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Abstract. Discrete in situ atmospheric measurements ofreaction of p with NOs radicals at night. The results show
molecular iodine () were carried out at Mace Head and that the concentrations of daytime 10 are correlated with the
Mweenish Bay on the west coast of Ireland using diffusion mixing ratios of b, and suggest that the local algae sources
denuders in combination with a gas chromatography-masslominate the inorganic iodine chemistry at Mace Head and
spectrometry (GC-MS) methodp,110 and OIO were also  Mweenish Bay.

measured by long-path differential optical absorption spec-
troscopy (LP-DOAS). The simultaneous denuder and LP-
DOAS I, measurements were well correlatg®F£0.80) but 1
the denuder method recorded much higher concentrations.

This can be attributed to the fact that the in situ_ measure-The role of jodine chemistry in ozone depletion events and
ments were made near to macroalgal sources ofi the  marine aerosol formation has received considerable atten-

intertidal zone, whereas the LP-DOAS technique providesijgn in the past few years (Saiz-Lopez et al., 2007; Read et
distance-averaged mixing ratios of an inhomogeneous distriz| 200g: Huang et al., 2010; O'Dowd et al., 2002; Vogt

bution along the light-path. The observed mixing ratios of o al., 1999; Seitz et al., 2010). The precursors for these

I2 at Mweenish Bay were significantly higher than that at jgine-related atmospheric processes have been proposed,
Mace Head, which is consistent with differences in local al- frgm early studies, to be iodocarbons such agICBHal,

