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Global Hg budget and air-surface Hg exchange
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® Air-surface exchange is a key process in global Hg budget Particulate-Bound r Hg
® Observations of air—-surface Hg exchange are quite limited _ Mercury (PBM)

Obrist et al., Ambio, 2018; Outridge et al., Environ. Sci. Technol., 2018; Zhang et al., Atmos. Chem. Phys., 2019



Air-soil Hg° exchange in wetlands
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® The dual roles of soils as both sources and sinks

of atmospheric Hg

\{

® Wetlands are important natural sources for Hg°
with large uncertainties

Jiskra et al., Environ. Sci. Technol., 2015; Zhu et al., Atmos. Chem. Phys., 2016; Lei et al., Sci. Total Environ., 2019



Impacts of meteorological factors on Hg° exchange flux
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® Solar radiation is highly positively correlated with soil Hg? flux, which is generally regarded as
enhancing Hg' reduction and therefore facilitating Hg? evasion

® Air temperature promotes Hg? desorption from soil, contributing to Hg° evasion, which could
be further enhanced by the photoreduction effect of solar radiation

Gustin et al., Atmos. Environ., 2002; Yu et al., Atmos. Chem. Phys., 2018



Impacts of GEM and soil characteristics on Hg? exchange flux
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® Elevated ambient GEM concentration suppresses the flux by !
reducing the concentration gradient at the air-soil interface
/ He (ppm)

® Soil moisture and particle size affect soil Hg? exchange flux N v

sand size fraction

Duan et al., Atmos. Environ., 2021; Pannu et al., Environ. Pollut., 2014; Edwards et al., J. Geophys. Res., 2001



Purposes of this study

® To investigate the characteristics of air-soil Hg® exchange fluxes in

a wetland in eastern China in different seasons

® To identify key meteorological factors and soil features for air—soll

Hg® exchange fluxes in wetlands

® To quantify the impacts of meteorology and soil characteristics on

air—soil Hg® exchange fluxes in wetlands
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Description of the BWL monitoring site in eastern China
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® Site description

Baguazhou Wetland (BWL) site is located in Nanjing, a megacity in eastern China, one river away from
the densely populated downtown Nanjing, with a subtropical monsoon climate. The BWL site is located
at the southern Baguazhou Island, which is a well-maintained inland wetland environment.



The dynamic flux chamber (DFC) monitoring method
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The "lakeside" plot was located close to the river and are over- or nearly saturated with soil
water; and the "mudflat" plot was situated in the adjacent area of higher topography with
lower soil water content.

Zhang et al., Atmos. Environ., 2002; Yu et al., Sci. Total Environ., 2019 10
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Seasonal variation of GEM concentration and exchange flux
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Diel variation of GEM concentration and exchange flux
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During the peaking time of Hg exchange flux in the afternoon, especially for the mudflat
plot, GEM exhibits a depletion pattern, which is probably related to solar radiation
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Impacts of meteorological and soil factors on Hg exchange flux
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® SR: solar radiation

® PAR: photosynthetically active radiation

® ST: soil temperature

® SM: soil moisture

® Prec: precipitation

® Temp: air temperature

® RH: relative humidity

Meteorological factors have larger impacts on wetland Hg exchange flux than soil factors



Impacts of wind speed and direction on Hg exchange flux
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Source regions of GEM pollution in different seasons
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® The summer GEM pollution is probably related
to the coal combustion and industrial activities
in the area to the southwest of the BWL site

® The autumn GEM pollution is linked to the air
mass transport from northern China, especially
Shandong and Liaoning provinces

Refer to: Zhang et al., Atmos. Environ., 2021
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A generalized additive model for Hg exchange flux quantification

Generalized Additive Model (GAM)

glu) =ay+ 510y +5,(x¢;) + -+ +5,(x))

Variable F value Share p value
SR 174.499  47.3%  <2e-16 ***
SM 68.640 18.6%  <2e-16 ***
AT 52.263 142%  <2e-16 ***

Conc 38.017 10.3%  <2e-16 ***
RH 22.245 6.0% < 2e-16 ***
WD 6.939 1.9% 1.31e-06 ***
WS 6.510 1.8% 5.67e-06 ***
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Influencing patterns of key factors on Hg exchange flux
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® Solar radiation is highly positively
correlated with Hg® exchange flux,
which is probably due to soil Hg'
photoreduction

® Soil moisture is the second largest
contributor to flux variation, which
has a positive impact at low level
and a negative one at high level

® Air temperature is positively linked
to Hg? exchange flux, which is due
to Hg? desorption, while the effect
is offset at high temperature level

® The impact of Hg® concentration is
negative, due to the compensation
effect

Special Session on Friday:

Advances in Statistical/Machine Learning and
Process-Based Models
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Take-home messages

® In eastern China, inland wetland acts as a source of Hg® in summer

and autumn, while as a sink of Hg® in spring.

® Solar radiation is the key factor for the air-soil Hg® exchange flux in

wetland, probably due to the soil Hg" photoreduction.

® Soil moisture and air temperature (at low levels) also have positive

effects on the flux, while GEM concentration has a negative one.

22
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