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Public Health Context
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Critical exposure pathway: methylmercury from fish consumption

Widespread fish consumption advisories
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Uncertainties, but mercury toxicity relatively well unferstood
Awell-documented tragedies: (a) Minimata (Japan) ~1930 to ~1970; (b) Basra (Iraq), 1971
Apldemlologlcal studies, e.g., (a) Seychelles; (b) Faroe Islands; (c) New Zealand
Anethylmercury vs. Omega-Illl Fatty Amdsw

Aelenlum i protective role?
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At current exposures, risk to large numbers of fetuses/infants
——

+ Wildlife Health Issues

e.g., fish-eating birds
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Di fferent Aformso

of mercury in the Elemental Mercury -- Hg(0)

atmosphere Amost of total Hg in atmosphere
Anot very water soluble
Adoesnodt easily dry or wet dep

. Aupward evasion vs. deposition
* Aatmos. lifetime approx ~ 0.51 yr

Aglobally distributed

Aoperationally defined AHg compounds in/on atmos particles
Averywat er sol ubl e nd f$ tAspecieylargely unknown (HgO?)
Aatmos. lifetime <= 1 week ". o ®E 8 Ratmos. lifetime approx 1~ 2 weeks
Alocal and regional effects Alocal and regional effects
Abioavailable Abioavailability?

Atmospheric
methyl-mercury?
Reactive Gaseous Mercury- RGM Particulate Mercury -- Hg(p)
Aa few percent of total atmos Hg Aa few percent of total atmos Hg
Aoxidized Hg (HgCl2, others) e .N Anot pure particles of mercury
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Atmospheric Mercury Fate Processes

- Elemental Mercury [Hg(0)]

............................................ B Hg(1), ionic mercury, RGM
i Upper atmospherlc R Polar sunrise B Particulate Mercury [Hg(p)]
halogen-mediated Amercury deplietion eventso

oxidation?

Vapor phase: Hg(ll) reduced to Hg(0)

by SO, and sunlight

Hg(0) oxidized to RGM Hg(p) __ @m0 Adsorption/
and Hg(p) by 03’ H202’ EEEEEEEEEEEEEEEEER :::::::::::f desorption
Cl,, OH, HCI WP of Hg(ll) to
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Hg(0) oxidized to dissolved
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HOCI, OCI-
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Anthropogenic
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Multi-media interface Wet deposition
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and natural mercury
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(Evolving Atmospheric Chemical Reaction Scheme for Mercury

Reaction Rate Units Reference
GAS PHASE REACTIONS
Hg® + O; - Hg(p) 3.0E-20 cm3/molec-sec Hall (1995)
Hg® + HCI - HgCl, 1.0E-19 cm3/molec-sec Hall and Bloom (1993)
Hg® + H,0,- Hg(p) 8.5E-19 cm3/molec-sec Tokos et al. (1998) (upper limit
based on experiments)
Hg® + Cl, - HgCl, 4.0E-18 cm3/molec-sec Calhoun and Prestbo (2001)
Hg® +OH - Hg(p) 8.7E-14 cm3/molec-sec Sommar et al. (2001)
Hg® + Br - HgBr,
AQUEOUS PHASE REACTIONS
Hg? + O;- Hg*? 4. 7E+7 (molar-sec)? Munthe (1992)
Hg® + OH - Hg*? 2.0E+9 (molar-sec)? Lin and Pehkonen(1997)
HgSO, - Hg° T*e((81.971*T)-12595.0)T)  ggc-1 Van Loon et al. (2002)

[T = temperature (K)]

Hg(ll) + HO,- Hg° ~0 (molar-sec)? Gardfeldt & Jonnson (2003)
Hg® + HOCI - Hg*? 2.1E+6 (molar-sec)? Lin and Pehkonen(1998)
Hg® + OCIt- Hg*? 2.0E+6 (molar-sec)? Lin and Pehkonen(1998)
Hg(l) &  Hg(l) soo 9.0E+2 liters/gram; eglbrm: Seigneur et al. (1998)

t = 1/hour rate: Bullock & Brehme (2002).
Hg*? +hv - Hg° 6.0E-7 (sec)! (maximum) | Xiao et al. (1994);

