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U Mercury cycle and isotopic fractionation

Methyl-HgX
Production
Methylation
MDF (-)

e I

l (CH; izHg

[Oceans Surface)

O;
Hg(Il) € Hg®

Methyl-HgX
Degradation

1) Photo-de-
methylation
MDF (+) &
MIF (+)

2) Microbial de-
methylation
MDF (+)

3) Dimethyla-
tion ?

:_ Lands & Lakes © '

@ Ultimate sink of Methyl-HgX: food web bioaccumulation: no MIF, MDF (?)
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Mechanistic studies

2 Hg methylation pathways

Biotic methylation

by Sulphate-Reducing Bacteria

Abiotic methylation

by methylcobalamin (MeCo)

gg MeHg
ig D?’Tg Hg(ll)
wl \ I T R N Y )
Gas Chromatography - Gas Chromatography -

ICP/MS analysis

Multicollector ICP/MS analysis

Quantification of Hg species (Hg(ll),
CH,Hg, (CH,),Hg) by isotopic dilution

Measurement of of Hg species (Hg(ll), CH;Hg,
(CH,),Hg) specific

stable isotopic composition



Isotopic fractionation of Hg species during abiotic methylation
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Comparlng poIIuted & remote sites
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Comparing polluted & remote sites
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Hg speciation at various fishes trophic level:

=>» MeHg bioaccumulation and biomagnification within food webs of both areas

=> highly Hg contaminated fishes in Bratsk reservoir

(5 to 20 times more concentrated than Lake Baikal)

WHAT ABOUT ISOTOPIC COMPOSITION ?



Comparing polluted & remote sites
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=» increasing 82°2Hg due to Hg bioaccumulation and/or trophic transfer



Comparing polluted & remote sites
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Hg stable isotopes in nature \
» Variations of Hg isotopic composition in the environment Hg“\”\‘ A D
=> Isotopic signature of Hg in environmental samples helpful to identify the " o>
source of Hg contamination (ex. Foucher et al. (2009) in sediments, Perrot et a : water
(2010) in fishes, ...) C : column
* Several biogeochemical reactions involving Hg in nature produce | Hg(l) ——«CHiHgs =58
isotopic fractionation of Hg o e sediment
reduction =» microbial (Kritee et al., 2008)
=» photoreduction (Zheng et al., 2009; Bergquist and Blum, 2007)
=> abiotic (Zheng and Hintelmann, 2010)
demethylation =» microbial (Kritee et al., 2009)

=» photodemethylation (Bergquist and Blum, 2007; Malinovsky et al., 2010)

methylation =» microbial (Rodriguez-Gonzalez et al., 2009)

=>» abiotic (Malinovsky and Vanhaecke, 2011)
Modification of Hg source isotopic signature

# pathways of reaction ——————p ¥ fractionation processes and extent

Are Hg species (Hg(ll), CH;Hg) fractionation dependent both on
methylation/demethylation kinetics and environmental conditions?
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The Water Framework Directive (WFD) 2000/60/EC requires that EU countries
achieve good chemical status of waters within regulated limits

Directive 2013/39/EU on environmental quality standards (EQS) specifies that
the mercury (Hg) level of fish is below the
EQS of 20 ug/kg wet weight (ww)

Protection goal:
secondary poisoning of predators

Q Z Fraunhofer
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» The ESB archive retains specimens for

Concept of the German ESB Bundesamt

environmental and human specimens are
collected, analyzed for environmentally relevant
substances and stored

> Long-term storage is performed under conditions P y
which exclude any change in composition or |
chemical properties over a period of several
decades

retrospective analytical characterization
concerning unpredictable questions which may
arise in future
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8°Hg (%o)

Sediments as a source
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Elbe and Elbe tributaries, MIF Blnesas
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= R4: odd isotope enrichment (up to + 0.7%o),
larger than all other. Restricted range of isotope
fractionation (=0.25%o), no clear temporal trend

= D3 : no trend

= | B : Largest range (0.3%o) and contrasted trend
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Date of [Hg] Volume ©6202Hg A200Hg A199Hg

Sample ]
P sampling  (ng/L) (m)* (%)  (%o) (%) 6,8
UBA1B  05/01/2016 3.8 912 -0.68 0.10 -0.18 ¢ é
UBA4A  26/01/2016 3.5 851 -0.72 -0.05 -0.08 C C C’
UBAGA  09/02/2016 5.2 805 -0.61 0.04 -0.23 6 C)
UBA12B 22/03/2016 3.7 498 -0.35 0.12 0.28 .
UBA 13A 29/03/2016 4.7 633 -0.28 0.22 0.00 £
UBA17A 26/04/2016 5.5 512 -0.47 0.17 -0.52
* collected on 1 week duration for each
0.80 -
0.60 - / '
0.40 / —
/ - =
020 1 " |UBA-12B >
. . . UB;ﬁ‘ll—zIAU%fﬁ.\{—)l.i! " | | §
-0.80 -0.60 -0.40 -0.20® " 0,00 0.20 0.40 O‘:tll:
UBA-16@ @020 - —
- / UBA-6A °\°
UBA—l?A. / 0.40 - o
e -0.60 -
/ -0.80 - MeHg photoreduction
Umwelt ,,,/ o
- T ——Hg2+ photoreduction

‘ Significant # MIF : different origin of Hg ?
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Fig. 4 Even-MIF in precipitation samples collected from the North
America and China (modified from Wang et al. 2015) |24, 36-39, 41,
42]. The Wisconsin rain samples collected in summer are similar to
those samples i Peterborough of the same season. The fact that
&zmHg displays a general increase with latitude implies an upper

atmosphere provenance of even-MIF

Cai et al. Review on even MIF ; Science Bull. 2016
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GC vs CVG / MC-ICP-MS

Example : Bremen muscle sample
Speciation : [MeHg]

[InHg] = 6% of total Hg
Species specific Hg isotopes by GC / MC-ICP-MS :
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