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Abstract. Very short-lived halocarbons are significant with that given in the 2002 and 2006 Scientific Assessments
sources of reactive halogen in the marine boundary layerpf Ozone Depletion (Ko and Poulet, 2003; Law and Sturges,
and likely in the upper troposphere and lower stratosphere2007); it differs from the definition of “short-lived gases” in
Quantifying ambient concentrations in the surface ocean anthe 1998 Ozone Assessment (Kurylo and Rogriguez, 1999),
atmosphere is essential for understanding the atmospheriwhich used one year as an upper limit and included methyl
impact of these trace gas fluxes. Despite the body of literoromide. We understand that there are other definitions of
ature increasing substantially over recent years, calibratiorishort-lived” and “very short lived” gases with much shorter
issues complicate the comparison of results and limit thelifetimes (e.g. Olsen et al., 2000), but using definitions hav-
utility of building larger-scale databases that would enableing upper limits of a few months or less, while covering many
further development of the science (e.g. sea-air flux quangases of interest, would exclude several gases likely involved
tification, model validation, etc.). With this in mind, thirty- in stratospheric ozone depletion, e.g., B, and which are
one scientists from both atmospheric and oceanic halocarbonot necessarily well distributed in the atmosphere.
communities in eight nations gathered in London in Febru- Very short-lived halocarbons have been implicated as sig-
ary 2008 to discuss the scientific issues and plan an internificant sources of reactive halogen in the marine boundary
national effort toward developing common calibration scaleslayer and in the upper troposphere and lower stratosphere.
(http://tinyurl.com/c9cg58 Here, we discuss the outputs In the marine boundary layer, inorganic bromine (Br) and
from this meeting, suggest the compounds that should be taiiodine (I), which are involved in free radical chemistry, orig-
geted initially, identify opportunities for beginning calibra- inate in part from their organic counterparts and influence
tion and comparison efforts, and make recommendations fotropospheric oxidation capacity via a number of reaction cy-
ways to improve the comparability of previous and future cles. These include catalytic ozonezj@estruction (Read et
measurements. al., 2008); modification of NQ(Sander et al., 1999; Pszenny
et al., 2004) and HQ(Stutz et al., 1999; Bloss et al., 2005;
Sommariva et al., 2006) cycles with resulting effects on life-
times of other climatically important trace gases; oxidation
of DMS (von Glasow et al., 2004); and oxidation of S(IV)
For this discussion, we consider very short-lived halocar-In acidified sea salt aerosol and cloud droplets (Vogt et al.,
bons as those that have atmospheric lifetimes of less thah996)- In the lower stratosphere, Br dramatically accelerates

six months in the atmosphere. This definition is consistenth® chlorine-driven depletion of ozone. On a per-atom ba-
sis, Br is about 60 times more effective than chlorine in de-

pleting ozone (Law and Sturges, 2007). Longer-lived source

Correspondence tor. G. Bell gases alone cannot account for the total amount of inor-
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ganic bromine in the lower stratosphere (Dorf, 2005; Law

1 Introduction
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and Sturges, 2007) and it is becoming increasingly appareni g . +NOAA: Biast2,N. Allaic (1994)
that about 20—35% of the Br in the lower stratosphere derivess a A:"f’:iﬁi: ::-(:'c:::“v‘:z‘;”“’
from very short-lived halocarbons that are rapidly convected '
from the marine boundary layer (Kritz et al., 1993; Law and
Sturges, 2007). Chlorine (Cl) from very short-lived gases
presents fewer pressing issues, as its sources are primaril H
derived from longer-lived organic compounds, such as CFCs38 i LB E T
or CHsCl (stratosphere) and sea salt aerosol (troposphere)g 4. ¢ 4
However, Cl was not excluded from our discussion.

While atmospheric budgets for longer-lived, anthro- o
pogenic halocarbons are reasonably well constrained, quan § S5, 5%
tifying sources and sinks of very short-lived halocarbons is 2 A
challenging. The combination of short tropospheric life- S 10 2 30 40 50
times, seawater removal, and a variety of natural sources Latitude (°N)
leads to substantial variability in mixing ratios and fluxes.
Improving understanding of the contribution of these impor-
tant halogen sources to stratospheric and tropospheric chem

