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Abstract. We present results of three field campaigns us-which had not previously been analyzed farWe identified

ing active longpath DOAS (Differential Optical Absorp- molecular iodine above the detection limitZ0 ppt), with

tion Spectroscopy) for the study of reactive halogen speciepeak mixing ratios of 6212 ppt. Sinced was undetectable
(RHS) Bro, 10, OIO and4. Two recent field campaigns during the Brittany campaign, we suggest that iodine may not
took place in Spring 2002 in Dagélb at the German North  be released into the atmosphere by macroalgae in general, but
Sea Coast and in Spring 2003 in Lilia at the French At-only by a special type of the laminaria species under oxida-
lantic Coast of Brittany. In addition, data from a cam- tive stress. Only during periods of extraordinarily low water
paign in Mace Head, Ireland in 1998 was partly re-evaluated(spring-tide), the plant is exposed to ambient air and may re-
During the recent field campaigns volatile halogenated ordease gaseous iodine in some way to the atmosphere. The
ganic compounds (VHOCS) were determined by a capillaryresults of our re-analysis of spectra from the PARFORCE
gas chromatograph coupled with an electron capture detecampaign in 1998 support this theory. Hence, we feel that
tor and an inductively coupled plasma mass spectrometewe can provide an explanation for the differeptidvels in
(GC/ECD-ICPMS) in air and water. Due to the inhomoge- Brittany and Mace Head.

neous distribution of macroalgae at the German North Sea
Coast we found a clear connection between elevated lev-
els of VHOCs and the appearance of macroalgae. Extraory
dinarily high concentrations of several VHOCSs, especially

CHsl and CHsBr of up to 1830 pptv and 875 pptv, respec- |t js well established that RHS significantly influence a va-
tively, were observed at the coast of Brittany, demonstratingriety of atmospheric processes. This is impressively demon-
the outstanding level of bioactivity there. We found £I#1  strated during polar spring, when boundary layer ozone is de-
at levels of up to 20 pptv, and a clear anti-correlation with pjeted within days or even hours by catalytic cycles involving
the appearance of I0. The IO mixing ratio reached up topromine, the so-called “bromine explosion” events (Blgtt
7.7+0.5 ppt (pmol/mol) during the day, in reasonable agree-and Lehrer1996. The presence of halogen oxides outside
ment with model studies designed to represent the metedpo|ar regions could influence the ozone budget as well as the
rological and chemical conditions in Brittany. For the two oxjdation capacity of the troposphere by catalytic destruction
recent campaigns the DOAS spectra were evaluated for BrQyj5 X+03 and by affecting the NO/N®and OH/HQ par-
OIO and b, but none of these species could be clearly iden-titioning (e.g.Platt and Hnninger 2003. On local scales
tified (average detection limits around 2ppt, 3ppt, 20 ppt,the presence of BrO in mid-latitudinal regions has been ob-
resp., significantly higher in individual cases). Only in the served thus far in a variety of different environments, e.g. salt
Mace Head spectra evidence was found for the presence Qkes Hebestreit et a).1999 Stutz et al, 2002 Honninger
OIO. Since macroalgae under oxidative stress are suggesteq a|, 2004h Zingler and Pla{t2005 and volcanic plumes

to be a further source foplin the marine boundary layer, (Bobrowski et al, 2003 as well as in the marine boundary
we re-analyzed spectra in the 500—600 nm range taken dun[ayer (Leser et al. 2003 Saiz-Lopez et al.20043. Sig-

ing the 1998 PARFORCE campaign in Mace Head, Ireland pificant appearance of reactive iodine species (10, O3, |
has thus far been reported primarily from coastal sites. An
Correspondence tcC. Peters overview of the hitherto detected mixing ratios of RHS in the
(christina.peters@iup.uni-heidelberg.de) lower troposphere is given in Table IO could contribute to

Introduction
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Table 1. Observation of RHS in the troposphere by the active and passive DOAS technique.

Spec. Location, year Max. Conc. [ppt] Err¥(20) [ppt] Reference

10 Mace Head, Ireland (1997) 6.7 0.5 Alicke et al.(1999

10 Mace Head (1998) 7.2 0.3 Hebestrei(200])

10 Mace Head (2002) 7 0.5 Saiz-Lopez and Plan20049

10 Tasmania (1999) 2.2 0.4 Allan et al.(2000

10 Tenerife, Can. Islands (1997) 35 0.4 Allan et al.(2000

10 Kerguelen, Ind. Ocean (2002) <D.L.(1.4) 14 Sebastin (2004

10 North Sea, Germany (2002) 21 0.5 this work

10 Atlantic Coast, France (2003) 7.7 0.5 this work

10 Crete, Greece (2003) <D.L.(0.8) 0.8 Hdnninger(2002

10 Dead Sea, Israel (2000) 10 24 Zingler and Plat{2005

10 Antarctic and Arctic 10 - Friel3 et al(2007), Wittrock et al.(2000
10 Alert, Arctic (2000) 0.73 0.23 Hdnninger(2002

OIO  Cape Grim, Tasmania (1999) 80 0.5 Allan et al.(2009)

OlI0O  Mace Head, Ireland (1998) $2 3.3 this work

OI0O  Mace Head, Ireland (2002) %0 0.5 Saiz-Lopez and Plan2004

I> Mace Head, Ireland (2002) 93 3 Saiz-Lopez and Plan2004)

Io Mace Head, Ireland (1998) 61.3 12 this work

I> Atlantic Coast, France (2003) < D.L. (10.15) 10.15 this work

BrO  Mid.Lat. MBL 6.0 - Leser et al(2003, Saiz-Lopez et al(20043
BrO  Saltlakes (Dead Sea, <176 - Hebestreit et al(1999, Matveev et al(2001),

Salt Lake City, Caspian Sea,
Salar de Uyuni)
BrO  Antarctic, Arctic 30

BrO Volcanoes ~1000

Wagner et al(2001), Stutz et al (2002,
Hodnninger et al(20043

- Hausmann and Plat1 994, Tuckermann et al1997),
Hegels et al(1998, Martinez et al(1999,
Honninger et al(2004h, Frie3(200)

- Bobrowski et al(2003

35010(5486 NM)=6.8x 10~ L7cm? (Cox et al, 1999
booi0(5486 nm)=1.1x 10~ 17cm? (Bloss et al, 2001)

Offline Preconcentration
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ozone destruction in a manner comparable to BrO, even in
low mixing ratios. Additionally, recent field and laboratory
studies indicate that reactive iodine plays an important role
in new particle formation processdddffmann et al. 2001,
O’Dowd et al, 2002 Jimenez et al2003 Burkholder et al.
2009. Instances of particle formation, with concentrations
of up to 16 particles/crd, have been observed in marine en-
vironments (e.gO’Dowd et al, 1998 Makek et al, 2002.