gal biomass density and algal species composition. AbOV‘tHZCII, CH2Brl, CoHsl, CaH7l, or C4Hgl (Carpenter et al.,
algal beds, levels ofzlwere found to correlate inversely 1999) However, recent field measurements show that molec-
with tidal height and positively with the concentrations of |j|ar iodine (b) is probably the dominant source of atmo-
Os in the surrounding air, indicating a role forsGn the  gpneric jodine in certain coastal regions. A maximum |
production of p from macroalgae, as has been previously mixing ratio of 93 parts per trillion by volume (pptv) at night
suggested from laboratory studies. However, measurem_entgnd of 25 pptv during the day was observed during the North
made~150 m away from the algal beds showed a negativeaijantic Marine Boundary Layer Experiment (NAMBLEX)
correlation between §and b during both day and night. We  fie|g campaign at Mace Head, Ireland in summer 2002 using
interpret these re;ults Fo indicate t.hat the relea@edm also long-path differential optical absorption spectroscopy (LP-
lead to @ destruction via the reaction of{@vith | atoms that DOAS) (Saiz-Lopez and Plane, 2004). During daylight, |
are formed by the photolysis of tluring the day and viathe  yjecules in the atmosphere photolyze to | atoms which
then react with @ to form iodine oxide (10). A clear anti-
correlation between 10 and tidal height and a correlation be-
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self-reaction of 10 is thought to result in the formation of sion denuder system combined with a gas chromatography-
higher iodine oxides like OIO or,D4 and finally leads to  mass spectrometry (GC-MS) with precolumn derivatization
new particle formation (Hoffmann et al., 2001; O’Dowd and method and by the DOAS technique for comparison. The
Hoffmann, 2005; Pirjola et al., 2005). Also, IO radicals play correlation betweenylconcentrations at different measure-
a key role in a number of other important tropospheric pro-ment sites, ozone concentrations, tidal height, and occur-
cesses, including NCand HQ, chemistry. rence of different algal species were investigated. Also the
Biogenic emission ofd by macroalgae has been suggestedimpact of iodine on nighttime chemistry was studied.
to be one of the most important processes responsible for the
observed tropospheric iodine levels in coastal locations (Mc-
Figgans et al., 2004; Pirjola et al., 2005; Palmer et al., 2005)2 Experimental
A recent study shows that iodine is accumulated in macroal-
gae (e.g.Laminaria digitatg in the form of iodide, which 2.1 Diffusion denuder sampling in combination with
can react with @ when the plants are exposed to the ambi- GC-MS measurements
ent air at low tide, leading to the direct release pinto the
atmosphere (Kpper et al., 2008). However, the correlations The collection of 4 on diffusion denuder tubes (6 mmi.d.
between 3 emissions and algal species are still poorly under- x50 cm length, Huang and Hoffmann, 2009) is based on the
stood, especially under ambient conditions, so that the im+apid formation of inclusion complexes of With the com-
pacts of biogenic emission of bn tropospheric photochem- bined coatingsy-cyclodextrin ¢-CD) and iodide (). To
istry on regional and global scales remain an open questionobtain denuders coated uniformly with the coating reagents,
Currently, data on ambient lare still quite scarce, and nine 0.5mL aliquots of coating solution (2.5mgmLe-
most of the measurements have been carried out by longED and trace"?®~ in methanol) were slowly pipetted into
path differential optical absorption spectroscopy (LP-DOAS)the openings of the brown denuder tube which was held
(Saiz-Lopez and Plane, 2004; Saiz-Lopez et al., 2006a; Peat an angle of about XOrelative to the horizontal plane.
ters et al., 2005). This technique provides spatial averag®uring the coating procedure the tubes were rotated and
concentrations along the DOAS light-path (usually severalflushed with nitrogen for drying (flow rate 0.5 L mif). Af-
kilometres in length), thus is incapable of resolving inhomo- terward, the coated denuders were sealed with polypropy-
geneous distributions of! However, it has been proposed lene (PP) end-caps and stored under refrigeration until sam-
