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Abstract. Inorganic iodine plays a significant role inthe pho- 1 Introduction

tochemistry of the marine boundary layer, but the sources and

cycling of iodine are not well understood. We report the first =~ ) . . :

I> observations in marine air that is not impacted by coastaIIOd'r_]e n th(_':' marine atmosph_ere IS uIt|matfaIy_der|ved f_rom
macroalgal emissions or sea ice chemistry. The data clearl{"® iodide, lodate, and organically bound iodine contained

demonstrate that the very high levels previously reported n seawgter. lodine e_mltted from th_e sea sur.face under-
for coastal air are not representative of open ocean condigoes rapid photochemical transformations involving both gas

tions. In this study, gas phasgWwas measured at the Cape phase and heterogeneous reactiovsy( et al, 1999 von

Verde Atmospheric Observatory, a semi-remote site in theGI‘"‘lSOW 2003 Saiz-Lopez et al.2008. lodine chemistry

eastern tropical Atlantic, using atmospheric pressure chem®@" pptennally mﬂuenpe climate through the catalytu_: de-
ical ionization tandem mass spectrometry. Atmospheric | struction of tropospheric ozone and through the formation of

levels typically increased beginning at sunset, leveled off af_aerosols, but the mechanisms and .magmt'udes of these pro-
ter midnight, and then rapidly decreased at sunrise. Ther&esses are not fully understood. l\./lar.lne iodine chem|§try also
was also a smaller midday maximum in that was prob- Impacts human health. The emissions, atmospheric trans-
ably caused by a measurement artifact. Ambiernmixing port, and dep03|t_|on _O_f marine lodine to the Ia_nd surface in-
ratios ranged from<0.02—0.6 pmol mai® in May 2007 and fluences the availability of t.h|s essen_nal nutrlemm.nson .
<0.03-1.67 pmol mal® in May 2009. The sea-air flux im- 2003 and references therein). Reactive forms of inorganic

plied by the nighttime buildup oflis too small to explain the iodine may co'ntrlbute .to' the conver3|on'of elemental mer-
cury to bioavailable oxidized states, posing a hazard to hu-

observed daytime 10 levels at this site. lodocarbon measure= )
ments made in this region previously are also insufficient tonan and ecosystem healtBiafz-Lopez et a].2008 Raofie
explain the observed 1-2 pmol mélof daytime 10. The ob- etal, .200& . . .
servations imply the existence of an unknown daytime sourcef lodine can be emitted from the sea surfac;e in several dif-
of gas phase inorganic iodin@arpenter et a(2013 recently ere'nt forms. It has been known for some time thatde-
proposed that sea surface emissions of HOI are several timé%os'teol to the sea surface can react within the surface

larger than the flux ofa. Such a flux could account for both seaw;lter tg releasg. ! Ra(;es of 4 r;‘ejljeziaﬁse flrom th;s _plro-
the nighttime $ and the daytime 10 observations. cess have been estimated at arou moeccnt=s =,

or 2.9nmolnr2d-! (Garland and Curtjs1981). More re-
cent laboratory and modeling work has considered the re-
lease of HOI from this process as well, yielding estimates of
daytime fluxes of 100 nmolnfd=! and 10 nmolm?d-1
for HOI and b, respectively Carpenter et al.2013. That
represents an increase of roughly 20 times the inorganic |
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atom flux relative to what was previously thought. Becauseemissions. Long path DOAS measurements of 10 on Cape
I~ is ubiquitous in the surface ocean, this process must ocVerde found daytime 10 levels of 1-2 ppt, which are suffi-
cur globally and could therefore account for a flux of ele- cient to contribute significantly to ozone destructidtead
mental | on the order of 2 Tgy. Certain species of coastal et al, 2008. The source of reactive iodine at CVAO remains
macroalgae directly emit copious quantities gf particu-  an open questionlones et al(2010 measured air-sea di-
larly while under oxidative stressSiz-Lopez and Plane halomethane fluxes in open ocean and upwelling Atlantic
2004 Dixneuf et al, 2009 McFiggans et a.2004 Palmer  waters near Cape Verde. They observed iodocarbons in these
et al, 2005. In the open ocean, planktonic algae may alsowaters at levels too low to account for the observed IO at
release 4, but the open ocean emission rate is not knownCVAO and proposed that a large flux might account for
(Amachi et al, 200Q Jones et al2010. Organoiodide com- the discrepancy. Using a 1D box model, they incorporated
pounds such as Gith and CHCI}p are also emitted from the a constantd flux large enough to achieve the IO levels ob-
sea surface. These gases are formed in seawater as a ressdrved at Cape Verde. This resulted in nighttiméevels of