As particles in the marine atmosphere affect the microphysi-
cal properties of stratocumulus clouds, they potentially have
an impact on climate. Therefore the investigation of sources,
appearance, and distribution of reactive iodine species on a
global scale is of high interest in present research activities.

The current understanding of the particle formation pro-
cess is quite limited.O’Dowd et al. (2002 proposed that
particle formation in coastal environments is dominated by

Fig. 1. Schematic overview of the GC/ECD-ICPMS, which is a polymerization of the OIO radical. However, field observa-

highly sensitive detection method for halogenated hydrocarbons.

Atmos. Chem. Phys., 5, 3353375 2005

tions of OlO in the marine environment are rafdlén et al,
2000, even though great effort was made for its detection.
These measurements, as well as observations presented in

www.atmos-chem-phys.org/acp/5/3357/
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Fig. 2. The three campaign sites Mace Head, Lilia and Datie@he lightpaths are indicated by red arrows. The shorter lightpath (dotted

line) was used if the atmospheric conditions didn’t allow measurements on the longer one. The shaded areas always indicate the intertidal
zones, where the water was removed during low tide. In Dialgeds well as, in Lilia the lightpath crossed primarily through the intertidal

zone, whereas in Mace Head the lightbeam mainly passed over sea. In the latter location the tidally influenced area with fields of algae is
located in easterly direction, e.g. Ard Bay and Bertraghboy Bay.

this paper, seem to indicate that OIO is present in coastabchall and Heuman(il993; Carpenter et al(1999. Due
regions, but in average mixing ratios clearly below 10 ppt.to the short photolytic lifetime of Chl,, iodine atoms are
These mixing ratios are insufficient to explain particle for- released within minutes into the atmosphere, where they
mation processes, accordingBarkholder et al(2004), and quickly react with ozone to form 10.

they therefore suggested an inhomogeneous source distribu- ta getection of molecular iodine at Mace Head was re-
tion in so-called “hot spots” to expla.in this gpparent discrep-cenuy reported bySaiz-Lopez and Plan@004), who found
ancy. However, inhomogeneous distribution of RHS alongpigp|y elevated levels oflclosely correlated to minima in
the lightpath cannot be resolved by longpath DOAS measuregja| height, again indicating macroalgae to be the source.

ments. However, it is unclear if the appearance gfi$ a common
The most likely source of reactive iodine is the emission PN€nomenon in the marine boundary layer, since the results

of organohalogens by macroalgae, which would fit well into have not been confirmed at other coastal sites thus far.

the picture of inhomogeneous release due to the patchy dis- In this study we present field data from three different mar-
tribution of algae in coastal regions. Diiodomethane is bio-itime locations. The first part of this work, the experimental
genically emitted by a variety of macroalgae, as reported bysection, addresses the DOAS technique, and the method for

www.atmos-chem-phys.org/acp/5/3357/ Atmos. Chem. Phys., 5, 33332005
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the determination of the VHOCSs with the GC/ECD-ICPMS ter the cryo-focusing procedure, the VHOCSs were separated
is briefly explained. In the following section a detailed de- in a capillary column and determined by an electron cap-
scription of the three different measurement locations (Gerture detector (ECD) coupled on-line to an inductively cou-
man North Sea Coast, the French Atlantic Coast and Maceled plasma mass spectrometer (ICPMS). For the analysis of
Head, Ireland) is given, followed by a description of the chlorinated and brominated compounds ECD is a highly sen-
DOAS data analysis for the evaluated species BrO, 10, OIGsitive method, but for iodinated compounds the ICPMS has
and b. In the last section we discuss a comparison of thethe advantage of element specific detection, which is espe-
results with model studies. cially important for the identification of unknown and coelu-
ating chromatographic peaks. A schematic overview of the
GC/ECD-ICPMS system is given in Fid. For details the

2 Experimental setup reader is referred t8chwarz and Heumar(@002.

2.1 The DOAS system

The well established method of DOA®I&tt and Perngr 3 Measurement sites

1983 Platt 1994 identifies and quantifies trace gases by .

their individual narrow band absorption structures. We usedV& Present data from three measurement sites. The recent
this technique to perform measurements of the RHS IO,f|eld campaigns at the North Sea in 2002 and in Brittany in
BrO, OIO, I, and further species such as N@Ds, H,0 2003 were conducted within the framework of the ReHaT-
04 and HCHO, with an active longpath DOAS instrument. rop pr'oject, which is part of the German A_FOZOOO (Atmp-
For the campaigns in 2002 and 2003 the telescope was o _pherlq Research Program) program. During these two field
erated with an artificial light source (active), a high pres- @mpaigns VHOCs were measured by the group of Heumann

sure Xe-arc lamp of the type PLI HSA-X5002 (Professional &t @l Uni Mainz, and RHS by the group of Platt et al.,
Lamp Inc., USA). The lightbeam was sent through the atmo-Univ. Heldelberg. Additionally, data from the 1998 PAR-
sphere, reflected by an array consisting of 180 quartz prisnf ORCE campaign at Mace Head, Ireland was re-analyzed,
retro-reflectors at a distance of 9472 m (Brittany, 2003) and€presenting a further coast'al e'nV|r.onm('ant.'An overview on
9173 m (North Sea, 2002), resulting in a total absorption patHNese three measurement sites is given in Zig.

length of twice the distance to the reflectors (i.e., 18.9km .

and 18.3km, respectively). The returning light was analyzeds'1 Dagelill, German North Sea Coast

by an Acton 50pro spectrometer (f=6.9, 600 gr/mm grat- Between 18 April and 17 May 2002, we conducted an in-

ing, thermostated to 250.5°C) equipped with a 1024 pixel tensive field campaign in Dagéb(54.73 N, 8.69 E) at the

photodiode array detector (type Hamamatsu S3904-1024) )
resulting in a spectral resolution of about 0.5nm FWHM. German North Sea Coast. Tidal effects and the flat coastal

area cause the unique character of the nature reserve Wadden

Three different wavelength ranges were routinely covered toSea In times of low tide extended areas alond the coast-
measure the species of interest: BrO in 230 nm, 10 in ' 9

420+40 nm, OIO as well asplin 550+40 nm. Within these It!r;elare exp?sgeg to;hg atrtr;]osphere.'We obf?e'rve:jta maximal
spectral ranges related absorbers such as, KIg, HCHO, tlh: rartlé:;et()) IO‘ Theungg et_campatlr?n,fstjh |C;Deg Agr_emtove
H>0O and Q were accounted for as well. The mixing ratios water below absorption path ot the Instru-

of the respective absorbers were derived by a non-linear leagpent completely (see Fig). The weather conditions were,

