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Methylmercury	  is	  a	  bioaccumula6ve	  neurotoxin	  
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•  Neurocogni7ve	  deficits	  

•  Endocrine	  disrup7on	  
	  
•  Impaired	  cardiovascular	  

health	  
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More	  than	  90%	  of	  U.S.	  popula6on-‐wide	  MeHg	  
exposure	  is	  from	  consump6on	  of	  marine	  fish	  
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Biogeochemical	  cycling	  of	  Hg	  in	  the	  environment	  
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>	  10-‐fold	  geogenic	  releases	  	  



Minamata	  Conven3on	  
•  First	  global	  agreement	  on	  

anthropogenic	  Hg	  reduc7ons	  
established	  in	  2013	  

•  128	  Signatures,	  18	  
Ra7fica7ons	  (Nov.,	  2015)	  

Global	  and	  Na6onal	  Strategies	  for	  Reducing	  
Anthropogenic	  Hg	  Emissions	  



Global	  atmospheric	  Hg	  emissions	  from	  
anthropogenic	  sources	  in	  2010	  

Source:	  UNEP,	  2013	  



Streets	  et	  al.,	  2011	  

•  350	  Gg	  total	  
release	  

•  61%	  1850-‐
present	  	  

•  39%	  prior	  to	  
1850	  	  	  

All-‐Time	  Historical	  Atmospheric	  Hg	  Releases	  



Emissions from China and artisanal gold 
mining drive global trajectory in recent decades 

Horowitz	  et	  al.	  (2014),	  ES&T	  
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Flatter recent trajectory 
•  ASGM: Muntean’14 
•  China: Zhang’15 



atmospheric Hg0 concentrations from firn-air at Summit
Greenland (Figure 2c). Altogether, these comparisons suggest
a coherent change in high northern latitude atmospheric Hg
levels during the 20th Century associated with industrial
emissions from North America and Europe.
Subsequent to the midcentury peak, HgT fluxes decline

during the 1980s and approach near-background fluxes (0.05−
0.13 μg m−2 a−1) between 1989 and 1991. Decreases during
this time are similarly observed in the firn-air Hg0 record from
Summit Greenland32 and in air measurements of Hgp at
Resolute Bay in the Canadian High Arctic (Figure 2d).33 A
record-maximum peak in Mount Logan Pb concentrations
between 1980 and 1989, likely resulting from the transport and
deposition of industrial aerosols from Asia,18 is coincident with
this period of depressed Mount Logan HgT fluxes and therefore
indicative of negligible Hgp contributions from Asia during this
time. We sampled the Mount Logan ice core at continuous 0.5-
year resolution between late 1989 and late 1991 to examine a
possible HgT pulse from the April 2, 1991 eruption of Mount
Pinatubo that sent volcanic ash and sulfur-containing aerosols
into the stratosphere.34 Such a pulse is not evident in either the
Mount Logan or the Upper Fremont Glacier records during the
timing of this eruption.14 A number of other major volcanic
eruptions, including ones in the Southern Hemisphere, are
identified as significant HgT spikes, in the Upper Fremont
Glacier record,14 but material from the Mount Logan ice core
covering these events has been entirely consumed for other
studies.
Increasing Mount Logan HgT fluxes from 1993 until 1998

(the age of the youngest samples) coincide with estimated
increasing emissions of Hg0, Hgp, and Pb from coal combustion
in Asia.7,35 The trans-Pacific transport and deposition of
industrial aerosols from Asia are thought to be responsible for
increasing Pb concentrations in the Mount Logan ice core

during the 1990s (Figure 2b).18 We therefore infer that the
increase in HgT fluxes between 1993 and 1998 is due, at least in
part, to deposition of Hgp associated with Asian industrial
emissions.

