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MMHg photochemical demethylation: odd-MIF isotopic fractionation
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« A199Hg/A2%1Hg = 1.36 introduced and adopted as photodemethylation processes signature?

« Odd-MIF magnitude related to incident radiation energy: Mainly UVB (280-320nm)
responsible for odd-MIF, less for UVA (320-400nm)!

« Experiments conducted under oxic condition & continuous purging solution under natural
sunlight!

- In situ experimental assessment in different lakes from Bolivian Altiplano with fishes3

1 Rose et al 2015 .°Bergquist & Blum, 2007; Blum et al 2014. 3Bouchet et al 2022.



MMHg photochemical demethylation: odd-MIF isotopic fractionation
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MMHg photochemical demethylation: odd-MIF isotopic fractionation

Isotopic « signature » of MeHg
Odd-MIF sources in the environment ?

MeHg Hg?*
photodemethylation photoreduction
MeHg*
MeHg MIF aquatic organisms = + A1%Hg
MIF MeHg before its incorporation into
food web MeHg* _—7

Zheng and Hintelmann, 2009
Bergquist and Blum, 2007
Perrot et al., 2012




Objectives & Questions

/ Back to the lab ! \

Evaluate the contribution of various physico-chemical parameters e.qg. light
wavelength and redox conditions to decipher photodemethylation pathways

Need for a "simple” model freshwater medium and a well controlled
K experimental setup /

e How the experimental setup can influence the photodemethylation rate and
Hg isotopic fractionation extent ?

e How O, content and UV light spectral distribution affect the odd-MIF
signature?

e How lab experiments can be useful for environmental isotopic data
evaluation and source tracking ? 5




Methodological approach

I. Continuous- irradiation purging: Cont.
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Methodological approach

[MMHg]= 50 ppb

Dissolved fulvic acid (SRFA*) IHSS (Filtered at 0.2 pm)
[DOCltuivic acia= 6 PPM

Vpea=35 mL

Head space =15 mL

Equilibration overnight
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*Suwannee River Fulvic acid. **Selected ion flow tube mass spectrometry



Results & Discussion: Experimental kinetics & Hg speciation

Photochemical pathways as controlled by experimental conditions: first conclusions

Elaheh Lotfi-Kalahroodi et al,, Chemosphere 2023

®* MMHg photodecomposition follows a first step of MMHg photodemethylation to iHg(II) and second step
of photoreduction of iHg(II) to Hg(0).

® Dissolved O, is an inhibitor for the photodemethylation process (ROS generation, DOM oxidation).
®* Low molecular weight volatile organic compounds enhance the photoreactivity.

® Photoreduction under natural sunlight is more dependent on UV compared to photodemethylation. s @



Results & Discussion: Experimental kinetics & Hg stable isotopes

Continuous-irradiation purge
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Results & Discussion: Odd MIF relationship
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Results & Discussion: Odd MIF relationship
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Results & Discussion: enrichment factors vs rate constants
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Take home messages

Odd isotopes Enrichment factor of photodemethylation depends on reaction kinetics
which are highly controlled by redox conditions and short UVB spectral distribution.

Oxygen inhibits and modifies the photodemethylation pathways e.g. ROS production
& DOM photobleaching increase odd isotopes enrichment factor.

Photodemethylation odd-MIF signature (Magnetic Isotopic Effect) A19°Hg/A201Hg
vary significantly in the presence of short UVB (280-305 nm).

Our results combined with previous in situ experiments and biota Hg isotopic

composition of MMHg suggest that short UVB are not major drivers for
photodemethylation in natural aquatic systems.
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