' . . in general, stormy and rainy, with just a few sunny periods.
squares fit$tutz and Plaft1996, by simultaneously adjust- i 4 .
ing all relevant absorbers, together with a polynomial anolThese conditions strongly disturbed continuous DOAS mea-

a spectrum for the correction of lamp features to the atmo_surements. Since spring started late in that year, macroalgae

spheric spectrum. An experimental setup with similar Char_appeared isolated and rarely within the intertidal zone. The

acteristics and the same measurements strategy was usedféposphere was moderately polluted, with 0.5-8 ppky NO

the earlier study at Mace Headébestreit2001 Honninger ro;ughoout tShe campaign. itioned h f a2 dvk
1999. The total light path length in this case was 14.4 km. The DOA Instrument was positioned on the top of a dyke
at few meters distance to the waterfront in times of high tide.

2.2 The GC/ECD-ICPMS Two different lightpaths were set up and used alternatively,
according to the atmospheric visibility. In Fig.both light-

The measurements of VHOCSs for the two recent campaigngaths are shown for each measurement site with red arrows.
were performed by an GC/ECD-ICPMS. Since the detectionThe primary lightpath (solid line) crossed the intertidal zone
system is not mobile, air and water samples were taken at that just 3—7 m height to the small island Langenef3 at 9172m
campaign site and analyzed later in the laboratory in Mainz distance (total length 18.34 km).

The air sampling was carried out by adsorption on carbosieve To determine the impact of the appearance of macroalgae
Sl or carboxen in the field, and subsequent thermal desorpen VHOCS, air samples for the GC/ECD-ICPMS analysis
tion of the analytes into a cold trap in the laboratory. Af- were taken at various locations. We sampled air primarily

Atmos. Chem. Phys., 5, 3353375 2005 www.atmos-chem-phys.org/acp/5/3357/
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Table 2. Differential absorption cross sections used for the data 1.5x10%

analysis in this work. 1.0x10%

. -3
Species Reference 5.0x107 4

Atmospheric
Spectrum

HCHO (298K) Meller and Moortgaf2000) 0.0

04 (287 K) Greenblatt et al(1990 YT T T T T T 1
03 (293K) \oigt et al.(2007) 3.0x10° ]
NO> (293 K) Voigt et al.(2002 E
H,0 (298K)  Coheur et al(2002 g 20x107
= 1.0x10°
BrO (298K)  Wilmouth et al.(1999 o xoo .
10 (295K) Honninger(1999 -]
0IO (295K) Bloss et al(2001) B
I5 (295 K) Saiz-Lopez et a2004k) 2]
1.6x10°
g 1.4x10° ]
o 12x10° ]
z 2 ]
at a small water pool at 500 m distance to the DOAS instru- 1007
8.0x10°

ment. This pool was only flooded during very high tide, al-
lowing that some green algaBlya Lactuca, Enteromorpha 6.0x10* ]

compressacould grow in this protected area. Air samples a 3ox10® ]
were also taken close to the DOAS instrument, within the in- S 00
tertidal zone above sandy ground, but with no macroalgae in % 3.0x10°
the vicinity. T eoxtot ]

3.2 Lilia, French Atlantic Coast, Brittany aT AR 4B A am R s 4B e
wavelength [nm]

The intensive field campaign in 2003 was carried out from

6 May to 13 June in Lilia (48.62N, 4.55 W), a small vil- Fig. 3. Sample evaluation of IO. In the upper panel the atmospheric

lage at the French Atlantic Coast of Brittany, 50 km north spectrum taken in Brittany on 5 June 2003 at 16:00 GMT is shown,

of Brest. In contrast to Dagéb, the site was characterized after a highpass filter was applied to remove broad banded spectral

by extraordinarily high biological activity. Extended fields features. In the second and third panel the absorption structures

of macroalgae were present all along the coast, with a varifi?S?g”etho 10, N@arz 5?0‘%’”@)'2 iStC'ear'y iqe”tifil‘?dﬁta”?hthf

ety of different algae species ranging from green, to brown™X!NY ratio corresponds 1o 2.=%.2 ppt, assuming a fightpath o

to red algae e.d.aminaris Fucus Vesicolosus, Ascophyllum gﬁzr(ljyoig Ir(]r:t' Slllivrzﬁyfgagf ;r%ec?jrteos peak noiseQgha10~>

NodosumThe measurement site is situated in the north-west '

of Brittany, directly at the Atlantic Coast. Although clean air

was typically trgnsported by V\{esterly flows _from the open During the 2002 North Sea campaign the RHS and VHOC
Atlantic to the site, some pollution by NGpecies has to be 645 rements were not co-located to demonstrate the impact
accounted for (N@ of up to 7.5ppb). The campaign t00k ot macroalgae on the appearance of VHOCs but during the

place in late spring close to the summer solstice, with an av»3 Brittany campaign, the VHOCs were measured by al-
erage of 15.5 sunlight hours, defined as solar zenith anglg\,ays sampling next to the DOAS instrument.
SZA<90r.

As in the previous campaign in 2002 at the North Sea,3.3 Mace Head 1998
the DOAS telescope was set up at a few meters distance
to the waterfront in times of high tide. The lightpath of In September/October of 1998 the group of Platt et al. con-
9472 m length (total absorption length 18.94 km), indicatedducted active longpath DOAS measurements during the field
by a solid line in Fig.2 was primarily used. Only during campaign in Mace Head, Ireland (5338, 9.90¢ W) in the
periods with low atmospheric visibility was the lightpath, in- framework of the PARFORCE project. Spectra were taken
dicated in Fig2 by a dotted line, used. for the detection of BrO, 10 and OIO. The results have al-
The tide in Brittany is quite pronounced, with a maximum ready been published for Br&@&nder et a]2003 as well as
in tidal range of 7.5m during the campaign. The lightpath for IO (Carpenter et al2001).
crossed the intertidal zone at 10-14 m height above average As I, was not accounted for in the original analysis, all
sea level. In times of low tide the water was removed to morespectra in the 500-600 nm range were re-analyzed and the
than 60% below the lightpath. results are discussed in this work. Due to the availability

www.atmos-chem-phys.org/acp/5/3357/ Atmos. Chem. Phys., 5, 33332005
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Fig. 4. Sample evaluation of the BrO fit. The absorption structures 530 535 540 545 550 565 560 565 570
of BrO are not clearly identified above the residual, even if there
is some evidence for it in this example. The corresponding BrO

mixing ratio for the lightpath of 18.94 km is 1.4%.88 ppt.

