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MODELING THE ATMOSPHERIC FORMATION OF REACTIVE MERCURY IN FLORIDA AND THE GREAT LAKES

Background

Mercury is one of the most toxic substances in nature and is a potential source of
damage in ecosystems, ultimately affecting human health through the food chain.
Mercury is introduced to ecosystems through a process that typically involves
atmospheric transport and photochemical processing, followed by wet and/or dry
deposition.

Atmospheric mercury consists of three forms:

* elemental mercury (Hg0) (with direct emissions, a 1-year atmospheric
lifetime and global distribution)

¢ reactive mercury (RHG) (with direct emissions, rapid wet and dry deposition,
and a 5-day atmosheric lifetime)

¢ particulate mercury (Hgp) (which rapidly interchanges with RHG).

Sources of reactive mercury: Reactive mercury is photochemically produced
from HgO through gas-phase and aqueous reactions with OH, O,, chlorine,
bromine and sulfate. Reactive mercury is also emitted directly into the
atmosphere, typically through large point sources.

Mercury in south Florida: South Florida has some of the highest wet deposition
of mercury to be found in North America. It is unclear to what extent the

high deposition rate in south Florida is due to local emission or RHG, and to
what extent it is due to photochemical transformation of HgO from the global
background.

Model

Modeling uses a modified version of the Community Model for Air
Quality (CMAQ) developed at the University of Michigan.

Integrated gas- and aqueous-phase photochemistry: The original CMAQ (Byun
and Ching, 1999) calculates gas-phase and aqueous chemistry separately and
includes interactions between gas and aqueous phase only on a time scale of 1
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Measurements

Measurements of Hg0 and RHG were made by aircraft in South Florida during
the month of June, 2000, including measurements over rural areas and over the
adjacent Atlantic Ocean, at heights up to 4000 m.
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Figure 2. Total reactive mercury (picograms/

m?) versus altitude (km) from aircraft-based
measurements over south Florida and the adjacent
Atlantic Ocean during June, 2000 (X’s). The solid
line shows model values for June 12, 2000

Aircraft measurements were made
over south Florida and the adjacent
Atlantic Ocean throughout the
month of June. Measured values

Figure 5. Model correlation between elemental (Hg0) Scena,rlos Wlth and Wlthou,t
and reactive mercury (RHG, both in picograms/m?) at chemistry. This peak ambient
3000 m., Florida and adjacent Atlantic Ocean, June 12, | RHG (50 pg/m?) is associated
2.000 at 4 pm. The X’s represent the sta.mda.rd scenario | with direct emissions.
(including both gas and aqueous chemistry). The pink
squares represent a scenario with gas-phase chemistry
only. Green circles represent a scenario with no
chemistry (emissions, deposition and transport only).
Each point represents an individual model location.

Correlations between RHG and
other species: No clear correlation
is found between RHG and other

below 1 km are 5-40 pg/m®, a range
that is consistent with measurements. Measurements are 60-250 pg/m®. Model
values correspond to the lowest range of measurements.

The model does not explain the occasional very high RHG (>200 pg/m3) found
by the aircraft measurements.
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The chemical mechanism includes:

variation in RHG, with frequent high (40-60 pg/
m?) and low (5-20 pg/m3) values. For the modeled
episode, the highest RHG occurs over the Atlantic
Ocean (Figure 3).
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Figure 1. Domain for south Florida model run.
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Figure 4. Altitude of the lowest cloud layer (m) over
Florida and the adjacent Atlantic Ocean on June 12,
2000. A value of zero represents no clouds

This is illustrated with two model
scenarios: (i) a scenario which
includes gas-phase chemistry only,

and (ii) a scenario with no chemistry (emissions, transport and deposition only).
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Figure 6. Model correlation betweenH,O, (ppb) and
reactive mercury (RHG, picograms/m?) at 3000 m.,
Florida and adjacent Atlantic Ocean, June 12, 2000

at 4 pm. The X’s represent the standard scenario
(including both gas and aqueous chemistry). The pink
squares represent a scenario with gas-phase chemistry

Conclusions

Preliminary results suggest that RHG in Florida is affected by both chemical
production (derived primarily from global background elemental Hg) and by local
direct emission of RHG.

Model results predict higher RHG concentrations at 3000 m. than within the
boundary layer. Aircraft measurements in south Florida also showed higher
concentrations at higher elevations. However, the increase in RHG with altitude
was higher in the measurements than in the model. The model also cannot predict
the measured peak RHG (200 pg/m3), which was found at 3000 m.

No significant correlations were found between RHG and other species in the
model (including SOx, NOy, O3 and CO) which might have provided evidence
for the source of RHG. A weak correlation was found between RHG and H,O,.
This correlation is associated with photochemical production of RHG, but the
correlation is weaker when RHG has been affected by aqueous reactions.

Future activities and critical issues

The model is being expanded to include (i) Bromine chemistry and (ii) particulate Hg.

A future scenario will test for the impact of the reaction of RHG with aqueous HO,
and with O,". This reaction is a major channel for converting RHG back to Hg0.
Recently Gartfeldt et al. (2003) questioned whether this reaction is valid.

Correlation patterns are being sought that would help to distinguish chemically
produced RHG from directly emitted RHG.
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