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Motivation and Project Hypothesis
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. * Observed atmospheric Hg concentrations
have decreased since 1995 even as direct
anthropogenic emissions increased
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* Historical releases of Hg to the environment
from the use and disposal of commercial
products, not accounted for in global

1860 1880 1900 1920 1940 1960 1980 2000 models, could resolve this conundrum
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Missing environmental releases from commercial Hg use

Global Atmospheric Hg
Emissions Inventory, 2008
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 Eventually, all Hg used in commercial products will enter the environment

* Emissions inventories for models only include direct atmospheric emissions and are
missing potentially significant sources to air, land, and water from commercial products



Large historical evolution of mercury consumption

US Hg usage, 1950 US Hg usage, 2000 E & SE Asia Hg usage, 2005
Total: 1444 Mg Total: 461 Mg Total: 1468 Mg
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* Types of applications shift from those that directly use and dispose of Hg in the
environment to those that retain the Hg inside a product

* Entrance of Hg into the environment from commercial usage has a regional signature



Fate of Commercial Hg
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Fate of Commercial Hg
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Fate of Commercial Hg
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Indirect Releases Through the Waste Stream
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Indirect Releases Through the Waste Stream
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Indirect Releases Through the Waste Stream
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Indirect Releases Through the Waste Stream
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Indirect Releases Through the Waste Stream
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Indirect Releases Through the Waste Stream

Municipal
Solid Waste
losses during &3
transport and 33
processing 2
S
QL o
kS
Y ; X
Waste rJ Landfill, S
ncineratio Compost 3
® flv ash & ® |5 & |leachate
g- filter cake g S X T
0 application 2 g
S S Bno
S S IS¢
%)) 0w =
0
S
6-
3
C C
L L
Y Y \ A | Y Y Y
ATMOSPHERE | g---------eoo.. | LAND SURFACE  «----cccceean... »  FRESHWATER /

A peeeeen > SURFACE OCEAN



Landfill Hg release processes implemented into global box model

First-order releases of Hg to atmosphere and soils
A
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Timescales of Hg release from landfills vary greatly

Timescale Landfill
(yrs)

=~ Martin, FL, USA?
,000,

3000 Brevard, FL, USAl
Jin-Kou, Wuhan, China?

200 Gao-Yan, Guiyang, China?
Sources: 1. Lindberg et al., 2005; 2. Li et al., 2010b

e Landfills release Hg very slowly and lock up Hg for longer than other
disposal methods

 However, historical accumulation of Hg mass in landfills becomes so large
that by 2008, landfill atmospheric emissions were =100 Mg/yr, 3% of
current global inventory and comparable to waste incineration emissions



Summary and Next Steps

Massive quantities of Hg used in commercial applications have
been largely ignored in global biogeochemical Hg models

All commercial Hg will eventually enter the environment on
timescales and spatial scales that need to be quantified

Landfilled Hg leads to long-lasting contamination, but these
releases are too slow to change the atmospheric trend

Will focus future work on products with direct releases to water,
soil, and/or the atmosphere (e.g., chemical uses, agriculture)

Will these products solve the atmospheric trend conundrum?
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