of the interaction of HOI and/or,lwith dissolved organic  up to 7 pmol mot?. Mahajan et al(2010 used the same ob-
matter, likely as a result of ozonolysislartino et al, 2009. servations and a different vertically resolved model with an
These compounds are rapidly photolyzed, in some cases rd» source which was allowed to vary. They concluded that
leasing | atoms on timescales of minutes in the daytime maan additional MBL source oflmay be required to explain
rine boundary layerMartino et al, 2005. The most abun- the observed IO levels, but that the source may have a strong
dant and longest-lived organoiodide compound, methyl io-diel cycle Mahajan et al.2010. Mahajan et al(2012 ob-
dide, has a photolysis lifetime of several days. The globalserved slant column IO densities corresponding to roughly
| release attributed to organoiodides is on the order of 0.4-1 pmol mol-! during shipboard measurements in the eastern
1Tglyr 1, with CHsl dominating (ones et a].201Q and Pacific.

references therein). A detailed review of marine iodine gas In this manuscript we report nighttime levels of gas phase

production mechanisms is found8aiz-Lopez et a2012. I> at Cape Verde during measurement campaigns over three
Once formed in air, iodine atoms can initiate catalytic weeks in May—June 2007 and one week in May 2009. The

ozone destruction cycles such as those below: only other reported observations efih marine air have been

| +03— 10+ 0, 1) conducted in regions influsnced by emissions fror_n coastal

macroalgae or by,lproduction on sea ice surfacdsirfley

10 +HOz — HOI + O, (2)  and Saltzmare008 Saiz-Lopez et a]2012 Atkinson et al,

HOI +hv — | + OH. (3) 2012. These observations provide estimates,dévels and

Net: production rates that are more representative of open ocean

conditions than previous studies.

O3+ HO2 + hv — 20, + OH. 4)
Catalytic destruction of tropospheric ozone by iodine is effi-
cient in part because iodine radicals are relatively unreactive?  Study site and observational methods
with organic trace gases.

Sea salt aerosols are thought to play a roleimyicling 2.1 Setting and ancillary observations
in marine air. I present in aerosols can be oxidized to the
volatile forms ICI, IBr, and 4 via reaction with the hypo-  The field site was the Cape Verde Atmospheric Observatory
halous acids HOCI, HOBr, or HOI. The hypohalous acids are(CVAO), located at 16.862N, 24.867 W on the island of

generated by gas phase daytime photochemistry (e.g. Rxngao Vicente. The site is situated about 50 m from a northeast
1-2) and can enter aerosols to react with | facing coastline, about 10 m above sea level. The island is

_ volcanic in origin and has a steep continental shelf. Meteoro-
HOI+17 +HY — 12+ H0. ) logical conditions were very similar in the two study years,
lodine radicals can also self-react to form iodine oxides suci2007 and 2009. Winds were consistently onshore during both
as bO4 and other larger iodine oxide clustefddFiggans  years, and 15 min averaged windspeeds wereZ.B847 m
et al, 2004 Saiz-Lopez et aJ2008. If iodine levels are suf- s (1 std dev) with a 3.6-10.4 range in 2009 and 6£17.35
ficiently high, the formation of iodine oxides leads to rapid (2.2-8.7 range) in 2007. The planetary boundary layer at the
particle nucleation. IQ-driven nucleation events have been site ranges from about 300 to 1500 m with no clear sea-
observed downwind ofakemitting macroalgae beds. These sonal or diel patternGarpenter et al.2011). NOyx (NO +
events contribute to aerosol number and can potentially inNO) was measured by chemiluminescence at a height of
fluence cloud properties in coastal regio8anders et gl. 3 m above the ground. The instrument had a detection limit
2010 Mahajan et a].2010. of <14 ppt for reported 15 min means. N@vels were typ-

