Atmos. Chem. Phys., 10, 2117128 2010 iy —* -

www.atmos-chem-phys.net/10/2117/2010/ Atmospherlc
© Author(s) 2010. This work is distributed under Chemls_try
the Creative Commons Attribution 3.0 License. and Physics

The spatial distribution of the reactive iodine species IO from
simultaneous active and passive DOAS observations

K. Seitz!, J. Buxmannt, D. Pdhler!, T. Sommer", J. Tschritter®, T. Neary?, C. O'Dowd?, and U. Platt!

Linstitute of Environmental Physics, University of Heidelberg, Im Neuenheimer Feld 229, 69120 Heidelberg, Germany
2School of Physics & Centre for Climate & Air Pollution Studies, Environmental Change Institute National University of
Ireland, Galway, University Road, Galway, Ireland

“now at: Eawag, Limnological Research Center, Seestr. 79, Kastanienbaum, Switzerland

Received: 19 August 2009 — Published in Atmos. Chem. Phys. Discuss.: 12 October 2009
Revised: 3 February 2010 — Accepted: 18 February 2010 — Published: 1 March 2010

Abstract. We present investigations of the reactive iodine 1 Introduction

species (RIS) IO, OIO and In a coastal region from a field

campaign simultaneously employing active long path differ- |t js well known that reactive halogen species (RHS) affect
ential optical absorption spectroscopy (LP-DOAS) as welltropospheric chemistry in different ways. A drastic exam-
as passive multi-axis differential optical absorption spec-pje is the total depletion of boundary layer ozone in po-
troscopy (MAX-DOAS). The campaign took place at the |ar spring within days or hours by catalytic cycles involv-
Martin Ryan Institute (MRI) in Carna, County Galway atthe jng promine (see e.gBarrie et al, 1988 von Glasow and
Irish West Coast about 6 km south-east of the atmospheric recrytzen 2007 Simpson et a).2007and references therein).
search station Mace Head in summer 2007. In order to studyypijle the destruction of arctic boundary ozone appears to
the horizontal distribution of the trace gases of interest, wepe mainly driven by BrO (with minor contributions from 10
established two almost parallel active LP-DOAS light paths, ang Cl0), at mid latitudesRead et al.2008 and possibly
the shorter of 1034 m length just crossing the intertidal areaj, antarctica FrieR et al, 2001 Saiz-Lopez et a.2008
whereas the longer one of 3946 m length also crossed opegctinhardt et al.2008 10 plays an important role in the pro-
water during periods of low tide. In addition we operated two cess of ozone destruction. Besides its influence on the ozone
passive Mini-MAX-DOAS instruments with the same view- pydget, reactive iodine (like reactive bromine) affects atmo-
ing direction. While neither OIO noglcould be unambigu-  spheric chemistry by changing the NO/Bl@nd OH/HG

ously identified with any of the instruments, 10 could be de- partitioning (e.g.Platt and Hnninger 2003. Additionally,
tected with active as well as passive DOAS. The |0 columnigcent field studies, mainly carried out at Mace Head atmo-
densities seen at both active LP-DOAS light paths are almosgpheriC research station (Mace Head) (e@Dowd et al,
the same. Thus it can be concluded that coastal 10 is almosjgp2 Makek et al, 2002 indicate that reactive iodine plays
exclusively located in the intertidal area, where we detected, key role in the formation of new particles in coastal areas.
mixing ratios of up to 23-8.8 ppt (equivalent to pmol/mol).  This phenomenon has been studied in several laboratory ex-
Nucleation events with particle concentrations of o3 periments (e.gHoffmann et al.200%, Jimenez et a] 2003
particles were observed each day correlating with high 10grkholder et al.2004 McFiggans et a]2004 Palmer et al.
mixing ratios. Therefore we feel that our detected 10 con-2005 and model studies (e.@echtl et al.2006 Saiz-Lopez
centrations confirm the results of model studies, which statey 1. 20064 Vuollekoski et al, 2009. A review of the cur-
that in order to explain such particle bursts, 10 mixing ratios yent knowledge on marine aerosol production can be found in
of 50 to 100 ppt in so called “hot-spots™ are required. O’Dowd and de Leeuw2007). If those particles grow to be-
come cloud condensation nuclei (CCN), they could influence
cloud properties and therefore have an impact on climate.