%, z AKiel: Subtropical N. Atlantic (March/April 04)
Q o | AKiel: Mauritanian upwelling (March/April '05)
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istry is in part limited by a lack of common calibration and . - = e
measurement comparisons among laboratories. This prob §s
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lem is further complicated because measurements of thes: &

gases are needed in both liquid and gaseous media. Thi
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origin of very short-lived halocarbons is primarily oceanic #y ,

and their consequences are atmospheric, so their study ha 2 ”M:“&‘ x 5 o0

involved two research communities, generally working sep- R o’ v .,*»’o»’o@’qu‘

arately. Thus, there is a need to develop calibration and £ . . , 0 afls 900 g0, : ,
comparison approaches that are well suited for both media, s 20 2 30 35 40 45 50

at part-per-trillion levels. The absence of a formal process Latitude (°N)

for ensuring comparability of measurements has precluded

or obscured the reliable, unbiased merging of data from dis—Fig' 1. Spatial and temporal variations in very short-lived trace gas

parate sources composition are highly variable in both the ocean and the atmo-

S | studies highliaht th iability i . sphere. This variability, combined with a diversity of measurement
everal studies higniig € variability In oceanic Concer"approaches, confounds our ability to discern actual differences from

trations and atmospheric flu_xes, W't_h reported values Vary'nganalytical ones. Consequently, the lack of a common calibration
by several orders of magnitude (Fig. 1). They also under-scale and on-going comparisons diminishes the value of combined
score the need for common calibration scales and a mechyata sets, in spite of the amount of data available. Selected examples
anism for direct comparison of analytical approaches. Ob-include(a) reported oceanic CHBrconcentrations (pM) in surface
served variations result, in part, from natural spatial and temwaters of the North Atlantic Ocean, which vary by orders of mag-
poral differences, but it is not always clear how much the dis-nitude (note log scale), an) atmospheric mole fractions GH
crepancies emanate from analytical or calibration dissimilar-(Ppt) in the marine boundary layer over the North Atlantic Ocean
ities. Without these distinctions, one cannot confidently dif- from 1994-2005. Without traceability, different investigators can-
ferentiate between spatial and temporal variability and Sys_not reliably determine that data yle_ldlng similar results are in actual
tematic offsets. Consistency of calibration is particularly im- agreement, much less have certainty that observed differences are

tant f - ts involvi ltiole i tigat d real. Figure la presents data from various sources: NOAA data
portant for experiments involving muttiple investigators an (closed blue diamonds and open red diamonds, Butler et al., 2007);

multiple platforms |n_wh|ch the principal aim is to quant|fy Kiel data (closed green triangles, Quack et al., 2004; closed black
fluxes of very short-lived source and product gases enteringiangles, B. Quack unpublished data, Meteor 60/5, 2004; closed
the upper troposphere. Despite an increasing volume of pubpurple triangles, Quack et al., 2007); and York data (closed red
lications and revealing results, calibration issues continue tGpots, Carpenter et al., 2009). Figure 1b presents data from NOAA
limit the ability of researchers to take full advantage of grow- (closed red diamonds and open green diamonds, Butler et al., 2007),
ing data sets. Combining data into a global dataset with-Kiel (open and closed purple dots, Richter, 2003) and NCAR/Miami
out reference to calibration could diminish the utility of the (blue diamonds, Quack et al., 2007).
database as a whole.

Seeking to address this issue, thirty-one scientists from
eight nations gathered in February, 2008, at the Novartis In-of very short-lived, volatile halocarbons. Discussions fo-
stitute in London (Appendix A). The aim was to plan an in- cused on determining the scope of the scientific need, iden-
ternational effort that would ensure traceability to commontifying which compounds should be targeted, identifying op-
calibration scales for oceanic and atmospheric measuremengmrtunities for beginning calibration and comparison efforts,
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and prescribing a way forward for improving the compara- Efforts to improve calibration and comparison efforts are

bility of measurements. underway and WMO is being sought as a host for these ac-

tivities. Interested investigators involved in the measurement

of very short-lived halocarbons and other related trace gases

should contact one of the authors for information on current

. . . . comparison activities. Alternatively, visit the Surface Ocean

Ensuring traceability and confidence in long-term records re- . : )
) e : ; — Lower Atmosphere Study (SOLAS) project integration

quires, at a minimum, extensive comparison among research . . X o

. : website for more informatiorhftp://tinyurl.com/4xwzpa

groups. Bi-lateral comparisons have been performed oc-

casionally during field studies, and the results of some of

these comparisons have led to increased interest in Ca"br‘%ppendixA

tion procedures. However, a broader, on-going comparison

is needed. It was recognized that initial efforts should fo- Scientists attending the Very Short-Lived