Bullock and Brehme (2002)
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(Evolving) Atmospheric Chemical Reaction Scheme for Mercury

Reaction Rate Units Reference
GAS PHASE REACTIONS
Hg® +O; — Ha({p) 3.0E-20 cmi/molec-sec Hall {1995)
Hg® +HCI — HgCl, 1.0E-19 cm3/molec-sec Hall and Bloom (1993)
Hg® +H,0, > Hyg(p) 8.5E-19 cm3/molec-sec Tokos et al. (1998) (upper limit
based on experiments)
Hg® + Cl, » HgCl, 4.0E-18 cm3/molec-sec Calhoun and Prestbo (2001)
Hg? +OH — Hg(p) 8.7E-14 cm3/molec-sec Sommar et al. (2001)
Hg® + Br — HgBr,
AQUEOUS PHASE REACTIONS
Hg® + O; —» Hg*? 4. 7E+7 {molar-sec)’ Munthe (1992)
Hg? + OH —» Hg*? 2.0E+9 {molar-sec)’ Lin and Pehkonen(1997)

HgSO; » Hg?

T*el(31.971°T)-12595.00T) gec-'
[T = temperature (K)]

Van Loon et al. (2002)

Hg(ll) + HO, —» Hg° ~0 (molar-sec)’ Gardfeldt & Jonnson (2003)
Hg? + HOCI — Hg*2 2.1E+6 (molar-sec)’ Lin and Pehkonen{(1998)
Hg? + OCI' — Hg*2 2.0E+6 (molar-sec)’ Lin and Pehkonen{(1998)
Hg(ll) < Hg(ll) o0 9.0E+2 liters/gram; eqlbrm: Seigneur et al. (1998)
t = 1/hour rate: Bullock & Brehme {2002).
Hg*2 + hv - Hg? 6.0E-7 (sec)! (maximum) | Xiao et al. (1994);
Bullock and Brehme (2002)




NOAA

HYSPLIT Lagrangian Puff Atmospheric Fate and Transport Model
MODEL
0 1 2
TIME (hours) 3 3 S I
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Over the entire modeling period
(e.g., one year), puffs are released
at periodic intervals
(e.g., once every 7 hours).

Each released puffis advected and
dispersed, and the pollutant within
the puff is transformed and deposited.
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Release at Time = 1

| Release at Time = 8




Why are emissions speciation dataand potential
plume transformations -- critical?

100

B Hg(1) emit I Hg(0) emit
O Ha(p) emit

10

0.1

deposition flux (ug/m2-yr) for
hypothetical 1 kg/day source

0.001

0-15 15- 30 30 - 60 60 - 120 120 - 250
distance range from source (km)

Logarithmic

NOTE: distance results averaged over all directions i
Some directions will have higher fluxes, some will have lower



Why Is emissions speciation information critical?
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deposition flux (ug/m2-yr) for
hypothetical 1 kg/day source
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Why Is emissions speciation information critical?

Logarithmic

Linear

deposition flux (ug/m2-yr) for
hypothetical 1 kg/day source

deposition flux (ug/m2-yr) for
hypothetical 1 kg/day source
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' The fraction deposited and the deposition flux are both important,

ibut
' The

Cumulative Fraction Deposited Out to Different Distance Ranges from a Hypothetical Source

they have very different meaningséi
fraction deposited nearby can be r§e|
the area iIis also small, and the rela
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0 500 1000 1500 2000 2500 3000

distance range from source (km)

Source at Lat = 42.5, Long = -97.5; simulation for entire year 1996 using archived NGM meteorological data
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Annual deposition summary for emissions of
elemental Hg from a 250 meter high source
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Hypothetical emissions source at lat = 42.5, long = -97.5;
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simulation for entire year 1996 using archived NGM meteorology (180 km resolution)



Annual deposition summary for emissions of
particulate Hg from a 250 meter high source
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simulation for entire year 1996 using archived NGM meteorology (180 km resolution)



Annual deposition summary for emissions of
ionic Hg from a 250 meter high source
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Hypothetical emissions source at lat = 42.5, long = -97.5;
simulation for entire year 1996 using archived NGM meteorology (180 km resolution)
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