3.2. Gold Rush (AD 1850−1900). Figure 3 displays the
entire 600-year Mount Logan record, which shows, in addition
to the mid-20th Century peak, a smaller irregular peak in HgT
fluxes that begins in the 1860s, reaches a maximum of 0.32 μg
m−2 a−1 in ∼1883, and remains elevated until a return to
background at the turn of the century. This 19th Century peak
is largely synchronous with an estimated peak in primary Hg
emissions from silver and gold mining in North America, and
associated Hg production (mainly in Spain, Slovenia, and Italy),
during the Gold Rush between 1860 and 1920 (Figure 3c).7

The Upper Fremont Glacier HgT record (Figure 3b) also
shows a Gold Rush peak, which the authors suggest is caused
by the regional transport and deposition of Hg from gold
mining in upwind California.14 The synchronous response of
the Mount Logan HgT flux record to estimated global Hg
emissions during the Gold Rush, and the lack of major upwind
Hg point sources during the time, support a distinct
anthropogenic change in high northern latitude Hg levels
caused by the Gold Rush. However, the Mount Logan and
Upper Fremont Glacier Gold Rush HgT peaks are both
substantially smaller than their respective 20th Century peaks,
whereas emissions estimates indicate that the Gold Rush
included an extended period of some of the highest primary
anthropogenic Hg emissions of the past 400 years (Figure 3).7,8

Lower-than-estimated anthropogenic Hg emissions during the
Gold Rush may explain the lack of such a signal in many lake
sediment records.9

3.3. Preindustrial Period (AD 1410−1850). The inset of
Figure 3a shows stable background Mount Logan HgT fluxes
(0.015−0.023 μg m−2 a−1) from ∼1410 to ∼1561, followed by

Figure 3. Multicentury HgT records from ice cores compared with estimates of primary anthropogenic emissions used in recent global Hg models.
(a) Mount Logan HgT fluxes (blue points) with 1σ error bars, LOESS smoother (red line), and inset with adjusted y-axis for the Preindustrial Period.
(b) HgT fluxes in the Upper Fremont Glacier ice core calculated using an assumed constant accumulation rate of 800 kg m−2 a−1 modified from
Schuster et al.14 (c) Estimated primary anthropogenic Hg emissions from industrial and mining sources modified from Streets et al.,7 and additional
emissions from commercial Hg use modified from Horowitz et al.8
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Historical emissions data agree well with 
temporal deposition trends from archives 
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Approach	  for	  Quan6fying	  how	  Emissions	  Impact	  
Human	  Health	  

Satellite	  Data	  

Global	  3-‐D	  Models	  for	  the	  Atmosphere,	  Ocean	  and	  	  
Terrestrial	  Ecosystems	  	   Human	  Exposures	  &	  	  

Health	  Outcomes	  
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Grasshopper	  effect	  keeps	  anthropogenic	  Hg	  in	  the	  
environment	  for	  long	  6me	  periods	  

Years	  from	  perturba7on	  (note	  log-‐scale)	  

Amos	  et	  al.,	  2013;	  2014	  



All	  biogeochemical	  reservoirs	  have	  experienced	  
anthropogenic	  enrichment	  

Amos	  et	  al.,	  2013	  

ALL-‐TIME	  
enrichment	  



Source:	  Zhang	  et	  al.,	  2015	  
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High	  concentra6ons	  of	  bioaccumula6ve	  
contaminants	  pose	  risks	  for	  marine	  fisheries	  

Contribu6ons	  of	  global	  rivers	  to	  seawater	  mercury	  concentra6ons	  

Arc6c	  Ocean	  Western	  Pacific	  
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Strong relationship between organic carbon 
remineralization and methylated Hg 

Darwin	  simula6on:	  MITgcm	  
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Methylated Hg species highest in polar regions 
due to decreased light and temperatures 

Methylated	  Hg	  Concentra6on	  in	  the	  Upper	  10	  m	  of	  Seawater	  
pM	  

Zhang	  et	  al.,	  in	  prep.	  



Phytoplankton community composition drives 
MeHg at the base of the food web 



•  Human	  ac7vity	  has	  greatly	  enriched	  the	  ocean	  
in	  Hg	  

•  Timescales	  of	  response	  to	  remove	  that	  
perturba7on	  are	  long	  in	  the	  subsurface	  and	  
deep	  ocean	  

•  Climate	  driven	  changes	  are	  likely	  exacerba7ng	  
MeHg	  uptake	  at	  the	  base	  of	  marine	  food	  webs	  
through	  shi`s	  in	  global	  phytoplankton	  
distribu7ons	  
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Summary 


