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Halogens destroy tropospheric ozone, and thus OH
How relevant is halogen chemistry?
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Oxidation of long-lived gases by OH is mostly in tropics
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BrO comparison: GOME-2 with GEOS-Chem, p-TOMCAT

Satellite:

(Chance et al., 1998; Wagner et al., 2001; Richter et
al., 2002; Van Roozendael et al., 2002; Theys et al.,
2011)

Ground :

(Hendrick et al., 2007; Theys et al., 2007; Coburn et al.,
2011; Coburn et al., 2014, in prep.)
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Balloon:

(Pundt et al., 2002; Schofield et al., 2004, 2006;
Dorf et al., 2008)
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o GOME-2 observations
- GEQOS-Chem

Tronosnheric BrO Column (10" cm™2)

. = with air mass factor correction
MOdeIS == without HBr+HOBr
(Saiz Lopez et al., 2012; Parrella et al., 2012) — p-TOMCAT
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—in the tropics

Theys et al. [2011]

Halogens deplete the O; column by ~10% in the tropics (Saiz-Lopez et al., 2012)
Parrella et al. [2012]



CU-AMAX-DOAS instrument aboard NSF/NCAR GV

University of Colorado Airborne Multi-AXis Telescope pylon
Differential Optical Absorption Spectroscopy ‘&

Forward. slant PC104 MMQ (INS/GPS) + NIDAQ
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Trace Organic Gas Analyzer (TOGA)

VOCs: NMHCs (C3-C10), OVOCs (C2-C9), HVOCs

High selectivity GC/MS
2 minute continuous analyses of 50 VOCs

Semi-autonomous operation up to 50,000 ft
TORERO, DC3

TOGA on GV aircraft

Eric Apel

Alan Hills

Becky Hornbrook

Dan Riemer (U Miami)
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Instrument designed to
have very low limits of
detection (low — sub pptv)

CU AMAX - DOAS

Volkamer group

Parameters Detection limit* /
measured by Accuracy

CU AMAX-DOAS

BrO 0.3 ppt **

10 0.05 ppt

HCHO 100 ppt
CHOCHO 3 ppt

H,0 5 ppm (590nm)
NO, 10 ppt

0ocClo 0.7 ppt

HONO 12 ppt

Aerosol extinction 0.01-0.03 km!
from O,at 360, 477,

and 577nm

* 30 sec; ** 60 sec integration time

Forward

NADIR + 2x slant down (not sino@n)
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0:5 - = Scaled cross-section

d 41+ 04 pptv

B 0 5.0km, 13:01 UTC
I 0.9% 0.4 pptv

0.5 %03 pptv

0.2km, 17-40UTC
0.1+ 0.3 pptv

Measurement
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NH/SH tropics:
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BrO and IO detection SH tropical troposphere
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Vertical profiles & comparison with models
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Box-model: O
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e GEOS-Chem: underestimates BrO by a factor 2-4
e Box-model (organohalogens, aerosol SA) -> even less BrO
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Interim Conclusions

 BrO is detected reqularly above 2-4 km; BrO and
10 are abundant throughout the air column

— Consistent with the GOME-2 satellite, ground-based
MAX-DOAS data (Theys et al., 2011)

— ~8 times higher than direct-sun profiles (Dorf et al.)
— ~2-4 times more than predicted by models



Observatory, Hawaii
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0.3 ppt 60s integration time
IO 0.05 ppt Full scan: 27 min
HCHO 100 ppt Footprint: 20-80km depending
CHOCHO 3 ppt on aerosol load and wavelength
NO, 10 ppt Vertical profiles: ~3DoF
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Widespread BrO, 10, glyoxal, and NO,, in the FT

| e—RFO1
s RF0 2
RFO3
RFO5

RF17 prfl

10 20 30 40 50 25 50 75 100 125
mixing ratio [ppt] mixing ratio [ppt]

Chl-a < 0.02 mg/m?3

e Oligotrophic ocean: ~ 15 pptv (10-20 pptv)
e Mesotropic ocean: ~ 28 pptv (20-35 pptv)
e FT: 5-15 ppt (Eastern) and 3-10 ppt (Central Pacific — HEFT-10)
e Stratosphere: < 3 pptv — no signal is detectable

Ocean biology signature ?



Accounted source (%)
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Conclusions

e The TORERO mission was very successful — strong focus on
technological innovation

— first limb-observations of BrO and 10 in the tropics
— ~10-15 pptv Br, in the tropical UTLS

— What s the Br, content in the lower stratosphere, and how much
stratospheric éry reaches the UTLS?
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Glyoxal in particles: Field evidence

AL

Month (1987-1988, Alert)

Arctic aerosol: Alert

Peak in early spring

Few weeks earlier than diacids
3-4 times more GLY than MGLY

Alert: Kawamura et al., 1996
Mexico City: Volkamer et al., 2007
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Mean CHOCHO total columns (molec/em?) - 2007-

Glyoxal i1s a ubiquitous product of
anthropogenic and biogenic/marine
precursors, and found in aerosols

Marine aerosol: Hokkaido Island

GLYg =42 ng/m3 (18 ppt)
P/(P+G)=0.46

Marine: Matsunaga and Kawamura, 2004
Biogenic (Hyytiald): Kampf et al., 2012

Continental (Tibet): Meng et al., 2013 Southern Hemisph.: Rinaldi et al., 2811
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