Relatively little is known about the emissions and cycling ically below 25 ppt in 2007, without a discernible diel pat-
of iodine over the open oceans, because there are few obseern. In 2009 the daytime NQOlevels were higher and had
vations in marine air that are not influenced by macroalgala distinct diel cycle, with a typical midday NOmaximum
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of 40-50pmolmot! and a late afternoon NO maximum third day of measurements. Multipoint calibrations were run
of about 15 pmol molt. The 2009 NQ measurements may less frequently but consistently showed linear instrument re-
have been influenced by the site diesel generator. The generaponse in the range of observedRor these calibrations and
tor was located about 100 m away from the site in 2007, but itsingle point standards; in N2 was added near the front of
was moved directly adjacent to the downwind side of the sitethe inlet.

in 2009. @ was measured at 3 m by UV absorptiors Was

33.4+5.3nmol mot1in 2007 and 36.25.0nmolmottin 2.3 Sample inlets

2009 (meant 1 std. dev.)Lee et al (2010 give an overview
of NOy and Q3 observations at the site. S€arpenter et al.
(2017 for a thorough site overview.

The air sampling inlet used in 2007 is the same as that de-
scribed previously for Gl observations made at this site
(Lawler et al, 2009. The setup is illustrated in Fid. Am-
bient air was drawn through a nominal 2inch (5.1cm ID)
acrylonitrile-butadiene-styrene (ABS) pipe from a height of
3m. The flow in this pipe was dynamically controlled at

I, detection was carried out by chemical ionization triple 83 LPM (STP: 273K, 1atm) using a butterfly valve (MKS)

quadrupole mass spectrometry using a modified Therm@nd mass flow meter (TSI), and PID controller (MKS).

TSQ Quantum instrument, with procedures similar to those, A longer inlet was used for the 2009 study. Air was drawn
in previously published studies of £IBr», and b (Lawler from a height of 8 m above the_ ground into a nominal 6 |n<_:h
etal, 2009 Finley and Saltzmar2008. The mass spectrom- (15-24¢m ID) ABS sample pipe at 130 LPM (STP). This
eter was fitted with &Ni beta-emitting source, and ambient flow was controlled using a differential pressure fl_ow sen-
I, molecules were ionized to;| The I ions were mass- sor, butterfly valve, and PID controller (Omega Engineering,

selected in the first quadrupole (Q1), then dissociated by colMKS instruments). The flow measurement was calibrated
lision with Ar in Q2 (20 eV) to form T, which was in tumn against a mass flow meter (TSI) at the end of the measure-
fments. A 63 LPM subsample was drawn from the center of

mass selected (Q3) and detected by a electron multiplier a ) ) ¢ ]

ter impaction on a dynode. Mass transitions for1Gh CI~ the main flow through a coaxial nominal 2inch (5.1 cm ID)

and IBr — Br— were also monitored. ABS pipe, with the mass flow control system used in the
007 deployment. The mass spectrometer sampled 1.3LPM

The instrument background signal was assessed eve ) - ) ]
hour by sampling ambient air which was scrubbedoffhe rom the center of the 2 inch pipe. During 2009, scrubbed air
was introduced directly into the 2 inch pipe at the base of the

scrubber was a carbonate-coated plug of glass wool. Auto s :
large 8 minlet (Figl).

mated pneumatic gate valves controlled whether the instru : ) ) o

ment sampled scrubbed air or unmodified ambient air. This | "€ré were minor differences in the standardization pro-
type of scrubber removes With high efficiency (99%) _cedure betwegq the two studlle§gaslstand.ar.ds were addgd
when fresh but degrades after a few weeks of use. There wa8 Scrubbed air in 2007, and in ambient air in 2009. No sig-

no evidence that the scrubber degraded over the campaign.niﬁcant difference in sensitivity has been found for scrubbed
An I, gas standard was generated by flowingdver an ~ VS- unscrubbed air. The sensitivity was assumed to vary lin-

