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Emissions of seasalt aerosols and biogenic gases from the ocean surface are the largest sources of halogenated compounds to the atmosphere. The ocean is also a sink for some halogenated compounds whose budgets are impacted by human activities. The oceans are fertilized by nutrients deposited from the atmosphere where their chemical form can be changed by processes involving halogens.

Seasalt production flux and gas transfer coefficients are strong functions of wind velocity. Consequently, exchange fluxes and atmospheric concentrations of some halogen compounds are highly sensitive to variability in global wind fields. 

In contrast to CFCs, whose inertness gives them long atmospheric lifetimes and significant global warming potentials, short-lived "active" halogen compounds derive their climate relevance indirectly by affecting the cycling and lifetimes of radiatively active gases, sulfur gases (and their conversion to aerosols and cloud condensation nuclei (CCN)), organic compounds and fixed nitrogen in the troposphere. To the extent that UV penetration into the troposphere is a climate variable, contributions by halogen compounds of intermediate lifetime (months) to equivalent chlorine in the stratosphere must be considered as well. The following paragraphs briefly summarize these phenomena and highlight some key unknowns.

Marine boundary layer halogen radical chemistry. Investigations of surface marine air in the Arctic and at lower latitudes over the past decade have provided compelling evidence that halogen radical chemistry significantly influences the composition of the MBL. Atomic halogens (primarily Br and perhaps I) destroy substantial ozone in some regions and thereby impact oxidizing efficiency and the corresponding lifetimes of other important MBL constituents. Atomic Cl efficiently oxidizes many alkanes, including methane (CH4), which influences net O3 production through subsequent reactions. The overall atmospheric lifetime of CH4 may be shortened by roughly 10% relative to a no-Cl case, which would influence its global warming potential.  Cl atoms and BrO are also important oxidants for dimethylsulfide ((CH3)2S), which may accelerate S cycling and affect aerosol radiative forcing. Although potentially quite important, details of many chemical pathways involving halogen radical chemistry in marine air are uncertain. Consequently, the overall influence of these processes and their possible feedbacks on the upper ocean remain very poorly constrained. Reliable predictive capability does not currently exist.

Seasalt–hydrogen chloride interactions and CCN production. Deliquesced seasalt aerosol is a large and rapidly cycling reservoir of liquid water in the MBL. The phase partitioning of hydrogen chloride (HCl) between gas and seasalt aerosol buffers the aerosol solutions and regulates important pH-dependent chemical transformations occurring in them. For instance, it is well known that sulfur dioxide (SO2) is converted to sulfuric acid (H2SO4) both in the gas phase and in aerosols and cloud droplets. Only H2SO4 molecules produced in the gas phase can nucleate into new "sulfate" aerosols, which can eventually grow and can become CCN. H2SO4 molecules produced in condensed phases can only increase the S content and size of existing aerosols (making them more likely to become CCN) and droplets. Recent model studies suggest that the efficient oxidation of S by hypochlorous acid (HOCl) in moderately acidic seasalt solutions may shift this competition in favor of the condensed phase, thereby limiting production of new sulfate aerosols and CCN. Observations are needed to assess the importance of this hypothesized oxidation pathway and to quantify the amounts of S processed in gas versus condensed phases over the oceans.

It should be noted as well that seasalt aerosols are themselves excellent CCN. They can contribute significantly to CCN populations over the Southern Ocean where seasalt aerosol production is high relative to S sources. Measurements are needed to determine their importance elsewhere.

Seasalt–hydrogen chloride interactions and the nitrogen cycle. Buffering resulting from HCl phase partitioning affects the phase partitioning of nitrate/nitric acid and ammonium/ammonia in the MBL and, in turn, the deposition flux of these fixed nitrogen compounds to the ocean surface. This deposition flux may be a significant nitrogen source for marine biota especially in polluted coastal areas.
· Marine halogen compounds and stratospheric ozone. Because O3 attenuates the UV radiation flux through the atmosphere, change in the production and delivery of halogens to the upper troposphere and lower stratosphere could alter the UV spectrum through the troposphere down to the surface. Currently methyl bromide (CH3Br) and methyl chloride (CH3Cl) contribute about 25% of the equivalent chlorine to the stratosphere and, consequently, exert significant control on stratospheric O3. Any increase in the atmospheric burden of these gases, particularly CH3Br, will offset the effect of anthropogenic CFC declines achieved through the Montreal Protocol and its subsequent amendments. For example, less than a 0.5 pptv (5%) increase in the atmospheric burden of CH3Br could reverse the current downward trend in the atmospheric burden of these O3–depleting gases.  The oceans are currently thought to be both sources and sinks for atmospheric CH3Br and CH3Cl.  Globally averaged, approximately 80 Gg yr-1 of atmospheric CH3Br is taken up by the ocean while 46 Tg yr-1 of CH3Cl is emitted to the atmosphere. Recent budget estimates imply missing sources of about 60 Gg CH3Br yr-1 and 1.4 Tg CH3Cl yr-1 are required to balance sinks totaling about 200 Gg CH3Br yr-1 and 2.8 Tg CH3Cl yr-1, respectively. Most terms in these budgets are uncertain by factors of 2 or more.

In addition, shorter-lived organic (e.g., CH2Br2, CH3I) and inorganic (e.g., Br2, BrCl, Cl2, BrO, ClO, IO) halogen compounds are emitted directly from the ocean to the atmosphere, produced indirectly via photochemical transformation of precursor species, or produced by chemical processes involving sea salt aerosol in the MBL. These compounds can be mixed efficiently by deep convection (especially in the tropics) to the upper troposphere and lower stratosphere and contribute to O3 destruction in those regions. Thus, climatically driven changes in either the emission/production fluxes of these compounds or in deep convection could significantly impact tropospheric and stratospheric O3.