that the spatial variability of the sources of reactive iodine pling. At the sampling site, the denuders were set vertically
leads to significant spatial variations in the concentrationgto eliminate particle deposition due to gravitational settling.
of iodine species. Thus, the DOAS measurements cannothe interference iodine species were isolated by coupling a
clearly identify the sources of the iodine species (Peters et al ],3,5-trimethoxybenzene-coated denuder upstream ef-the
2005; von Glasow and Crutzen, 2007). Therefore, “point” CD/I~-coated denuder (Huang and Hoffmann, 2009), and an
in situ measurements of gaseousare highly desirable to untreated glass tube of specific length (15 cm) with the same
better identify the potential source of molecular iodine. A diameter as the denuder tube was coupled to the denuder in-
broadband cavity ring-down spectrometer (BBCRDS) waslet, used as a subduction zone to adjust the laminar flow of
deployed during the NAMBLEX campaign, and the applica- the sampled air into the denuder. Ambient air was sampled
tion of this system to point measurements of ambieftas  through the denuder system by a membrane pump located
been demonstrated (Bitter et al., 2005). Recently, incoherdownstream of the denuder for 30—180 min at a flow rate of
ent broadband cavity-enhanced absorption spectroscopy (IB500 mL mirr 1. Once the sampling was completed, the open
BCEAS) has been developed in the laboratory for gaseous lends of the tubes were again sealed with PP end-caps and
measurements (Vaughan et al., 2008). However, the detedept under refrigeration until subsequent laboratory measure-
tion limits of these spectrometric methods are relatively highments.
(~20 ppt), which makes the clear identification of daytime In the laboratory, the samples were eluted with five
1> still difficult. In addition, the initial concentrations from 2.0 mL-portions of ultrapure water into a 25-mL calibrated
direct b emissions are not accessible by LP-DOAS methodflask. Amounts of 500 uL of phosphate buffer (pH 6.4),
since the light-path runs mostly at a height of several me-100 pL of 2,4,6-tribromoaniline (2.5mgt, internal stan-
ters above the ground and the rapid photolysisyaduring dard), 400 uL of sodium 2-iodosobenzoate, and 300 uL of
daytime causes a vertical concentration gradient. HoweverN,N-dimethylaniline were then added. The solution was di-
model studies have predicted that even very low concentraluted to about 23 mL with ultrapure water and subsequently
tions of b, under daytime conditions could strongly affect the shaken at room temperature for about 120 min. 2.0 mL of
marine atmosphere (Peters et al., 2005). sodium acetate solution (208t/v) was then introduced, and
In this paper, we present the results of a 5-week fieldthe solution was diluted to the mark with ultrapure water. Fi-
campaign carried out at Mace Head and Mweenish Baynally, the solution was extracted with 100 pL of cyclohexane.
located at the West Coast of Ireland in August/Septembet.0 uL of the solution was injected into a gas chromatogra-
2007. Ambient $ mixing ratios were measured by a diffu- phy with an ion-trap mass spectrometer (Trace GC/PolarisQ,
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Thermo Finnigan Italia S.p.A., Rodano, Italy). A fused- 2001), NQ, O4 (Greenblatt et al., 1990) ancbB® were con-
silica capillary column (30m0.25mmi.d.,ds: 0.25um,  sidered during the fit. @was analyzed between 315 and
Rtx-5MS, Restek Co., Bad Homburg, Germany) was used foi342.5 nm (Mweenish Bay) and 332.5 and 343.75nm (Mace
chromatographic separation. High-purity helium (99.999%)Head) and the cross sections of (Yoigt et al., 2001), BrO
was used as a carrier gas at a constant flow of 1.0 mEtin  (Wilmouth et al., 1999), S©(Vandaele et al., 1994), HCHO
The temperature of the injector was set to 260and the  (Meller and Moortgat, 2000), N§ O4 and HONO (Stutz et
transfer line was 300C. The temperature of the GC oven al., 2000) were included in the fitting procedure. N®as
was programmed as follows: initial temperature®&0(hold analyzed between 618 and 626 nm and 657 and 664 nm and
3 min), 30°Cmin~! to 220°C (hold 3min). The MS was fitted using NQ (Yokelson et al., 1994) and4® cross sec-
operated in the electron impact (EI) ionization mode with antions.