I, permeation tube in a temperature-controlled PFA housing&2a'ly between one-point standards, except for obvious step

This I,/N; flow was subsampled and diluted with additional Changes in sensitivity.
N> to a final sampled mixing ratio of 2—16 pmol malin the
method ofGallagher et al(1997). |2 in the dilution system 4
was only exposed to PFA and PTFE surfaces. The standard
gas flowed continuously through a length of PFA tubingupto3.1  May—June 2007
a pneumatic PTFE valve near the top of the inlet. The valve
was kept near the inlet to minimize equilibration time in the Measured4 ranged from<0.02-0.6 pmol moit with a reg-
tubing. The outdoor tubing was shielded from radiation by ular diel pattern (Fig2). I» climbed over the course of the
opaque insulation to prevent photolysis of the standard | night and reached its highest values either shortly before
During regular ambient sampling intervals, thestandard  dawn or a couple of hours before. levels always dropped
was routed to a container of scrubber material. The output ofiramatically at dawn, but usually remained at detectable
the L, permeation tube was gravimetrically calibrated in the levels. Surprisingly, 4 levels increased during the daytime,
laboratory after the campaign. There were no standards foreaching a peak around midday and then declining again be-
ICl or IBr. fore nighttime (see Sedt.3regarding a daytime artifact), |
Instrument sensitivity for d was assessed by perform- levels did not covary with @levels. The daytime “blank”
ing multipoint calibrations and one-point standard additions.|; signals (scrubbed air) showed largesignals that closely
Sensitivity was assumed to vary linearly between calibra-tracked the daytimeylincrease, but blanks were consistently
tions and standard additions. In both 2007 and 2009, the ondew and fairly constant over the night (Fid).
point I standards were added on a 4 hour schedule on every

2.2 |, detection by chemical ionization mass
spectrometry

Results
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Fig. 1. (a) Sampling inlet used May—June 20@B) Sampling inlet used May 2009.
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Fig. 2. Wind speed, wind direction, £mixing ratios, and4 mixing
ratios at CVAO during May 2007 time at CVAO, kerror bars are

The ICI sample and blank signals showed similar diel cy-
cles and were statistically indistinguishable from one an-
other. The two ICl mass transitions observed (3635 and
164— 37) had a sample signal ratio close to 1, rather than
the 3 ratio expected for the two chlorine isotopes. These ob-
servations indicate that ICl was not the dominant species ob-
served at these transitions. The sample and blank signals for
IBr also matched one another, and IBr remained below de-
tection. The actual detection limits for ICl and IBr were not
assessed, but detection limits for,CBrCl, Bry, and b for
this instrument are in the range of 0.1-2 pmol mokand ICI
and IBr detection limits are also expected to be in this range.

3.2 May 2009

The 2009 % levels were slightly higher than those in 2007,
ranging from<0.03—1.67 pmol moi! over one week of ob-
servations (Fig3). The diurnal pattern was very similar to
that in 2007, with a nighttime maximum and a smaller day-
time peak (see Sect.3regarding a daytime artifact). There
was some day-to-day variability in the absolute levels, with
the highest levels occurring late in the night on days 141
and 142. Late on day 141 there was a sudden reduction in
windspeed and shift to more northerly flow. Unfortunately
the meteorological instruments were not operating on day
142, when the very highess levels were measured. There
was some difference in the instrument response to scrubbed
air between the two deployments. In the 2009 deployment, |

one standard error. Open circles are daytime points which likely in-blank signals remained low throughout the day, and did not
clude a measurement artifact and should be considered upper limitexhibit the daytime peak observed in the ambient measure-

The dark vertical bars represent nighttime hours.