wavelength [nm]

Fig. 5. Example for the spectral identification of.IThe spectrum
was taken on 5 October 1998 22:07 GMT during the PARFORCE
ampaign in Mace Head. The corresponding mixing ratioydsl|

of better absorption cross section in recent years OlO wa%1 29:9.36 ppt. and for OIO 5.203.19 ppt

also re-analyzed in this wavelength range. Due to a variety
of intensive field studies at Mace Head within recent years,

a detailed description of the measurement site can be founﬁeously adjusting the relevant atmospheric absorbers in the

elsewhere (e.gCarpenter et 81200]). The site is, in some respective wavelength range to the atmospheric spectra. To

;’(\gﬁl’ Vii?usélr:rgleadr LO t’[;g;r);f?égznﬁnzhtig%%?gIt?iﬁ;fi;gg:‘f;\ remove spectral features caused by the DOAS lightsource,
y y ' z% daily recorded lamp reference spectrum, in addition to a

rocky c<|)ast and cold water results in a strong appearance opolynomial of the 5th order, was included in the fit as well.
macroaigae. : The detection limit is estimated by multiplying a factor 2 to
Th?l%f?tg:tﬁ ﬁ;isgggekxagé?;tif;; Ifjitlf;g?ovxgt?gi?]?_tthe statistical error (d)_ resulf[ing from the non Iinear fit pro-
ing to the opposite s.ide of the bay Wherea.reflector V\;as posipedure.. However, this estimation of t_he detecngn .I".mt 'S
tioned. The lightbeam mainly crossed ocean water, with onlyOnly val_|d for a mostly L_mstructured re5|dual._ For mdwu_jugl
' ' . ’cases, if significant residual structures remain, the statistical
small areas close to the coast that were affected by the t'de%rror has to be multiplied by a factor of up to 3 according

However, east of the lightpath, extended fields of macroalgatlafo studies byStutz(1996. Hence, the individual error and

gre expdosBedtto t?}g atnéospherequnng times of low tide (Ardtherefore the detection limit can be significantly higher than
ay and Bertraghboy Bay, see FR). the & range for individual cases.

We analyzed |0 between 418 and 440 nm, where three
4 DOAS data analysis of the strongest absorption bands (3-0, 4-0, 5-0) of the
electronic transition Allg,<X°I3, are found. The
The software WinDOASKayt and van Rozendg@00l) was  strong 2-0 band was excluded to avoid conflicts with
used to perform a non-linear least squares fit, by simultawater absorption and broadened lamp structures in the

Atmos. Chem. Phys., 5, 3353375 2005 www.atmos-chem-phys.org/acp/5/3357/
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Table 3. Overview of mixing ratios and detection limits at the three described measurement sites. Resulis ©§NO and BrO for Mace
Head are adapted from the original analysisHsbestreit2001); Honninger(1999. The average, minimum, and maximum value of the
statistical (2) detection limit (D.L.) and the mixing ratio (m.r.) for each species is given.

Species Av.D.L. Min/MaxD.L. Av.m.r. Max m.ek: 20

Brittany 2003 NG 0.23ppb  0.09/0.73ppb  1.02ppb (5440.26) ppb
O3 1.2 ppb 0.7/4.6 ppb 42.67ppb  (88:85.01) ppb
10 0.23ppt  0.13/0.96 ppt 0.75 ppt (&D.5) ppt
BrO 0.67ppt  0.37/2.36 ppt 0.75 ppt (3:29.30) ppP
olo 1.84ppt 0.69/5.80ppt —0.24ppt (13.34.96) ppP

lo 7.58ppt  2.84/23.95ppt —0.82ppt  (23.29:10.6) ppP
North Sea 2002 IN[9) 0.02ppb 0.01/0.05ppb  1.9ppb (8:40.02) ppb

O3 2.8 ppb 1.8/23 ppb 37.25ppb  (52:3.6) ppb

10 0.28ppt  0.18/0.65 ppt 0.35ppt (180.65) ppt

BrO 1.47ppt  0.6/4.08 ppt 0.2 ppt (228.36) ppP
(e][e) 2.75ppt  1.18/12.19ppt  4.27 ppt (15:26.65) ppP

Mace Head 1998 N& 0.07ppb  0.02/0.6 ppb 0.6 ppb (66@.07) ppb
O3 4.3ppb 1.4/15.5 ppb 32.35ppb  (#3.9)ppb
10 0.91ppt 0.3/6 ppt 0.48 ppt (HD.3) ppt
BrO 245ppt  0.88/9.45ppt —1.28ppt (4.14.2) pp|.D
o102 3.22ppt  1.78/5.12 ppt 0.69 ppt (949.25) ppt
P 9.99ppt  7.6/27.6 ppt 6.6 ppt (61292.09) ppt

@ Re-analysis Mace Head 1998 data
b No identification in the spectrum

range of 440-450nm. The cross section Hénninger  flicts with highly varying structures caused by the operated

(1999, recorded with a resolution of 0.09nm, and lightsource. We applied thesDNO,, H>O, OIO and  cross

odiff (427.2nm=2.6x10"7cm? (4-0 transition band) was sections (references in Talpto the fit scenario, besides a

used. In addition, an absorption cross section o, N§&@e  5th order polynomial according to the extended evaluation

Table2) was included in the analysis. range. A sample evaluation of 5 October 1998, 22:07 GMT
Throughout both recent campaigns the detection limit foris shown in Fig5. Sixteen absorption bands ef ¢ould be

IO was on average below 0.5 ppt. In FRja sample evalu- clearly identified.

ation of 5 June 2003 in the afternoon gives an overview of Water absorption structures are present over major parts of

the spectral identification of 10. The presented spectrum corthat wavelength range. Due to the incompleteness of avail-

responds to a mixing ratio of 2.99.2 ppt, which demon-  able water vapor line databases, the removal of water vapor

strates the clear identification of three 10 absorption bandsabsorptions in the spectra is partly insufficient and causes

already at moderate levels. high residual structures. In addition, varying structures of the
Due to the long exposure times necessary in the near U\light source have to be accounted for. These structures vary

range (295-375nm) on absorption paths of nearly 20 kmgstrongly in time, and the remaining structures in the residual

measurements in this wavelength range were restricted tare not stable or interpretable in a simple way as an instru-

times with very clear atmospheric conditions. Under clearmental effect.

conditions the acquisition of one spectrum took an average

of 5-15min. The evaluation range was set to 323-352.5 nm,

including 6 vibrational transitions of the?Alz»<X?I13» 5 Results and discussion

of BrO transitions to provide an unambiguous spectral iden-

tification. Besides the lamp spectrum, a 5th order polynomialln the following section, the results for determined VHOCs,

and literature absorption cross sections af O3, NO, and 10, BrO, OIO, and $ are presented and discussed for the

HCHO (see references in Tali were applied. A sample campaigns described above. Additionally, we compare the

evaluation is given in Figd. The optical density of the BrO results of the 2003 Brittany campaign to model calcula-

absorption is in a similar range as that of the residual. Henceions with the marine boundary layer model MISTRA in or-

an unambiguous detection of BrO was not possible. der to check for consistency of our observations with the
We evaluatedd and OIO in the range of 530-568 nm to present understanding of atmospheric chemistry. A complete

provide good spectral identification but to avoid greater con-overview on the results and the respective detection limits of
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Table 4. The concentration range of all continuously detected iodinated and brominated hydrocarbons is given. If comparable data was

available, the range of published data is given. “nd” means below the detection limit.