Correspondence tK. Seitz The most likely source of reactive iodine is the photol-
BY (katja.seitz@iup.uni-heidelberg.de) ysis of molecular iodine and organohalogens emitted by
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macroalgae. While initially organohalogens, especially thefibre bundle. The bundle at the telescope side consists of
short-lived diiodomethane Cithb were assumed to be the one receiving fibre surrounded by the six transmitting fibres.
major precursors of reactive iodin€grpenter2003, atthe  The transmitting fibres illuminate the mirror of the telescope
reported levels ofd and Chly, the former would constitute yielding an almost parallel light beam, the receiving fibre
the dominating source of RH8EFiggans et a).2004. The is connected to the spectrometer. A detailed description of
emission of molecular iodine frobaminaria Digitatawas  the Fibre LP-DOAS can be found iMgrten et al. 2009
studied byDixneuf et al.(2009, while Ball et al.(2009 re- Merten 2008. The almost parallel light beam is then al-
port emission rates for different seaweed species. ternately sent on two different light paths through the open

Most of the measurements of RHS at coastal sites wer@tmosphere to two arrays of quartz prism retro-reflectors
conducted at Mace Head (e.4licke et al, 1999 Hebestreit (63 mm diameter each prism) located at distances of 1973 m
2001, Saiz-Lopez and Plan2004a Saiz-Lopez et a]2004a and 517 m. The number of quartz prisms in the arrays was
2006ab; Peters et al.2005 Bale et al, 2008, which is lo- 39 and 13, respectively. The reflected light was transmitted
cated about 6 km North-West of the MRI. Howeuege etal.  to an Acton 500 pro spectrometer (f-number=6.9, 600 gr/mm
(2010 andStutz et al (2007 report observation of reactive grating, focal length=500 mm, thermostated td €% via the
halogen species from the tropical Northern Atlantic and thereceiving fibre of the fibre bundle, where it was analyzed.
Gulf of Maine, respectively, whilMahajan et al(2009 and  Spectroscopy requires a homogeneous illumination of the
Furneaux et al(2009 measured reactive halogen species atspectrometer grating. To obtain this, quartz glass fibres are
the French Atlantic Coast. Previous important measurementgsed in order to “mix” the light and thus obtain a homoge-
of RHS can be found iReters et al(2005. neous illumination of the spectrometer. Different fibres can

Mostly RHS are measured using active LP-DOAS. Thusexhibit different mixing properties. The mixing can be im-
the obtained mixing ratios are an average along kilometer{froved by exerting mechanical stress on the fibres applying a
long light paths and one has to keep in mind that a possiinode mixer §tutz and Plaft1997), but mixing is often lim-
bly inhomogeneous distribution of the trace gases can noited depending on the fibre characteristics. A good mixing
be resolved.Burkholder et al(2004 state that the mixing of the light is especially important for very short light paths,
ratios derived from long path absorption measurements ar@s then the image of the retro reflectors is sharper, or if the
too low to account for the large aerosol production observedapplied light source features strong spectral structures in the
They suggest an inhomogeneous source distribution resultespective wavelength range (which is the case in the evalu-
ing in areas with much above average 10 mixing ratios, so-ation wavelength range of 10). If the mixing is not perfect,
called “hot-spots”, to explain the significant particle forma- small spectral structures may arise, which can correlate/anti-
tion. They conclude that their hypothesis has to be confirmed:orrelate with absorption structures. This is probably the rea-
by further field studies. son for the bias we see in the IO data (see SE8).

In this study we present results from active LP-DOAS A reference spectrum was taken before and after each
measurements of RIS on two almost parallel light paths ofmeasurement spectrum using a shortcut system consisting
different lengths (1034 m and 3946 m), where the shorterof an aluminium diffuser plate that was placed several mm
light path was just crossing the intertidal area, in order toin front of the fibre bundle thus recording a lamp spectrum
obtain information about the source distribution. without passage through the atmosphere. The detector was

The first section addresses the instrument set-up and th@ 1024 pixel photodiode array detector (type Hamamatsu
measurement site, followed by a description of the DOASS3904-1024). The resulting spectral resolution was about

analysis. In next sections results will be presented and dis0-5nm FWHM. Four different wavelength ranges were suc-
cussed. We conclude with a summary and an outlook. cessively covered to measure the trace gases of interest: BrO

in 320440 nm, 10 in 43@40 nm, OIO and4 in 550+40 nm
and NG in 640+40 nm. The latter measurements were only