Atmos. Chem. Phys., 14, 2662678 2014
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goo é’ & ?‘9@& - y g 9 2009(b). The correlation of daytimelsignals in ambient air signal
T e and blank air during May 2007 is evidence that some of the daytime
142 143 144 145 146 . . . .
Day of Year (140 = May 20, 2009) I> is an artifact that is likely produced on the inlet walls. In 2009,

this correlation was not apparent, most likely due to a change in

Fig. 3.Wind speed, wind direction, £mixing ratios, and4 mixing inlet configuration. Gray shaded areas are nighttime hours.

ratios at CVAO during one week in May 2009.érror bars are one

standard error. Open circles are daytime points which likely include

a measurement artifact and should be considered upper limits. Grey Discussion

filled circles are points below the detection limit. The dark vertical

bars represent nighttime hours. The gap in npddta about day 4,1  Nighttime |, emission rates

142 was due to power loss to some of the instruments.

At night, > mixing ratios increase steadily after dusk, then
level off around midnight (Fig5). The Cape Verde ob-
servations indicate an average nighttime increase of about
0.17 pmol mot . Chemical loss ofd is expected to be mini-

This '.S the first s.tudy to exa”.“”e the behav!or of ?“.“0' mal. I, can be lost via N@reaction, but DOAS observations
spheric b in an environment not impacted by iodine-emitting have indicated that N§mixing ratios are extremely low at

macroalgae. To confirm this, macroalgae were collected frorr]r&his site Mahajan et al.2010). Assuming the sea surface is

shallow near-site tidal pools and held before the instrume ; o
. . : he source and that there are no atmospheric losses, this is a
inlet in 2007. No enhancement ip levels was observed for 1 41 .

rate of roughly 0.5 pmol mot-d— over the period of con-

any of the few species found, but they were not positively . S .
. i S stant increase. The rate of mixing ratio increase corresponds
identified. Large brown kelp (Laminaria) were not observed . 1 . '

to a sea-to-air flux of 30 nmolnf d—1, assuming that emis-

at the site. These are the dominant iodine emitters at well-

studied North Atlantic coastal siteBI¢Figgans et a).2004 tsr:(r)gz ?i:r?eds";lr:gdr;rt];oeast:iﬁ(;?eg ?nollg]:ragnlg ):e;'t ;Elzsolisa bout
Saiz-Lopez and Plan€004 Jones et al.2009. A con- P

tainer of coastal surface seawater held before the inlet aIsSIUdy'

resulted in no enhancement efdignal. These observations 4.2
suggest that theyllevels observed are representative of re-
gional oceanic emissions and not influenced by strong |003Midday maximum 10 levels ranging from 1—2 pmol mél
upwind coastal sources. were observed by long path DOAS at the CVAO site dur-
ing May 2007 Read et al.2008. Mahajan et al.(2010
and Jones et al(2010 proposed sea surface emissions of
I> as the principal source of iodine at Cape Verde because
air/sea fluxes of organoiodide compounds in the eastern

3.3 Macroalgal emissions

I> as a source for daytime 10

www.atmos-chem-phys.net/14/2669/2014/ Atmos. Chem. Phys., 14, 2683¥§ 2014
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03 a cleaner surface than the inlet entrance. The blank was much
I lower and did not track the ambient levels in the 2009 deploy-
ment.

We hypothesize that the daytimg ik generated via het-
erogeneous reactions of a photochemically produced oxidant
with 1~ on the walls of the instrument inlet. This would re-
quire the oxidant to have the following characteristics; (1) to
I occur at levels of several pmol mdi (or greater), compara-

0.05 - ble to the measured,| (2) to be present at significant levels
— only during daytime, and (3) to be transmitted at least par-
1200 1800 00:00 e tially through the carbonate scrubber. The first consideration
Time of day eliminates OH and the second eliminates & likely can-
Fig. 5. Mean hourly binnedd mixing ratios measured over three didates. The hypohalous acids HOI, HOBr, and HOCI are

weeks at CVAO in 2007. Error bars are one standard error. ShadeBhOtOChemIcally generated daytime oxidants that are present

area represents nighttime hours. The mean observed solar cycle ovit ar at pmol mot Ieyels, and are cap_able c_’f OX_'d'Z'ng'l
the measurement period was used to assign sunrise and sunset. HOI can produced directly upon reaction with1 in solu-
tion, e.g. Allen and Keefer 1955 Vogt et al, 1999. HOBr