Species Lilia Brest Mace Head Dagsib Gran Can.

Air samples Brittany Brittany Ireland North Sea Can. Islands

[pptv] thiswork  Pruvost(200]) Carpenter et a(1999 thiswork Ekdahl et al(1998
2003 2000 1999 2002 1998

CHsl 7.6-1830 5.7-386 0.1-1.5 4.7-23.5 24-84

CoHsl 2.22-96.9 0.02-1.2 0.3-0.7

2-CgHyI 0.2-9.1 0.1-0.3

1-CGzH7I 0.35-34.8 0.01-1

CHoCII 0.35-12.4 0.9-2.7 nd-0.02 0.1-3 nd-19

CHyBrl 0.55-9.9 0.04-0.2

1-C4Hol 0.84-321 0.2-1.1 10-89

2-C4Hol 0.12-12.3 0.02-0.3 0.02-0.1

i-C4Hgl 0.2-14.4 0.04-0.2

CHolo 0.11-19.8 0-57 0.02-0.4 0.3-3.1

CHg3Br 12.2-875 9-26 3.1-23.2

CoHsBr 11.3-865 0.1-0.5 0.3-1.8

CHyBro 2.36-262 1-12.1 0.4-2 37-340

CHBrCl 12.5-246 0.3-1.8 0.1-1.2 6—-290

CHBr,ClI 3.47-128.2 0.3-1.9 0.3-1.8 0.2-1.2 19-130

CHBr3 10.5-393 3.8-58 2-16 1.1-11.2 500-2500

ool T The detected species show significantly elevated levels for
o Sea the measurement site in Lilia (Brittany) which can be seen

in Fig. 6, where the average and maximum detected concen-
tration of iodocarbons at the three measurement sites (North
Sea, Brittany and Mace Head) are compared.

In several cases (e.g. Ghl CH3Br), the observed levels
exceed that of other coastal regions by up to two orders of
magnitude, demonstrating the outstanding biological activ-
ity of Brittany. The mixing ratio ranges, especially for the
brominated species measured during the Datjebmpaign,

Fig. 6. Diagram for different iodinated VHOCs at three different are in good agreement with observations at Mace Head, Ire-
coastal sites. For each location the average and maximum detectggind (see Tabld).
mixing ratios is indicated. The bars are missing if no datawas avail- | incubation experiments performed with several
able or the mixing ratios were to close to zero. Note the logarithmicmacroalgae during the 2002 North Sea campaign, charac-
scale. teristic production patterns for different algae species were
found, which are in agreement with former investigations of
polar macroalgaeSchall et al. 1994. However, the general
the RHS measurements by longpath DOAS is given in Ta-production pattern seems to be unique for different algae
ble 3, and the respective overview of results of the VHOC species. It should be noted that the absolute production rate

Concentration [pptv]

CHI CHJ 2-CHJ I-CHI CHCI CHBrl I-CHJ 2-CHJI CHJ,

measurements in air is shown in Tallle differed significantly between single incubation experiments,
which may be explained by the impact of stress factors, as
5.1 VHOC in-situ measurements well as the biological state and age of the plant. In Fig.

the emission fingerprints of three different algae species,
Ten iodinated and six brominated volatile hydrocarbons inpopulating the German North Sea coast are shown.
air were identified at both 2002 North Sea and 2003 Brit- These emission fingerprints show good agreement with
tany campaign sites. The detected mixing ratios ranges foVHOC measurements taken at different locations which were
these species are summarized in TahleData from two  dominated by the respective type of macroalgae, as can be
other coastal regions (i.e. Brest and Gran Canaria) are addegeen in Fig8.
whenever reported measurements were available.
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Fig. 7. Fingerprints of VHOC emissions of three different algae found "’_u the sam_plmg site. Excep_t for gHand CHBr the con- .
found at the German North Sea Coast. The data is averaged ové:remr_"’lt_'o_nS are S|gn|f|ca_1ntly _Iower if no macroalgae are present in
several incubation experiments during 2001 and 2002 at the Germawe vicinity at the sampling site.

North Sea Coast.

two measurements of Gith exceed 10 pptv during high tide,

The sampling location without macroalgae was situatedin both cases very shortly after sunset, which we cannot ex-
close to the DOAS telescope in the nearby intertidal zone plain conclusively.
while the location with green algae was an enclosed water
pool at a distance of 500m. Air samples were also taker5.2 Results of 10 analysis
3.5 km away from the DOAS instrument at $ittsiel, where
a small population of the brown alg&eicus Vesiculosuis- During the North Sea campaign in Spring 2002, the 10 rad-
habited parts of the coast line. The comparison to the fingerical was the only identified halogen oxide. We detected a
prints resulting from incubation experiments shows the cleammaximum of 1.90.65 ppt. Due to the problematic weather
influence of macroalgae on the detected levels of VHOCsconditions we did not record a continuous time series, thus
and indicates that the production pattern is characteristic fowe did not observe daily cycles, as in Brittany or in Mace
the individual algae species in their respective natural habitatHead. Correlations of halogen activation to the source