acceleration energy of 70 eV. A solvent delay of 4.5 min pre-

ceded the MS spectra acquisition in the selected ion monitor2.3 Online GC-MS measurements

ing (SIM) mode in the following sequence: 4.50—6.00 min,

m/z 77,121; 6.00-7.50 minm/z 119, 247; 7.50-11.67 min, CHjsl, CoHsl, CH2Brl, CH2ICl and CHl, were analysed au-
m/z 250, 329, 331. The blanks were estimated by measuringomatically from 3 L of dried air using a Perkin Elmer (USA)
the unsampled denuders which were sealed throughout th€urbomass GC-MS system connected to a Perkin ElImer Au-
campaign and were found to be within the ranges of the limittomated Thermal Desorption unit (ATD). Air samples were

of detection (0.17 pptv). measured every 45 min during 5 days of measurement be-
tween the 29 August and the 11 September 2007. Analytes
2.2 DOAS measurements were trapped onto a 3-stage carbon-based adsorbent micro

trap (Air monitoring trap, Perkin Elmer, UK) held at30°C.
DOAS is a well established technique to identify and quan-The micro trap was then flash heated to 36Qinjected onto
tify trace gases by their narrow band absorption structures 60 m DB5 GC column (Supelco), then analysed by the MS
(Platt and Stutz, 2008). In this study, two active LP-DOAS in single ion mode. The GC-MS was calibrated against a gas
instruments were used (Seitz et al., 2010). A light beam genstandard prepared in-house containing low-pptv mixing ra-
erated by a high pressure Xe-arc lamp (type: XBO500, Os+ios of the target halocarbons in zero grade nitrogen (BOC,
ram) was passed through a telescope of 1.5m focal lengttyK) at 100 bar in an Aculife cylinder (10 L, CK Gases). This
then through the open atmosphere to an array of quartz prisrgas standard was quantified in our laboratory against a per-
retro-reflectors (63 mm diameter each). For the measuremeation tube system (Wevill and Carpenter, 2004) immedi-
ments at Mace Head the light-path (6.8 km, one-way) crosseately after the campaign. The method is discussed in more
Roundstone Bay to Roundstone about 10 m above sea level detail in Hornsby et al. (2009).
high tide, where the reflector (consisting of 76 quartz prisms)
was located. At Mweenish Bay, a light-path (2.0km, one-2.4 Sampling sites
way, 39 quartz prisms) was established crossing Mweenish
Bay at about 5m above sea level at high tide. For both in-The denuder sampling systems and LP-DOAS instruments
struments the reflected light was analyzed by a spectromewere positioned at the Mace Head Atmospheric Research
ter (Acton Spectra Pro 30¢; =4.1, 1900grmm?! and an  Station (53.32N, 9.90° W) and at Mweenish Bay (53.3N,
Acton Spectra Pro 500f = 6.9, 600 grmnt! grating for 9.8 W) (see Fig. 1). Also, at Mace Head, in situ mea-
the measurements at Mace Head and Mweenish Bay, respesurements of reactive halocarbons were carried out by the
tively). The detector used was a 1024 pixel photodiode arrayonline GC-MS system. The Mace Head site is well known
detector (type: S3904-1024, Hamamatsuj.wds measured for atmospheric events with regard to iodine chemistry. A
in 32040 nm, 10 in 43@:40nm, b and OlO in 5540 nm,  detailed description of this measurement site can be found
and NG in 630+£40 nm. For the analysis of the LP-DOAS elsewhere (Carpenter et al., 2001). Mweenish Bay is located
data the software DOASIS (Kraus, 2005) was used to si-about 7 km southeast of the Mace Head research station in an
multaneously fit the different references to the atmosphericarea of large seaweed beds. The algae species present differ
spectrum using a non-linear least-squares method (e.g., Stufrom those at Mace Head, with the brown algascophyl-
and Platt, 1996). In addition, a polynomial was included to lum nodosurmand Fucus vesiculosubeing dominant (Irish
account for broad band structures due to scattering in th&Seaweed Centre, 2001). In addition, Mweenish Bay has a
atmosphere. 10 was analyzed in the wavelength range behigher seaweed density. Denuder sampling was carried out
tween 416 and 439 nm. The 1O cross section (Spietz et al.in the intertidal zone at Mweenish Bay-Il for 30 consecu-
2005) as well as references of NQoigt et al., 2002) and tive days (6 August—4 September, 2007) and at Mace Head
H>0 (Rothmann et al., 2005) were included in the 10 fit- for 6 consecutive days (28 August—2 September, 2007). To
ting procedure. The evaluation of Was performed in the explore the concentration levels af from direct biogenic
wavelength range 530 to 567 nm and the cross sections aémissions, several samples were taken by denuder during low
I> (Saiz-Lopez et al., 2004), references of OIO (Bloss et al,tide in the central zone of algal beds (Mweenish Bay-I). The
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Fig. 1. The denuder sampling siteS) and the light paths of the LP-DOAS measurements at Mace Head and Mweenish Bay, Ireland.

distance between Mweenish Bay-l and Mweenish Bay-Il isseaweed have a larger capacity of iodine uptake than adult

about 100-150 m. plants. Thus, within these 21 days the changes of physiolog-
ical conditions of algae can lead to the differences of iodine
level accumulated in the seaweed and thereby the emission

3 Results and discussion level of I, into the air. Other factors such as solar radiation,
temperature, and ozone concentration may also have con-
3.1 lodine emissions from macroalgae tributed to the observed fluctuation efémission. A plot of