2 Experimental performed at solar zenith angles85°. These wavelength
ranges also cover other species, such asN», H>O, Oy,
2.1 The active LP-DOAS system SO, HONO and HCHO, which were taken into account for

the analysis. A full LP-DOAS measurement sequence took
DOAS (Platt and Perner1983 Platt and Stutz2008 is about 12 min for good visibility conditions and three wave-
a well established technique to identify and quantify tracelength ranges. A measurement sequence started with a lamp
gases by their narrow band absorption structures. In thigeference spectrum with 15 scans, followed by the measure-
study we used an active LP-DOAS instrument for the de-ment of the atmospheric spectrum with maximum 30 scans
tection of the following RIS: 10, OIO ancyl The setup of  within 30 s and a second lamp reference spectrum of 15
the LP-DOAS system used was a further development of thescans. Afterwards background spectra were taken with a
coaxial mirror system introduced bAxelson et al.(1990. fixed integration time of 10 seconds. In the process of the
The light of a high pressure Xe-arc lamp of the type XBO500 analysis, the two lamp reference spectra were added to one
(Osram) was collimated into six transmitting fibres of a Y- shortcut spectrum for each atmospheric spectrum, in order to
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provide the ideal sensitivity. Since the detection limit of the

longer light path was expected to be lower for homogeneous
distributed trace gases, we performed measurements on th
short light path during every fourth measurement cycle. The [, )
analysis procedure itself will be described in Séct. W

2.2 The passive MAX-DOAS systems

In addition to the active instrument, two passive MAX- |
DOAS instruments were applied to detect RIS. The MAX- | .
DOAS technique was already described in detail (e.g.,| .
Honninger and Platt2002 Honninger et al.2004. The
instruments used, were “Mini-MAX-DOAS-devicesB¢-
browski et al, 2003. Scattered sunlight is focussed by a
quartz lens (focal length=40 mm, d=20 mm, aperture angle
<0.6%) and transmitted to a miniature crossed Czerny-Turner ™
spectrometer/detector unit (“USB2000”, Ocean Optics, Inc.)
via a fibre bundle. The whole set up is placed in a sealed,
weatherproof aluminium box which also contains the peltierrig 1 peasurement site, the light paths of the active LP-DOAS
cooler to stabilize the spectrometer toQ An attached step-  are indicated in black arrows, the grey arrow indicates the viewing
per motor allows the instrument to observe scattered sunlighgiirection of the MAX-DOAS instruments. The green area marks
at a series of different elevation angles. The whole instru-the intertidal zone.

ment was controlled by PC via USB connection. The two in- ©crown Copyright and/or database rights. Reproduced by permis-
struments covered the fixed wavelength ranges 325—-461 nrgion of the Controller of Her Majestys Stationery Office and the UK
for the detection of BrO and 10 and 538—635 nm for OIO and Hydrographic Office\fww.ukho.gov.uk

I, respectively. Their viewing azimuth was set up almost

parallel to the light paths of the active instrument. Spectra

were taken under24°, 6°, 10°, 20° and 90 elevation angle MRl is located in front of Mweenish Island (see FiD, an

for a fixed integration time of 300 s for each angle. Thus aisland with a very high seaweed density. Due to its high sea-

0 MAX-DOAS e

full sequence took 30 min. weed density in all wind directions, the area has already been
the object of earlier field measurements (eSgllegri et al,
2.3 Particle measurements 2009.

During the campaign the wind direction was almost all
Particle measurements were carried out by a nano scanningpe time North/North-West. The weather was sunny dur-
mobility particle sizer (nano-SMPS), covering the size rangeing most of the days, with just few rainy days. Due to
from 3nm to 20nm, and a standard SMPS, covering thethe sunny weather and the vast seaweed abundance, parti-
10nm to 100 nm range. Both, the nano-SMPS and SMP&le bursts were observed almost each day. An example for
were standard Thermo Systems Inc. (TSI) systeWiang  such a particle burst observed at 30 August can be found in
and Flagan1990, with the nano-SMPS using the TSI 3025a Fig. 2. We concentrate on a core period of five days of mea-
condensation particle counter (CPC) as a detector and thsurements between 30 August and 4 September, since only
SMPS using a TSI 3010 CPC as a detector. The instrumentduring those five days we were able to detect IO on both LP-
were located about 150 m away from the low tide region DOAS light paths. Of the five days of observation, 31 August
and sampling was conducted through a 3m Ighgstain- and 2 September were rainy, whereas the other three days
less steel inlet. Size resolved concentrations were correcte@ere sunny and partly cloudy but with no rain and good vis-
for diffusional losses, which were calculated on the basis ofiPility. During the five days a maximal tidal range of 4.4 m
tube diameter and residence time in the sample tube usingyas observed.