During the North Sea campaign a phytoplankton bloomspecies (Chll2) could not be observed either. During the
was detected, and the emission rates of the VHOCgICH 2003 Brittany campaign we detected a maximum mixing ra-
and GHsl increased in a correlated manner. In RBgCHGal tio of 10 at about 7.20.5 ppt, which is comparable to max-
and CHBr show comparable concentrations at all of the lo- ima we found in Mace Head during the 1998 PARFORCE
cations, which can be easily understood by the long pho-campaign. In Figl0 the time series of all relevant species
tolytic lifetimes of both species. The existence of open oceartaken during the 2003 Brittany campaign is given. We ob-
sources and the impact of microplankton on appearance a$erved a strong diurnal cycle for 10 on every day, closely cor-
VHOCSs were already indicated by estimationgGafrpenter  related to low tide, as can be seen in Fi§. Small amounts
(2003, who found that seaweed production calculated fromof the 10 radical of up to 1.0 ppt were found during daytime
measured emission rates, in conjunction with biomass estihigh tides, but since the water level in Brittany is very vari-
mates, could not support the levels of g¢ldnd CHICI mea- able and the coastline very craggy, a complete coverage of
sured in surface coastal waters off the coast of Mace Headhe algae was never assured. Hence, a possible open ocean
That lead to her suggestion of additional marine sources fosource for reactive iodine cannot necessarily be inferred from
these compounds. The influence of tidal effects on the apeur results. However, the data set demonstrates clearly that
pearance of VHOCs was analyzed in detail during the Brit-macroalgae, exposed to air are the main contributors for reac-
tany campaign in 2003. For most VHOCSs, a strong increasdive iodine in the lower atmosphere. The time series recorded
during low tide periods was observed. This is demonstratebetween 24—-28 May is shown in Fif2 (upper panel). High
in Fig. 9 for the short-lived iodocarbons Gh and CHIBr. tide occurred around noon. The 10 peaked two times a day
As could be expected from the short photolytic lifetime, the and showed a minimum at midday. The peaks coincided
concentrations of these species are significantly lower duringvith low tide, when the area of exposed algae was enhanced
the day. A clear anticorrelation to tidal height could be ob- and the production of most VHOCs was significantly ele-
served for the nighttime data. However, as shown in 8jg. vated (compare Fig®). From 2-5 June, low tide occurred
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Fig. 9. Concentration of the short lived iodocarbons £IBt and Chbl» in the absence (upper panel) and in the presence (lower panel)

of sunlight during 2003 Brittany campaign. At night the observed concentration of the iodocarbons significantly decreases with increasing
water level. The error bars are estimated to be in the order of 1098 ctwearz and Heumar(8002). The outliers in the upper panel exceed

10 pptv during high tide, both cases shortly after sunset, may indicate a late accumulation of the shortived CH

at midday, and we observed a nicely pronounced 10 daytimeof the BrO signal on tidal height or the appearance of bromi-
cycle on four consecutive days, with peak 10 mixing ratios nated hydrocarbons. However, due to the insufficient sensi-
apparently more elevated than during the May period (sedivity of the instrument, no further conclusions can be drawn.
different y-axis scale in Figl2) This finding is in qualita- A modelling sensitivity study suggests that BrO mixing ra-
tive good agreement with respective model calculations (sedios are affected by such high GHBr mixing ratios, although
Sect5.5.2. well below the detection limit of the DOAS method (see

Sect.5.5.2.
5.3 Results of BrO analysis

5.4 Results of OlO anaglanalysis
The unambiguous identification of BrO absorption structures
in the spectra was not possible in any of the three describellVe were not able to identify the absorption structures of OIO
campaigns. The average statistical detection limit for BrOor I, unambiguously in the spectra during the campaigns at
from the North Sea data set was 1.47 ppt, slightly abovethe North Sea and Brittany. Although the mixing ratio ex-
the estimated limit resulting from the 2003 Brittany cam- ceeds several times the statistical 8etection limit (max-
paign with 1.35 ppt. For the Mace Head campaign in 1998,imum mixing ratios of 13.3 ppt in Brittany, 15.3 ppt at the
Honninger(1999 gives a mean detection limit of 2.45ppt. North Sea, see Tablg), the optical density of the respec-
Detection limits and maximal values for BrO are listed in Ta- tive absorption structure is in the same order as the resid-
ble 3. These results confirm upper limits for BrO in the MBL ual, so that no definite statement is possible. The analy-
of 1.5-2 ppt, as previously reported from several coastal sitesis in the 500-600 nm region has some principal problems
(Sander et al.2003 and references herein). BrO mixing ra- causing these high residual structures that resulted in high
tios below the detection limit are also predicted by the re-errors for individual cases, that well exceed the respective
spective model studies for Brittany (see Séc6.2. Our statistical & detection limit. The observations of OlO above
measurements in Brittany can also be understood as an uphe detection limit during two evenings of the experiment in
per limit for BrO from organic sources, since we measuredMace Head 1998 confirms the report of OlO at Mace Head
CHalIBr as a possible source for reactive bromine in excep-by Saiz-Lopez and Plan@004), but it should be noted that
tionally high mixing ratios (up to 10 ppt), which have thus the unambiguous identification of the OIO absorptions in the
far not been reported. Brominated hydrocarbons have lifespectra has as well difficulties. The time series in Blgis
times on the order of days and weeks, with the exception ofonly shown for times with stable lamp reference structures.
CHoIBr, which has a photolytic lifetime of1 h (Mossinger  In the remaining time (16—29 September) the interference of
et al, 1998. A statistical analysis of all BrO data taken dur- the temporarily varying lamp structures with the OIO absorp-
ing the Brittany campaign gives no indication that organic tions were too strong to allow the identification of OIO. The
species are precursors for BrO, since there is no dependen@ppearance and the magnitude of OIO in the MBL is of great
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Fig. 10. The time series for the RHS compounds, Néhd G; for the campaign in Lilia, Brittany during May and June, 2003. Neither |
and OIO nor BrO could be identified unequivocally above their respective detection limits.

interest due to the possible impact on new particle forma-three consecutive nights. Within a short time frame the |
tion processes. In this respect we have to consider that ouncreased rapidly from below the detection limit to peak val-
DOAS measurements along the absorption-pathszff km ues of more than 60 ppt (see Figl). The abrupt rise of the
were not suitable to detect inhomogeneous sources for OlQ, mixing ratio is closely correlated to the minima in tidal
as proposed byurkholder et al.(2004), due to averaging height. With rising water level,,l disappeared as fast as it
over extended airmasses in time and space. In contrast tappeared. ol was observed for the first time in Mace Head
the results in Brittany, we could identify lsuccessfully in  during the 2002 NAMBLEX campaign bfaiz-Lopez and
the Mace Head data set of 1998, with peak mixing ratios ofPlane(2004. They reportedd mixing ratios of up to 93 ppt
more than 60 ppt. The completg time series with corre-  at night (and 25 ppt during daytime) measured by active long-
sponding tidal height is given in Figd.3. The highest mix- path DOAS technique. The peak mixing ratios appeared
ing ratio of b was detected at the end of the campaign onclosely correlated to low tide, indicating macroalgae as the
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tion of I with spring-tide during periods with easterly winds
6 we conclude that macroalgae inhabiting the lowest part of
~ DaytimelO | the intertidal zone, such dsaminaria, are the most likely
- Nighttime 10 source for the observed &t Mace Head. The high ixing
1 ratios indicate that these algae produgat extremely high
] rates during times when they are exposed to ambient air, i.e.,
28-1.95¥TH+0.13 * TH® during Spring-tide_
1 In Brittany we found a great variety of different algae,
which were regularly exposed to the atmosphere over ex-