the b mixing ratio observed at Mweenish Bay-I against the
Although laboratory-based studies have observed the direaneasured @(Fig. 2b) shows that the emissions gfricrease
emissions of 4 from macroalgae (e.glL.aminaria) (Selle-  with increasing @ mixing ratio. This finding (although the
gri et al., 2005; Kipper et al., 2008; Dixneuf et al., 2009), data set is very limited) is in close agreement with the result
the levels of $ emissions under atmospheric conditions havefrom a chamber experiment (Palmer et al., 2005) as well as
not been clarified so far. To address this question we usethe recently suggested mechanism in whigkrissions are
diffusion denuders which can provide “single-point” in situ supposed to be regulated by the ozone-scavenging reaction
measurements of Ito collect samples at the central zone of of the accumulated iodide on the algae surfacdspfier et
algal beds (Mweenish Bay-I) during low tide. Sincei$ al., 2008).
rapidly photolyzed to iodine atoms during daytime, the de- Given the short atmospheric lifetime of bBnd the di-
nuder tubes were set up directly above the algal beds withution effect during air transport (Saiz-Lopez et al., 2004,
a very short vertical distance of around 5 cm between the2006b; Palmer et al., 2005), the mixing ratio downwind
seaweed and the denuder inlet to minimize the potential in-of the seaweed beds could be lower. As expected, the mix-
fluence of photolysis. Figure 2a shows the results of 5-daying ratios of b observed at Mweenish Bay-lI (i.e., further far
measurements within a period of 21 days, at a fixed samaway from the seaweed beds) decreased significantly com-
pling site. The mixing ratios of,lwere observed to fluctuate pared to the enhanced levels observed at Mweenish Bay-I
with a range between 110 and 302 ppt. This fluctuation couldFig. 2a). These comparison results were associated with
be attributed to algae themselves and the surrounding atmazorthwesterly/southwesterly winds which passed over the al-
sphere. Kipper et al. (1998) report that young plantlets of gal beds with speeds7.7 m s'1. When the wind came from
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(A) 350 Since algae are an important source of ambigaind the
{1 Il Mweenish bay-I 15:40-18:40 1 biomass of algae exposed to air is related to the tidal height,
300 [ Mweenish bay-II 1 the tidal effects ond emissions were investigated during day-
250_‘ | time and nighttime t_hroughqut the campaign a_t ngenish
| 10-40-1310 | Bay-Il. A plot of I, mixing ratio as a function of tide height
= 200 - 08:30-11:30 exhibits a clear anticorrelation (Fig. 3), which is in agree-
g ] ] ment with the recent observations at Mace Head (Bale et al.,
—" 150 17:30-20:30 J 2008; Saiz-Lopez et al., 2006a). It is apparent that the levels
{ 16:00-19:00 mu ] of I, are higher at low tide during nighttime due to its accu-
100 - 8 mulation in the absence of solar photolysis. Nevertheless, we
1 1 also observed that Imixing ratios at Mweenish Bay-Il were
501 7 maintained at levels of around 15-18 ppt even when strong
0_‘ ] westerly winds occurred=10.8 m s'1, from sea direction),
o o1 o &% o T o 92 o 21 irrespective of the state of tide as well as day or night. Given

that a certain amount of macroalgae at the nearby rocky up-

per littoral zone was still exposed to the atmosphere during

B) high tide, these values (15-18 ppt) could represent the back-
300+ ground level of } at the coastline.

The concentrations of reactive organic iodine species mea-
sured at Mace Head by an online GC-MS technique are
compared tod observed by the denuder/GC-MS method in
Fig. 4. Clearly, the concentration of is much higher than
that of the iodocarbons for both daytime and nighttime mea-
surements. Therefore, it is clear thati$ the predominant
iodine precursor at Mace Head. However, like the emissions
of I, the biogenic emissions of iodocarbons are also algae
species dependent, and high concentration levels of iodocar-
100 1 bons have been reported at Brittany, a French Atlantic Coast
—————— (Peters et al., 2005). Therefore, it is difficult to tell whether
24 26 28 30 32 34 36 38 40 42 I, is the predominant source of iodine in coastal areas other

O, (ppb) than Mace Head.

Day

250+

200+

L, (ppt)

150+

Fig. 2. Comparison of the mixing ratio obIbetween Mweenish 3.2 Implications for O3, 10, OlO and NOy

Bay-lI and Mweenish Bay-I1(A), and the correlation between the

emission of  and G in the surrounding air at Mweenish Bay-I 10 mixing ratios were measured by LP-DOAS at both

(B), measured directly above the algal beds. Mweenish Bay and Mace Head during the campaign. The
average and maximum values of daytime 10 weret3.49

northeasterly (land) direction the levels of measured at and 9.3:0.8 ppt for consecutive 30-day measurements at

Mweenish Bay-Il decreased further to around 5 ppt, whichMweenish Bay, and 1:20.3 and 4.4-0.6 ppt for consecu-

indicates that local algae is the dominant emission source ofV& 9-day measurements at Mace Head, respectively. Note

I, under the ambient conditions in the coastal area that the maximum mixing ratios were observed around noon.

