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Public Health Context

Ç Methyl-mercury is a developmental neurotoxin -- risks to fetuses/infants

Ç Uncertainties, but mercury toxicity relatively well understood

Åwell-documented tragedies:  (a) Minimata (Japan) ~1930  to ~1970; (b) Basra (Iraq), 1971

Åepidemiological studies, e.g.,  (a) Seychelles;  (b) Faroe Islands; (c) New Zealand

Åmethylmercury vs. Omega-III Fatty Acids

Åselenium ïprotective role?

Ç Cardiovascular toxicity might be even more significant (CRS, 2005)

Ç At current exposures, risk to large numbers of fetuses/infants

+ Wildlife Health Issues
e.g., fish-eating birds

Ç Critical exposure pathway: methylmercury from fish consumption

Ç Widespread fish consumption advisories



Elemental Mercury -- Hg(0)

Åmost of total Hg in atmosphere

Ånot very water soluble

Ådoesnôt easily dry or wet deposit

Åupward evasion vs. deposition 

Åatmos. lifetime approx ~ 0.5-1 yr

Åglobally distributed

Particulate Mercury -- Hg(p)

Åa few percent of total atmos Hg

Ånot pure particles of mercury

ÅHg compounds in/on atmos particles

Åspecies largely unknown (HgO?)

Åatmos. lifetime approx 1~ 2 weeks

Ålocal and regional effects

Åbioavailability?

Reactive Gaseous Mercury -- RGM

Åa few percent of total atmos Hg

Åoxidized Hg (HgCl2, others)

Åoperationally defined

Åverywater soluble and ñstickyò

Åatmos. lifetime <= 1 week

Ålocal and regional effects

Åbioavailable

Atmospheric 

methyl-mercury?

Different ñformsò 

of mercury in the 

atmosphere
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Source Attribution for Deposition?



CLOUD DROPLET
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Reaction Rate Units Reference

GAS PHASE REACTIONS

Hg0 + O3 ­ Hg(p) 3.0E-20 cm3/molec-sec Hall (1995)

Hg0 + HCl ­ HgCl2 1.0E-19 cm3/molec-sec Hall and Bloom (1993)

Hg0 + H2O2­ Hg(p) 8.5E-19 cm3/molec-sec Tokos et al. (1998) (upper limit 

based on experiments)

Hg0 + Cl2­ HgCl2 4.0E-18 cm3/molec-sec Calhoun and Prestbo (2001)

Hg0 +OH ­ Hg(p) 8.7E-14 cm3/molec-sec Sommar et al. (2001)

Hg0 + Br ­ HgBr2

AQUEOUS PHASE REACTIONS

Hg0 + O3­ Hg+2 4.7E+7 (molar-sec)-1 Munthe (1992)

Hg0 + OH ­ Hg+2 2.0E+9 (molar-sec)-1 Lin and Pehkonen(1997)

HgSO3­ Hg0 T*e((31.971*T)-12595.0)/T)    sec-1

[T = temperature (K)]

Van Loon et al. (2002)

Hg(II)  + HO2­ Hg0 ~ 0 (molar-sec)-1 Gardfeldt & Jonnson (2003)

Hg0 + HOCl ­ Hg+2 2.1E+6 (molar-sec)-1 Lin and Pehkonen(1998)

Hg0 + OCl-1­ Hg+2 2.0E+6 (molar-sec)-1 Lin and Pehkonen(1998)

Hg(II)   ª Hg(II) (soot) 9.0E+2 liters/gram;

t = 1/hour

eqlbrm: Seigneur et al. (1998)

rate: Bullock & Brehme (2002).

Hg+2 + hv­ Hg0 6.0E-7 (sec)-1 (maximum) Xiao et al. (1994); 

Bullock and Brehme (2002)

(Evolving) Atmospheric Chemical Reaction Scheme for Mercury

?

?

?
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Dry and wet 

deposition of 

the pollutants 

in the puff are 

estimated at 

each time step.

The puffôs mass, size, 

and location are 

continuously trackedé

Phase partitioning and chemical 

transformations of pollutants within the 

puff are estimated at each time step

= mass of pollutant

(changes due to chemical transformations and 

deposition that occur at each time step)

Centerline of 

puff motion 

determined by 

wind direction 

and velocity

Initial puff location 

is at source, with 

mass depending 

on emissions rate

TIME (hours)

0 1 2

deposition 1 deposition 2 deposition to receptor

lake

Lagrangian Puff Atmospheric Fate and Transport Model
NOAA 

HYSPLIT

MODEL
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Why are emissions speciation data - and potential 

plume transformations -- critical?

NOTE: distance results averaged over all directions ï

Some directions will have higher fluxes, some will have lower
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Why is emissions speciation information critical?
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Why is emissions speciation information critical?
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Source at Lat = 42.5, Long = -97.5; simulation for entire year 1996 using archived NGM meteorological data

Cumulative fraction deposited out to different distance ranges from a hypothetical sourceCumulative Fraction Deposited Out to Different Distance Ranges from a Hypothetical Source

The fraction deposited and the deposition flux are both important, 

but they have very different meaningsé

The fraction deposited nearby can be relatively ñsmallò, 

But the area is also small, and the relative deposition flux can be very largeé 
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