10 [ppt]

R = 0.002 o . *j; A tended areas during tidal minima, but no evidence for ele-

07 s S et A 1 vated b emissions. Since the laminaria species preferably
. ‘ M ‘ ‘ ‘ ‘ Sy ‘ inhabit areas unaffected by the normal tide, the plants are lo-
! 2 B 4 s 6 4 e cated far off the coast due to the high tidal range of up to

Tidal height (TH) [m] L . . .
e 14m. The laminaria species present in Brittany were there-

Fig. 11. Correlation of 10 mixing ratio with tidal height, separated fore maybe too far from the DOAS instrument to yield de-
for day and nighttime data, taken in Brittany 2003. For better illus- tectable  levels. The absence of in Brittany therefore
tration the IO mixing ratios are averaged over units of 0.5m tidal does not contradict our theory of thg $ources in coastal
height. areas.

Although our results suggest that only some exclusive al-

gae species are able to emitihto the gas phase, we can not
primary source. Although large numbers of macroalgae wergxclude the potential impact of the biological state and age
present at the coast of Brittany, we could notidentifgiove  of the plant on thed emissions. Both campaigns in 1998 and
the statistical detection limit. However, we could not exclude 2002 in Mace Head where was detected were conducted in
I2 to be present below the detection limit, which would still |ate summer and autumn, whereas the campaign in Brittany
have a considerable impact for atmospheric chemistry (segygk place in spring. This may imply differences in air and
Sect.5.5.2. sea temperatures that could also affect plant stress.
Our re-analysis of the 1998 Mace Head campaign shows

up to 60 ppt $ confirming previous observations of In 5.5 Modelling
Mace Head. This rises the question about the presence of |
at other coastal regions. It should be noted, that these differin order to compare some of the conclusions gained from
ences cannot be explained by the analysis method, which wagie measurements with the present understanding of halogen
identical for the data sets of all campaign sites. Mace Headthemistry, we present results of model calculations with the
and the coast of Brittany are populated with similar and iden-marine boundary model MISTRA.
tical macroalgae species, suchLasninaria, which is known
for its high content of iodineLaminariais commonly found 5.5.1 Model description
in the lower intertidal and sublittoral fringe. Consequently,
Laminariais not exposed to ambient air frequently, except The 1-D column model MISTRA includes detailed particle
during spring-tide, when the water reaches exceptionally lowmicrophysics, as well as chemical reactions in the gas and
levels. Our observations of bn 5, 6, and 7 October in Mace aerosol phase, focusing on reaction cycles of halogen com-
Head show a fast nocturnal increasegfwith mixing ratios  pounds. MISTRA has already been used to address different
of more than 50 ppt, which is well correlated with spring- aspects of halogen chemistry in the marine boundary layer
tide. During these periods the sea level is about 0.6 m lowefvon Glasow and Sande2003; von Glasow et a).2002ha).
than at normal low tide periods. Figutd shows that the,l The model configuration employed here mostly resembles
mixing ratio exceeds the 30 ppt mark when the water levelthe base run described in detaiMan Glasow et al(20021,
decreases below the normal low tide minimum of 0.64 m.representing conditions for a clean marine mid-latitude sum-
High I levels were only observed at the end of the Macemer atmosphere. The chemical reaction scheme (in particular
Head campaign, when the wind came from easterly direcwith regards to iodine chemistry) has been updated accord-
tions (see Figl5), where extended algae fields are found, asing to Atkinson et al.(2004. For the self-reaction of 10, the
described in the Se.3 While we observed elevated levels mean branching ratios dloss et al.(2001) are used. The
of 10 during the day and OIO during some eveningsyas  self-reaction of OlO (which is assumed to be photolytically
not as clearly observed during spring-tide in early Septem-stable), as well as reactions of OIO with OH and NO, are in-
ber. We attribute this finding to the different wind directions cluded in analogy twon Glasow et al(2002h. Possible ho-
during this period. During the normal low tide period in the mogeneous nucleation of OIO is neglected. The meteorolog-
middle of the campaign, we also did not find elevated levelsical conditions assumed in our study represent a cloud-free
of I, despite the easterly wind direction. From the correla-day in Brittany in the beginning of June (latitude 48.68
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Fig. 12. Sequences of the recorded time series for 10 of the 2003 Brittany campaign. The blue line indicates the tidal height and grey shaded
areas indicate dark conditions (S2A0°).

Upper panel: High tide occurred at midday, and the IO peaks are observed in the morning and in the evening, and are well correlated to the
minima of the water level.

Lower panel: The minimum in tidal height coincides with maxima of solar flux and we observed the strongest peak of the 10 mixing ratio
on four consecutive days.

sun declination 22. Furthermore, higher NOmixing ra- hanced mixing ratios of alkyl iodines during low tide. We
tios compared tovon Glasow et al(20028 of about 1 ppb  simulated four scenarios prescribing different mixing ratios
(as measured in Brittany) were used for model initialization. of organoiodines inferred from the measurements in Brit-
Vertical turbulent mixing is accounted for in the model. tany: Scenarios 1, 2, and 3 use daytime mean, midday max-

After a “spin-up” period of 2 days of meteorology and imum, and daytime maximum values of alkyl iodine, re-
chemistry assuming open-ocean conditions, different scenasPectively, while scenario 0 denotes a model run without
ios are performed, each for 6 model hours. During model@ny emissions of organoiodines. The exact values are pro-
hours 2 to 4, constant mixing ratios of organoiodines arevided in Table5. Each scenario was performed for morning
prescribed in the lowest 15m of the model, based on val{(04:00-10:00 a.m. local time, assuming low tide from 05:00—
ues measured in Brittany as a simple representation of er08:00a.m.) and midday conditions (10:00 a.m.-04:00 p.m.,
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Fig. 13. I time series of the Mace Head campaign in 1998. The dotted line indicates the mean detection limit of 20 ppt. The shaded areas
indicate b clearly identified above the detection limit (with respect to the individual error).