Over the course of this study the concentration levels of* PIot Of three sets of data measured at Mweenish Bay indi-
I, observed at Mace Head were significantly lower than thatcates that daytime 10 concentration levels increase with the
at Mweenish Bay-Il. The maximum mixing ratios for day- increase of4 concentrations and of the solar irradiation, as
time and nighttime measurements at Mace Head were 29 pptnoWn in Fig. 5. A similar trend was also observed at Mace
and 141 ppt, respectively, and the values at Mweenish Bay-1{1€ad by Commane et al. (2008) during this campaign. These
were 87 ppt and 193 ppt, respectively. The discrepancies oprovide good ewderyce_ for the ph_otochemlcal production of
I, levels between Mace Head and Mweenish Bay can be atl© from coastal emissions of.| Figure 5 also shows that
tributed to the higher biomass density at Mweenish Bay thari2 concentrations increase with enhanced solar irradiation.
at Mace Head and the difference on algae species compos-ince enhanced biological activity and biogenic emissions
sition present at these two locations (Irish Seaweed Centredf 10dine species have been suggested to correlate with so-
2001). It suggests that the algae spediesophyllum no- lar irradiation together with warmer temperature (Carpenter
dosumand Fucus vesiculosuat Mweenish Bay are strong €t @l 1999), 4 emissions can be expected to be more ele-
I, sources and that Mweenish Bay is a “hot spot” of iodine vated when low tide periods coincide with maximum solar

atmospheric chemistry. irradiation exposure.

www.atmos-chem-phys.net/10/4823/2010/ Atmos. Chem. Phys., 10, 48232010
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1 M nighttime (29.08, 2007) 1
1003 [ daytime (30.08, 2007) 3100

B 5-24.09, 1998 . . - . .
average ( ) Fig. 5. Observed daytime 10 mixing ratios as a function of solar

radiation and4. Measurements were taken at Mweenish Bay.

] two techniques was different, we use the meanc@ncen-
0.1+ | 4o.1 trations observed at the timescales-pfrieasurements to in-

] vestigate the correlations between these two ambient con-
0.014 ' loor stituents. The results show that the @oncentration de-

] creased in general with the increase ptbncentration for

1E-3 . <LOD 1E-3 daytime observations (Fig. 6), which is consistent with the

CHI CHJI CHI CHBrI CHCI I observations shown in Fig. 5 and strongly supports the view-
) ) point that photochemical production of daytime 10 is related
Fig. 4. Typical mixing ratios of reactive organic iodine species and to concentration levels of £ For nighttime observations, a
Io at Mace Head. The average gltand CHlo mixing ratios dur-  clear anti-correlation of @with 1, was observed, as shown
ing the 1998 PARFORCE campaign at Mace Head (also given inin Fig. 6. Surprisingly, the @concentrations dropped signif-
Carpenter et al., 2003) are included since these two species wefigantly to around 15 ppb when a high level efrhixing ratio
not measured during the campaign in 2007. The limits of detectionyas observed around midnight. Here, it should be noted that
(LODs) for CHl, CoHsl, CHoBrl and CHICl are 0.2, 0.1, 0.02  tha correlation between4and b shown in Fig. 6 is oppo-
and 0.04 ppt, respectively. Th? bar_ Is missing if the mixing ratio is gjse ¢4 that shown in Fig. 2b. This can be attributed to the
below the LOD. Note the logarithmic scale. - . b . ..
difference in the sampling locations. The positive correla-

tion presented in Fig. 2b was measured directly above the
Recent models predict that bromine- and iodine-induced” ::%?/Ietr)lztijr?g,] trheear;ficc))rne,o??g dti)deetr(])?l (;ﬁgsslg:zngjrg ct:: ;tzl?) r\:\?'
ozone destruction can also occur in the troposphere (VOgEde (ie., I +Os—lp) (Kilpper et al., 2008). However, the

etal, 1999; von Glasow et al., 2004), and observations 0ne ative correlation presented in Fig. 6 was measured in the
10 and BrO have been linked to extensive halogen-mediated 9 P 9.

. . . ntertidal zone about 150 m from the algal beds. In this case,
ozone destruction over the tropical Atlantic Ocean (Read e{ X S . :
he emitted 4 will mix up and react with other atmospheric

al., 2008). However, reduction in the tropospheric Ozoneconstituents leading to the-@estruction
burden through iodine emitted from coastal marine sources . g to Ihestdestruction. .
The chemistry of iodine at nighttime is still uncertain. The

has not been verified by observations so far. During the 5- . . ) .