and HOCI might be expected to initially form IBr and ICI
tropica| Atlantic were Considerab|y lower than required to from reaction with T, and further reaction would be required
account for the observed 10. Model simulations showed thato form lz. However, the mixed halogens were not observed
a constantd flux of 170-320 nmold m~2d—! was needed to  in this study.
explain the observed IQJ¢énes et a].2010. However, this Given that two different inlet configurations were used,
scenario also led to a nighttime maximum of approximatelyit is not surprising that different blank behavior was ob-
7 pmol mol? of I, and a resultant spike in 10 at sunrise, nei- served in the two deployments. However, it is surprising that
ther of which are evident in the Cape Verde data. Quot- both configurations yielded similar blank-corrected daytime
servations do not support such a large nighttime sobiee. 12 mixing ratios and a similar pattern of variability with a pro-
hajan et al(2010 implemented a diurnally varying source nounced midday maximum. Further work is needed to fully
tuned to best replicate the observed 10 levels. This sourcéinderstand the origin of the daytimgdignals.
varied with solar flux, from zero at night to a midday maxi-
mum of 800 nmol3 m~2d~1. That scenario yields nighttime
I, and daytime 10 levels that are more consistent with obserS5 Modeling
vations.

0.25

0.2

0.15

0.1

I, mixing ratio (pmol mol"")

Four model simulations (BASE, FLAT, PHOTO, and HOI,
4.3 Observations of daytime $: positive artifact as defined below) were conducted to investigate the possi-

ble sources of reactive iodine at Cape Verde, given the con-
Midday I, levels of 0.2 pmolmot! are much larger than straints of observed daytime 10 and nighttiaéFig. 7). The
would be predicted by the nocturnal emission rate. The noorone-dimensional chemical transport model THAMO (Tropo-
photolytic lifetime of b under CVAO conditions is roughly  spheric HAlogen chemistry MOdel) was used for these sim-
5s. An b flux large enough to support these levels would re- ulations Gaiz-Lopez et al.2008. The model includes gas
sult in higher 10 levels than observed (see Modeling sectionphase reactive halogen, HONOx, and hydrocarbon chem-
below). istry, including a module treating ultrafine particle formation

The possibility exists that the daytimg dlata were influ- by coagulation of iodine oxides. It also accounts for recycling

enced by a positive analytical interference. Previous studie®f reactive halogens through marine aerosols. In the past, this
have observed the production of2Bfrom HOBr and HOClI  model has been used to study 10, ff@nd HCHO observa-
even on relatively clean inlets, apparently without formation tions at Cape VerdéMahajan et a].201Q0 2011). The model
of BrCl (Neuman et a).201Q Lawler et al, 2011). By anal-  reaction scheme and structure have been described in detail
ogy, inlet b production without concomitant ICI or IBr pro- previously Mahajan et al.201Q Saiz-Lopez et a].2008.
duction may be possible. In this study, the daytime blankFor all the simulations, the model was constrained with ob-
behavior was different between the 2007 and 2009 deployservations of @ (Carpenter et al.2011 Lee et al, 2010,
ments, likely as a result of changes in inlet configuration. INHOx (Whalley et al, 2010, NOy (Lee et al, 2009, CHg,
2007, the blank was assessed by exposing scrubbed ambiembd HCHO Mahajan et a].2011), and NMHCs Read et al.
air to the same 3m long, 2inch ID flow path as the ambi- 2009 from CVAO. The vertical mixing was calculated us-
ent air sample. In this configuration, daytime blagpkignals  ing the measured wind speed (Carpenter et al., 2010), using
tracked the ambient signals (see S8ct). In 2009, scrubbed a description detailed bgaiz-Lopez et al2008. The model
air was exposed only to the last stage of the inlet, potentiallywas allowed to run for ten days, usually reaching steady state