cus on the measurement of substances in air, as gases coylg,jocarbon Intercalibration Workshop, London, UK,

be stored for longer periods and are not subject to as manyggg

interferences as in a liquid medium. For the most part, inves-

tigators from both communities can measure the compounds Abrahmsson, Katrina ~ Chalmers University of Techdtéorg,

in air with existing apparatus. Participants agreed that initial , Sweden o

comparisons should focus on a few select species thought Atas, Elliot University of Miami, USA

h . . f . L Bell, Thomas University of East Anglia, Norwich, UK
to be the most important in terms of bromine and iodine Blake, Don University of California, Irvine, USA

2 Discussion

(CHBr3, CHzBr2, and CHl). This also takes advantage of  Butler, James NOAA Earth System Research Laboratory,
the fact that knowledge of stability in gas cylinders (at both USA
low and high pressures) is more mature for these gases. Ad- Carpenter, Lucy University of York, UK
ditional species such as GBIrCl, CH,ICl, and Chbl, could Hall, Brad l’J\lSO:A Earth System Research Laboratory,
aIs«_J bg measu.red, but_ th_elr stability in stored containers re- Harris, Neil University of Cambridge, UK
mains in question at this time. Hughes, Claire University of East Anglia, Norwich, UK
A comprehensive effort to ensure comparability of mea- Jjones, Charlotte University of York, UK
surements must include (1) a commonly used and well- Karlsson, Anders Chalmers University of Techgt€borg,
maintained reference scale for each gas, (2) a mechanism Sweden o
for participating laboratories to trace measurements to those -aube, Johannes Frankfort University, Germany
. . Maione, Michela University of Urbino, Pesaro, Italy
scales, and (3) rqutlne e>.<ch'ang'e of flasks of air, whether Martino. Manuela University of East Anglia, Norwich, UK
through round-robins or distribution of samples from batch iiton, Martin National Physical Laboratory, Teddington,
preparations. It was also suggested that periodic intensive UK
studies involving a large number of investigators would be Moore, Bob Dalhousie University, Halifax, Canada
critical to addressing the comparability of measurements Morin, Pascal Station Biologique de Roscoff, France
made in both air and water. Nightingale, Phll PIy_mout_h Marln_e Laboratory, UK
. O’Doherty, Simon University of Bristol, UK
Although there are at least three Iaborator!es_(NOAA_E_arth Oram, David University of East Anglia, Norwich,
System Research Laboratory Global Monitoring Division, UK
Scripps Institution of Oceanography, and University of Mi-  Quack, Birgit IFM-GEOMAR, Keil, Germany
ami) that maintain scales or references for these gases, thereRaimund, Stefan Station Biologique de Roscoff, France
is no existing source of funding to initiate the activities Scholer, Heinfried Heidelberg, Germany

: . Schulz-Bull, Detlef University of Heidelberg, Germany
needed for this process. Current efforts, then, are subject Sive, Barkley University of New Hampshire, USA

to ad-hoc comparisons initiated by individual investigators, gmythe-wright, Denise  National Oceanography Centre,

which is an improvement over not comparing at all, but short Southampton, UK
of what is needed to support coherent global data. In the end, Von Glasow, Roland University of East Anglia, Norwich, UK
the community needs to find a home for this coordination ef- Warwick, Nicola University of Cambridge, UK

fort. The WMO Global Atmosphere Watch program hosts WVeiss, Ray University of California, San Diego, USA

. . Williams, Jonathan Max Planck Institute for Chemistry,
scientific advisory groups for greenhouse gases, ozone, reac- Mainz, Germany
tive gases, aerosols, and precipitation ChethW- The WMO ' yokouchi, Yoko National Institute for Environmental
advisory groups work with the atmospheric community to es- Studies, Ibaraki, Japan

tablish calibration centres, measurement guidelines, and co-
ordinating assistance, so that future participants can ensurécknowledgementsThe workshop held at the Novartis Institute,

Unfortunately, naturally-occurring, very short-lived halocar- E:e Sl‘\ﬁ‘ptportl ?_:f the SOL?SRInternart]iogal Pr_c;je(c;\tlE(I)?fgc):etr(llPO);}
: : e Natural Environment Research Counci roug
bons do not it neatly into any of the current groups. UK-SOLAS Knowledge Transfer funds; and the European Science
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