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» Global multimedia modeling study at NIES (National Institute for Environmental
Studies)

« Examples of monitoring activities in Japan
Background atmospheric monitoring at Cape Hedo and Cape Oga

Monitoring study in ocean




NIES Global Model for Hg (FATE-Hg) @6 it
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 FATE-Hg simulates multimedia Hg biogeochemical cycles

« Coupled atmos.-ocean chemical transport model

« atmos.: 0.75°x0.75°x60 o-layers, ocean: 1°x1°x50 layers

« Satellite-based ecosystem models

* biologically-driven carbon cycle, and abundances and trophic structure of marine organisms
Kawai et al. (2020), Environ. Model. Soft., 124, 104599




Modelled Hg Processes
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General multimedia processes and transfer to marine POM and fishes are modelled
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Simulated Global Hg" Budget (2010) @6 i
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» QOceanic HgT was 410 Gg, which is 1.6—16.9 times higher than that estimated by the previous model
» Particle removal plays a central role in HgT vertical cycles within ocean interior
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Modelling MMHg Boiconcentration Factor @6 Ervonmertal

 MMHg BCF differs among ocean sections by up to a few orders

» Spatial and temporal distributions of MMHg BCF are modelled by phytoplankton
surface area to volume ratio and seawater DOC concentration
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Observational Data for Validation @6 e o
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Monitoring data for sea water Hg for validation are compiled from recent cruises (e.q.,
GEOTRACES) and literatures
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Validation (Seawater Hg)
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» We performed a long-term simulation over a total time span of 260 years (1750-2010), and
evaluated modeled concentrations

» We obtained relatively poor results for methylated mercury concentrations
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Seawater Methylation/Demethylation Rates
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Rate coefficients for seawater methylation/demethylation are parameterized by OC
remineralization rate (for biotic reaction) or net shortwave radiation (for photolytic reaction

Rabe coefficient (s1)
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Experimental studies for seawater methylation/ demeth‘_@é SHANAS
and MMHg BCF

Lehnherr et al. i
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Simulated Global Hg" (Human Impacts) @6 Ervionmental
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» The simulated global HgQT increased during the past 160 years (1850-2010) by a factor of
around 2
» Due to the long turnover time (320 years), the oceanic HgT, did not respond immediately to the

change in anthropogenic emission
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Long-term atmospheric monitoring at Cape Hedo and Cape Oga in
Japan by Ministry of the Environment

Japan conducts long-term continuous monitoring
at Cape Hedo, Okinawa Island and new site Cape _ . .
Oga, Akita prefecture in northern part o of Japan

Cape Oga

Cape Hedo site

Operating from 2007 to present
Cape Oga site

Operating from 2014 to present

Both site operating speciated-continuous
monitoring using Tekran system

Speciated-continuous mercury levels in air
Wet deposition
23 metals in suspended particules
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Long-term trend and examples of observation at Cape Hedo
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Figure 10. Long-term variations in the monthly mean GEM concentrations. The slope of the least-square = 20.0 ‘[ P
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Figure 9. Typical examples of time series observed in the concentrations of GEM, GOM, PBM, 5, CO,
and O3 and meteorological parameters, including air temperature (AT), relative humidity (RH), air

MarumOtO K et al (20 1 9) AtmOSpheI’e 10, 362 pressure (AP), rainfall, wind direction (WD) and wind speed (WS) during the period from December
2013 to January 2014.




Hg emission fluxes from East-China
sea, by cruise-monitoring
Emission fluxes (ng m~? h'") previously reported
Yellow Sea (Ci, et al., 2011 and Ci et al., 2015)
18112 (summer),
1.1+0.9 (spring),
2.512.1 (fall)
East China Sea (Shelf) (Wang et al., 2016)
4.4+3.4 (summer),
3.612.8 (fall)
This study
East China Sea (Kuroshio current)

3.3+2.3 (fall)
Marumoto et al., Geochem. J. (2018) 52, 1
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General remarks on multimedia fate and monitoring of '6 National
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Importance of multimedia-integrated fate studies

 Mercury species are transported among atmosphere, land, ocean and biota through
multimedia transport processes. It is important to capture all important multimedia
processes for general consideration

Importance of multimedia-integrated monitoring arrangement
» Monitoring covering important media is important

» Speciation measurement is important when feasible, as the speciation gives key impact
on multimedia fate processes

» Coordination efforts are important, such as GMOS, AMAP, and Asia-Pacific Mercury
Monitoring Network. It may be better to establish most flexible mechanisms of compiling
existing networks preserving efforts of each national and international programs




