. 50 mL water Conditic.)ns:
10 °C climate

3. Pre-Equilibration 24 hours chamber

4. Addition of 10 ng MM?%1Hg
Rotation at 1

5. Adsorption incubation
rom

48 hours
6. Water exchange

7. (re-)Desorption incubation
8 weeks




Calculation refractory pools

201
MM-"*Hg,
Reversible
Equilibrium
[MM*1Hg], 4 I ,
kD = (MM Hg] At equilibrium of the desorption phase
liquid
ReversibleEquilibrium Refractory
KD = [MM='Hgl,a  [MM*Hg] ;4
[MMZOng]liquid [MMZOng]liquid
Refractory .
MMZOlH . Refractory
kD — kA = [[MM201 = 5]150"d (MM Hg]so1a = (kD — kA) * [MM**Hg ;44
liquid



Calculation refractory pools

kA = [MMZOng]solid
[MMZOng]aq

kD = [MMZOng]solid

o [MMZOng]aq

Reversible Equilibrium

kD = [MM201Hg]solid

At equilibrium of the adsorption phase

At equilibrium of the desorption phase

Refractory

[MM201Hg]

Refractory

[MMZOng]solid
[MMZOng]aq

kD — kA =

Refractory

[MM**'Hglsoq = (kD — kA)  [MM**'Hg]|,,

i MMz01Hgaq

ref refractory
ex exchangeable
aq aqueous
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