week field observations at Mweenish Bay, the mixing ratio gas-phase reaction O‘fw'th.o?’.'.s too slow Mk'.s and Mac-
) farlane, 1985) to lead to significantz@estruction. A sug-

of ozone decreased in several days from the normal levels . e

of ~40 ppb down to as low as 12 ppb. Since the measure-gesmd reaction (Chambers et a!., .1992’ Salz—Lppez et al.,

ments by denuders did not cover all these ozone destructioﬁ??g?g for the formation of atomic iodine (Reaction R1) at

events observed by LP-DOAS and the time resolution of the 9

Mixing ratio (ppt)
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During the campaign OIO was also measured at Mweenish
Bay and Mace Head. Unambiguous identification of the ab-

Based on quantum chemical calculations this reaction haS§0'ption structure of OIO was not realized although it was

recently been proposed to be the major source of iodinecl)gsg)erved selz\\/lleral ti_mhesBabove dtr;e?)detectio'a IimitH(avgrage,
oxides at night (Kaltsoyannis and Plane, 2008). The™“" ppt at Mweenish Bay and 3.3ppt at Mace Head, re-

resulting atomic iodine will then react rapidly with 30 spectively). The measurement (.)fOIO in the spectral region
to form 10 (Reaction R2). The 10 produced can re- of 500—600_nm hag some principal problems (Peters et gl.,
act with NO; (Reaction R3) with a rate coefficient of 2005), Ieadmg to.hllgh reS|duaI' structures and therefore high
9x10-22crm molecule L s~ (Dillon et al., 2008), which errors and high limit of detection. To date the only unam-

will lead to additional N@ consumption and will compete l'i/ilggoussdaytimelOIZOOOrr;eaAsu'(Aemen'_t's isdmpade in thel G;(I)f(g
with 10+IO for nighttime OIO formation. aine (Stutz etal., )- AtMace Head (Peters etal,, '

Saiz-Lopez et al., 2006a), Cape Grim (Allan et al., 2001),
and Roscoff (Mahajan et al., 2009), OIO has been observed
during the nighttime but never in the daytime.

I,4-NO3 — | +IONO;, (R1)

|+03— 10+0, (R2)

I0+NO3 — OlIO+NO> (R3)

3.3 Data evaluation
Our observations during nighttime at Mweenish Bay show
that, with the increase oklconcentrations, the N§con- Gas-phase reactive inorganic iodine specigd@, and OI0)
centrations decrease (Fig. 7). The results indicate the impoave been observed at Mace Head previously (Table 1). A
tance of nitrate radicals for nighttime iodine chemistry in the maximum mixing ratio of 4 of 93 ppt at night and 25 ppt
coastal marine boundary layer (MBL). However, it should be during the day was observed by LP-DOAS during the NAM-
noted that the lower @levels at higherd levels would also g gx campaign (Saiz-Lopez and Plane, 2004). In situ mea-
indicate a lower source of Négjiven the production pathway  syrements of daytime were also performed at Mace Head
of NO3 (Reaction R4). using BBCRDS (Bitter et al., 2005) and at a nearby loca-
tion (Mweenish bridge) using denuder tubes in combination
with ICP—MS analysis (Saiz-Lopez et al., 2006b), which re-
It also should be noted that the observed@s rate for both ~ ported much higher mixing ratios of daytimgedompared to
daytime and nighttime measurements (Fig. 6) is much highethe LP-DOAS measurements (see Table 1). A more compre-
than the value predicted by model simulations by Saiz-Lopezhensive comparison between “single-point” in situ and LP-
et al. (20064, b). A possible explanation could be that otheDOAS measurements was carried out at both Mace Head and
halogen compounds which have the similar diurnal pattern adweenish Bay during the campaign. Note that average val-
I, also contribute to the §loss. Indeed, the activated iodine ues of LP-DOAS measurements within the same sampling
compounds, ICI and HOI, showed a strong correlation withperiod of denuder measurements at Mweenish Bay-Il and
I, (Huang and Hoffmann, 2009). Mace Head were used for comparison because of the dif-

ferent time resolution of the two techniques. As shown in

NO,+ O3 — NO3+ 02 (R4)
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Table 1. Observations of reactive inorganic iodine species (DO, and OIO) at Mace Head and Mweenish Bay, Ireland, by different
techniques.