Atmos. Chem. Phys., 14, 2662678 2014 www.atmos-chem-phys.net/14/2669/2014/
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time biological production in the sea surface. The daytime
A ™\ source was tuned to achieve average observed daytime 10
\ levels. The total prescribed Flux reached a maximum of
\ 125 nmol n2d~1, almost a tenfold increase compared to the
\ nighttime flux necessary to reproduce the obserged tis
\ maximum flux was reached at about 09:20LT and was set
\ back to the constant (nighttime) flux by shortly after 16:00 LT
R | (Fig. 6). For comparisoniiahajan et al(2010 used a time-
— — — — varying flux which peaked at 818 nmoltad—! and was zero
0 12 24 36 48 at night to fit the same 10 observations. The strong midday
Hour of Day flux results in much higher midday 10 levels. This simula-
. . tion matches the daytime 10 and nighttimedbservations
Fig. 6. Flux of I added in PHOTO model run. reasonably well and predicts a midmorningokeak (Fig.7).
The model still does not reproduce daytimddvels as high
as observed, particularly in the afternoon. The model predicts
in 3—4 days. Day 9 of each simulation was used for comparmidmorning b levels over half as large as observed. Repro-
isons between individual scenarios. duction of the observed afternoop levels using an extra

In the BASE simulation, standard model chemistry source of $ from the surface would result in a late evening
was employed and average sea-air fluxes of halocarbongeak in 10. Such a peak was not observed. To summarize,
measured byJones et al.(2010 near the Cape Verde the daytime IO and nighttime may be explained by the ad-
site were included: Chlo (13.0 nmoln?d‘l), CHolBr dition of a time-varying surface>Isource, but the observed
(10.9nmolntd—1), CHICI (16.2nmolnfd=1d), CHsl  daytime IO and] cannot simultaneously be explained sim-
(48.5nmolnfd-1), CoHsl (4.1 nmolnfd—1), and 1-GH-I ply by an additional source. We think this lack of agreement
(0.9nmolnfd-1). This simulation significantly underpre- is most likely explained by the positive measurement artifact
dicts both 10 and4 observations made at the site (Fi. in the daytime 4.

This resultimplies that there are additional important sources In the HOI simulation, sea-air fluxes of both HOI and |
of reactive iodine in this environment, or that models cur- were prescribed without modification or optimization after
rently underestimate the rate of aerosol recycling of reactiveCarpenter et al2013, where daytime fluxes were roughly
iodine. 10nmolbm~2d~1 and 100 nmol HOI m2d-1. Carpen-

In the FLAT simulation, a constantal flux of ter et al. (2013 showed that THAMO simulations using
14.3nmolnfd! from the ocean surface was added to these fluxes yielded good agreement with 10 observations at
the MBL, in addition to the halocarbon flux already present. CVAO, but I, observations were not available in that study.
This was intended to represent gndource from Q de- Their sea-air fluxes of HOI are highest at night and the |
position to the ocean surface, or a hypothetical biologicalfluxes are highest during the day due to the different air-sea
background source. The flux was tuned to achieve nighttimegradients of the two species between night and day. In the
I, levels comparable to observationsQ,2—0.3 pmol mot?). daytime, b levels are extremely low due to rapid photoly-
The | profile matched the nighttime lobservations well,  sis and no known gas phase source. HOI, on the other hand,
but the flat daytimeJ source was not sufficient to achieve photolyzes more slowly and can be formed in the gas phase.
the mean 10 levels observed during the day (Fry. HOl is also thought to have a significant aerosol sink during
Jones et al(2010 found that a constan Iflux of at least  the nighttime, as opposed tg. The HOI simulation does a
170 nmol ntd~1 would be required to achieve observed IO good job representing both the daytime 10 and the nighttime
levels. The leveling off of 4 overnight in the model is due |, mixing ratios (Fig.7). This run resulted in slightly higher
to mixing. Modeled 10 was~0.8 pmolmot?! during the  daytime IO and slightly lower nighttime than the PHOTO
daytime, compared to observed levels~af.5 pmol mot L. simulation. This simulation does not predict a mornipgnk
The modeled 10 diel profile in this and the other casescrease. The HOI case predicts the highest levels of ICI of all
shows prominent peaks around sunrise and sunset. Theske runs, up to 6 pmol mof.
are an artifact resulting from the problem of treating
highly photolyzable species in a model with discrete time
steps. Daytime 2l levels remained very low, peaking at 6 Discussion: k sources and halogen cycling
0.02 pmol mot 1.