T Table 5. Mixing ratios of organoiodines (ppt), as prescribed in

70 the model scenarios. Values for scenarios 1-3 rely on mean or
60 { maximum mixing ratios, as measured in Brittany during “day-
i time” (05:00a.m.—07:00p.m.) or during “midday” (09:00 a.m.—
%7 ] 03:00 p.m.).
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After 3 h of low tide conditions IO mixing ratios reach about
1.5ppt, 4.5ppt, and 10ppt in 15m altitude for the differ-
ent scenarios described above, which is in the range of the
DOAS measurements (Fig6a). If exactly the same alkyl
assuming low tide from 11:00 a.m.—02:00 p.m.). Additional iodine concentra_tions are assumed for the morning hours, the
sensitivity studies are performed, assuming constant fluxe§'0delled 10 mixing ratios are about a factor of 4 lower (not
instead of constant mixing ratios of organoiodines in order toShoWn). In all cases, the short-lived @lbi contributes by far
more realistically investigate the qualitative differences be-th€ largest part to the modelled 10 mixing ratios. For exam-
tween the morning and midday scenarios (scenario 4). FurP!€, omitting the huge amount of GH(1830 ppt) in scenario
thermore, the effect of a hypotheticalflux on atmospheric 3 decreases 10 by only 7% after 3 h at low tide. It should be

Fig. 14. 5, 6, and 7 October 1998 PARFORCE campaign in Mace
Head, where the highest mixing ratios of up to 60 ppwere de-
tected.

chemistry is investigated (scenario 5). noted that, compared to clean marine air with only a few ppt
NO; (as assumed byon Glasow et aJ.20020, a NG, mix-
5.5.2 Model results ing ratio of about 1 ppb (as used here) decreases the IO mix-

ing ratios produced by a given amount of g&hlby roughly
Figure 16 shows the effect of prescribed organoiodine con-50%, primarily due to enhanced formation of ION@Recy-
centrations as measured in Brittany (see T&blen 10, BrO  cling of reactive iodine by aerosol processing is responsible
and ozone for scenarios assuming low tide during middayfor roughly 10% of the modelled 10.
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Fig. 15. The time series for the campaign during 1998 PARFORCE campaign in Mace Head. Tidal height, meteorological parameters, and
NOo, I, 10, OIO and @ are shown.

The model-predicted BrO never exceeds 1ppt, and thus An important effect of organoiodine emissions is the de-
ranges generally below the DOAS detection limit, in agree-struction of ozone via photochemically produced | radi-
ment with the measurements (Figb). Heterogeneous pro- cals. For the high organoiodine concentrations of scenario
cessing of BrONQ@ accounts for about 20% of the modelled 3, roughly 1 ppb ozone is destroyed in 5 h (Figc), which
BrO mixing ratios. These BrO mixing ratios are lower than in is on the order of the natural variability of ozone, and there-
the cases for the clean marine boundary layer, as discussddre not detectable in the field, but relevant for atmospheric
in von Glasow et al(20020), because of the high mixing chemistry with typical ozone destruction rates of a few ppb
ratio of NOy used here, which shifts the BrO vs. BrONO per day.
steady state mixing ratios. In our simulations, BrO signifi-  The model runs depicted in Fig6 allow the direct com-
cantly increases with increasing emissions of VHOCs. Thisparison with measurements. To investigate the impact of
increase is mainly due to the release of Br from the photoly-photochemistry with constant fluxes of VHOCs (instead of
sis of CH:Brl. prescribed concentrations), we did another set of model runs

(Fig. 17). A constant surface flux ofs410° molec/(cn¥s) of
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Fig. 16. Comparison of the model scenarios for midday hours. Fig. 17. Comparison of two morning and two midday scenar-

Different colors denote different prescribed mixing ratios of jo5 assuming constant fluxes of organoiodines (scenario 4) or |
organoiodines, i.e., different scenarios (see Table 5): black — SCe(scenario 5), respectively: black — scenario 4 for morning hours:

nario 0; red — scenario 1; blue — scenario 2; green — scenario 3. Thgreen — scenario 4 for midday hours; red — scenario 5 for morning

period of low tide is marked on the time axis. Mixing ratios are poyrs: plue — scenario 5 for midday hours. Please note the different

shown for the lowest model layer (S m). time axes for morning (04:00-10:00 a.m.) and midday (10:00 a.m.—
04:00p.m.) scenarios. The period of low tide is marked. Mixing
ratios are shown for the second model level (15 m).

CHzl; (scenario 4) results in about 4 ppt elklat about 15m

altitude at midday, whereas GH mixing ratios reach up to

15 ppt during the morning hours due to lower photolysis rates

at higher zenith angles (Fig7a). For the same reason, | rad-

ical mixing ratios, and thus IO mixing ratios, are higher for 10s for b, compared to several minutes in the case oplGH
the midday than for the morning scenario (green and blackHence, the model results confirm that even very low mixing
lines in Fig.17c). After 3 h of emission during low tide, the ratios of b (well below the DOAS detection limit) can have
ratio between midday and morning 10 is about 2.3, which a large impact on iodine chemistry.

is in good qualitative agreement with the field measurements

shown in Fig.12 The agreement of the model runs that include only VHOCs

Apart from scenarios assuming organoiodine emissionswith the measured IO indicate that under the conditions en-
Fig. 17 also shows otherwise identical scenarios prescrib-countered in Brittany, the presence of molecular iodine is not
ing a constant flux of molecular iodine @molec/(cnts), necessary to explain the observed 10 mixing ratios. How-
scenario 5) instead of organoiodines (red and blue lines irever, as we do not account for nucleation of iodine oxides,
Fig.17). This leads to mixing ratios oblin the model below  which could be an important sink for 10, we regard our
0.5 ppt (Fig.17b), the mixing ratios in the early morning be- model results as an upper limit of 10. Hence, in spite of
ing highest for the reason discussed above. Despite these lothe agreement between observations and modelling without
I> mixing ratios, the effect on 10 is considerable (FIgc): including molecular iodine, we cannot excludeds a pre-
After 3 h of emission during low tide, modelled 10 mixing cursor for IO. This conclusion is also supported by the fact
ratios rise to 8 ppt in the morning, and 16 ppt in the middaythat DOAS measurements yield mean mixing ratios along the
scenario. This is due to the short photolytic lifetime of about light path and thus cannot identify hot spots.
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6 Conclusions and outlook — The biological state, e.g. the age of the macroalgae

should be investigated, for example through longterm
The measurements of RHS and their likely precursors at observations

three different coastal environments, along with comparison . .
to model studies, allows us to test whether our understanding — The current measurement technique has a relatively
of halogen chemistry, as represented in the model, is consis-  high detection limit for 4, and the model studies sug-

tent with the data. The following conclusions can be drawn: gest that even very low mixing ratios of under day-
light conditions could strongly affect the marine atmo-
— We positively identified 1O at levels of up to 7.7 ppt as sphere.
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