Species  Location, year Technique Spatiality Max. conc. (ppt) Reference
Daytime Nighttime
I> Mace Head, 1998 LP-DOAS 14.4 km - 6182 Peters et al. (2005)
Mace Head, 2002 LP-DOAS 8.4 km 25 03 Saiz-Lopez and Plane (2004)
Mace Head, 2002 BBCRDS “point” in situ 9420 - Bitter et al. (2005)
Mweenish bridge, 2003  Denuder/ICP-MS  “point”insitu 115 - Saiz-Lopez et al. (2006b)
Mace Head, 2007 Denuder/GC-MS “point”in situ 2910 140.#5.6  this work
Mace Head, 2007 LP-DOAS 13.6 km — 94.4 this work
Mweenish Bay-l, 2007  Denuder/GC-MS  “point”in situ 3083 - this work
Mweenish Bay-1l, 2007 Denuder/GC-MS  “point”in situ = 8%2.8 193.3:9.3  this work
Mweenish Bay, 2007 LP-DOAS 4.0 km — - this work
10 Mace Head, 1997 LP-DOAS 14.4 km &0.5 - Alicke et al. (1999)
Mace Head, 1998 LP-DOAS 14.4 km %=0.3 - Hebestreit (2001)
Mace Head, 2002 LP-DOAS 8.4 km #0.5 3 Saiz-Lopez and Plane (2004)
Mace Head, 2007 LIF “point”insitu  3383.3 - Commane et al. (2008)
Mace Head, 2007 LP-DOAS 13.6 km 406 - this work
Mweenish Bay, 2007 LP-DOAS 4.0 km %49.8 - this work
Mace Head, 1998 LP-DOAS 14.4 km - 92.3 Peters et al. (2005)
Mace Head, 2002 LP-DOAS 8.4 km <4 10.8 Saiz-Lopez et al. (2006a)
0lo Mace Head, 2002 BBCRDS “point” in situ — 13 Bitter et al. (2005)
Mace Head, 2007 LP-DOAS 13.6 km - - this work
Mweenish Bay LP-DOAS 4.0 km - - this work

Fig. 8, the denuder method recorded much higher concentra. g
tions of b than the LP-DOAS method, for both daytime and
nighttime measurements. This can be attributed to the facts
that denuder method provides “single-point” measurements
in the intertidal zone, whereas the LP-DOAS technique pro-
vides distance-averaged mixing ratios of a rather inhomoge- |
neous distribution along the light-path (i.e., 4-14km). AsS « 404
described above, the local algal sources dominate the inor-g
ganic iodine chemistry at Mace Head and Mweenish Bay. a ]
However, under the conditions of Mace Head and Mweenish -+ 20
Bay, the seaweeds extend only over a short distance of the
DOAS light-path and most of the light-path extended over

the open sea. In addition, a verticaldoncentration gradient 0 . . . , . , .
caused by its rapid photolysis during daytime and by diffu- 0 50 100 150 200
sion at night is expected. The vertical distance between the 1, by denuder/GC-MS method (ppt)

denuder mI_ets and the sea level is shorter than that betweeﬂg_ 8. Comparison of 4 mixing ratios measured by denuder/GC-
the DOAS light-path and sea level. Thus, the inhomogeneoug,g and LP-DOAS.

spatial distribution of4 can be responsible for the observed
discrepancies oblmixing ratios.

_ 701
60

504

method (ppt

This does not allow measurements at the spatial and tem-
The maximum mixing ratios of daytime IO measured by poral scales at which the iodine species (O, and OIO)

LP-DOAS at Mace Head are consistent with previous ob-are produced. Therefore, it can be expected that the actual
servations. However, the levels observed at Mweenish Bayeak values of these three iodine species could be higher
are significantly higher than that at Mace Head. These rethan those reported here. This is supported by comparison
sults suggest that Mweenish Bay is a biological “hot spot” of results of IO measurements by LP-DOAS and laser-induced
iodine atmospheric chemistry. It should be noted that LP-fluorescence (LIF) spectroscopy at Mace Head (Commane et
DOAS averages over a few kilometers and the time reso-al., 2008). Since the LIF technique provides “point” in situ
lution of denuder sampling is greater than tens of minutesmeasurements with a very high time resolution (10 s—5 min),
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