In the PHOTO simulation, the prescribed flux efwas  The modeling scenarios which best represent the observed
retained for the nighttime, and an additionalflux was in-  inorganic iodine at CVAO are the PHOTO and HOI cases.
cluded in the daytime. This was intended to simulate a light-The laboratory observations of HOI production from sea-
dependentd source, which could be due to photochemical water ozonolysis provide a strong case that this process
reactions in aerosols or at the sea surface, or due to dayshould be considered in MBL halogen chemistry. The good
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Fig. 7. THAMO box model results for four simulations. BASE (halocarbons only): black solid line. FLAT (constflnk): red dashed line.
PHOTO (enhanced daytime $ource): dotted blue line. HOI (added flux of HOI): green solid line. Averageadl 1O observations plotted as
circles with one standard error bars. The upper limit daytignebiservations are plotted as open circles. Dark shading represents nighttime
hours.

agreement between the lab-estimated fluxes and the observaerosols. It remains unclear whether all hypohalous acids (in-
tional data supports the idea that sea surface-derived HOI isluding HOCI) undergo significant losses to organic species
the major source of gas phase inorganic iodine at CVAO. Thidn particles, or whether the equilibrium reactions among the
is likely true for all ocean regions not impacted by strong various dissolved halogen species need to be reexamined.
local emissions such as macroalgae beds. The photopytic |
source considered in the PHOTO case would require novel
chemistry and complex kinetics to generate the peculiar diur7  conclusions
nal cycle required (Fig6). While this remains a possibility,
the HOI flux is Clearly a more Straightforward explanation. We report the first MBLi observations in marine air that
Similarly, a direct biological source of Is not precluded by s not impacted by coastal macroalgal emissions or sea ice
the observations, but it would also require very strong diUfna'chemistry. The data clearly demonstrate that the very high
varlablllty The seawater 020n0|y3i5 source of HOI appears tqZ levels previous|y reported for coastal air are not repre-
be sufficient to explain most of the flux of inorganic | to the sentative of open ocean conditions. The very low observed
atmosphere at this site and is Cleal’ly the more Straightforwarfhighttime levels provide an upper bound er production
explanation. by reaction of @ on the surface ocean in this region. The
Both the PHOTO and HOI cases generate at leastqark” processes producing lat night are too slow to ex-
3pmol mol* of ICI at night. This is a consequence of HOI pjain the levels of IO observed in the daytime, given known
uptake in particles followed by reaction with'ClICI was jodine recycling mechanisms. The sea-air flux of HOI gen-
not detected either in 2007 or in 2009, despite monitoringerated by Ozono|ysis Of seawater and recent'y proposed by
the relevant mass transitions for several days in each casgarpenter et a(2013 could explain the observations. If this
There is no reason to suspect that the instrument was not sinjs the case, then 10 levels similar to those at CVAO should
ilarly sensitive to ICl as tog, despite the lack of a specific occur over most of the world oceansz-&timulated release
calibration standard for ICI. S|m|lar|y, BrCl has not been ob- of iodine from the sea surface induces Ca’[a]ytic ozone de-
served at CVAO despite evidence for active bromine cyclingstruction, limiting the lifetime of @ over the oceans. The
(Lawler et al, 2009 Read et al.2008. These observations jmpacts of this chemistry on the evolution of continental out-
strongly suggest that current models overpredict the converfiow in the marine boundary layer should be investigated fur-
sion of HOBr and HOI to the interhalogens BrCl and ICl in ther, The apparent lack of significant levels of ICI at CVAO
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is a challenge to our understanding of aerosol halogen reGallagher, M., King, D., and Whung, P.: Performance of the
cycling. This discrepancy should be addressed with labora- HPLC/fluorescence SQdetector during the GASIE instrument

tory studies of synthetic and natural halide solutions and with

well-calibrated field observations.

Supplementary material related to this article is
available online athttp://www.atmos-chem-phys.net/14/
2669/2014/acp-14-2669-2014-supplement.pdf
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