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Modeling of the sea salt aerosol (SSA) bromide depletion: A standing conundrum
Ø Bromine radicals (BrOx ≡ Br + BrO) influence global tropospheric chemistry by depleting ozone and OH, and by

oxidizing elemental mercury, sulfur species, and volatile organic compounds.
Ø Observations typically indicate a 50% depletion of sea salt aerosol (SSA) bromide relative to seawater

composition, implying that SSA debromination could be the dominant global source of tropospheric bromine.
Ø However, BrO observations in the marine boundary layer (MBL) do not show large enhancements relative to the

free troposphere. Ozone in the MBL similarly do not show depletion that would be expected from high level of BrO.
Ø This has led recent global models to exclude SSA debromination as a source of reactive inorganic bromine (Bry).
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Model: 0.68 ± 0.24; Observation: 0.66 ± 0.32
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Impact of sea salt aerosol debromination on BrO 

BrO in the surface air: model results compared with observations

Modeling of sea salt aerosol debromination

Conclusions

No. Observed Simulated No. Observed Simulated

Ground-based observations Ship-based observations
1 < 2.0 0.63 7 ~ 1.0 0.91
2 < 0.7-1.5 0.73 8 < 1.0-3.6 1.9
3 < 0.3-2.5 1.3 Aircraft-based observations

4 < 2.0 0.89 9 0.26 ± 0.15 0.16
5 3.0 1.9 10 0.63 ± 0.74 1.8
6 2.5 ± 1.9 2.8 11 0.28 ± 0.16 1.0

Daytime BrO (ppt) in the marine boundary layer 

Ø The model is generally consistent with observations in
showing daytime BrO mixing rations in the range 0.5–2 ppt.

Ø The elevated marine surface BrO in winter time is because
of a combination of greater SSA emission and weaker
radiation (lower Br/BrO ratio).

Ø We show, through GEOS-Chem model simulations, that global observations of SSA debromination generating
bromine radicals can be reconciled with the relatively low observed BrO concentrations in the MBL.

Ø Bromine radical cycling is limited by fast conversion to HBr through reactions of Br atoms with aldehydes and the
heterogeneous HOBr + S(IV) reactions.

Ø The source of bromine radicals is mostly from SSA in the MBL, but from organobromines in the free troposphere.
Ø Inclusion of SSA debromination has a significant effect on tropospheric chemistry, lowering global tropospheric

annual mean ozone by 4.0% and OH by 2.3%.
Ø One outstanding issue is the model underestimate of free tropospheric BrO, driven by the HOBr + S(IV) reactions.

This work is published on ACPD (acp-2018-1239), we welcome discussions.

Ø The enrichment factor (EF) as a measure of SSA debromination.
Ø Bromine enrichment (EF > 1)

Ø Southern Ocean: high alkalinity and uptake of HBr on SSA
Ø Northwest coast of North America: large influx of Bry from SSA combined with the short lifetime of coarse SSA

Ø The model overestimates the observed EF over the Southern Ocean, which appears to reflect a seasonal bias.

Ø The largest impact is at extratropical latitudes in winter and spring due to a combination of higher SSA emissions
and more effective bromide recycling.

Ø The model low bias in the BrO column is mainly driven by the free troposphere, where SSA debromination plays
little role and the Bry source is mainly from organobromines.
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Results are from GEOS-Chem 
simulation for 2012. Rates are in Gg Br 
a−1, masses in the boxes are in Gg Br, 

and numbers in brackets are mean 
mixing ratios (ppt). Read 2.8(4) as 

2.8×104 Gg Br a−1. 