the equations given bgeinfeld and Pandid998. The instruments were positioned at few meters distance
from the waterfront during high tide. The light beam of
2.4 Site description the active LP-DOAS instrument was crossing the water at

an altitude of about 5m above sea level at high tide. Dur-
Between 3 August and 9 September 2007, an intensive fielihg low tide the water below the short absorption path was
campaign was conducted at the Martin Ryan Institute (MRI)completely removed, whereas the long light path crossed the
in Carna (53.31N, 9.83 W) at the Irish West Coast, about same intertidal area first, then the sea and again an intertidal
6 km south-east from Mace Head. A description of the areaarea in front of Finish Island, where the second retro-reflector
around Carna can be found in eldebestreit(2001). The  was placed. Figurd shows the area of the MRI and the
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SMPS and nano-; SMPS MRI :70830

‘ Table 1. Differential absorption cross sections used for the analysis
of the spectra.

- Species Reference

§ BrO Wilmouth et al.(1999

ot o Greenblatt et a1990
NO» \oigt et al.(2002
I> Saiz-Lopez et al(2004h
olo Bloss et al(200])

R Concertiaton (peroo TS 10 Spietz et al(2009
* H,0O Rothman et al(2005

oxio® ‘ ‘ ' ‘ ‘ ' ' ‘ ) NO, (MAX-DOAS) Vandaele et al(1998
il | O3 (243K, MAX-DOAS)  Bogumil et al.(2003
. | 03 (223K, MAX-DOAS)  Voigt et al.(2001)

broad band structures due to scattering in the atmosphere and

broad band instrument features. On the basiStotz and

o A Platt (19969 the statistical error of our analysis was multi-

ORI e e ] plied by a factor 2, to obtain the real measurement error. The

L : T detection limit is estimated by multiplying a factor 2 to the

1o statistical error.

IO was analyzed in the wavelength range between 416
Fig. 2. Particle burst event measured 30 August (Julian date an®nd 448.5nm where four of the strongest vibrational bands
time) with a nano-SMPS instrument (upper panel). After noon par-Of the electronic transitiom I3 2 < X?T13/2 are. Due to
ticle concentrations up to $@m—2 particles were observed. The large structures in the residual arising from the Xe-lamp, the
time of the event correlates well with low tide and high 10 column wavelength range between 442 nm and 444 nm was excluded
densities measured along the long light path (lower panel). from the fit. In addition to the 1O cross section references

of NO,, O4 and HO were included in the fit procedure. Ta-

ble 1 summarizes the absorption cross sections used in this
absorption paths. It can be seen, that due to the slight angl@gork. The polynomial included was of 5th order. Figudre
between the two light paths, the long light path crosses lesghows a sample evaluation of 30 August 2007, 13:26 UTC,

intertidal area in front of the instrument. FiguBedemon-  taken on the long light path. The spectrum corresponds to a

strates that the seaweed of the area is mainly dominated byolumn density 0f7.84:0.72) x 103 molec/cnt. Assuming

the typeLaminaria which are known to be strong emitters homogenous mixing along the 3946 m light path, this would

of 12 as well as halocarbons (e.g4cFiggans et a.2004  correspond to a mixing ratio of (§+0.73) ppt.

Carpenter et al2001; Ball et al, 2009. The evaluation of OIO and was performed in the wave-
length range between 530 and 567 nm. This covers 6 vibra-
tional bands of OlO and 15 vibrational bands of the elec-

3 DOAS data analysis tronic transition BIT(0) — X'=f of I,. Besides the cross

sections of OlO andy| references of N@ O4 and HO and

a 4th order polynomial were included in the fit.

Column Density [molec\cm2]
1
T
|

P L T e - . . T a3
242 2421 2422 2423 2424 2425 2426 2427 2428 2429 243
Julian Day

3.1 Active LP-DOAS

For the analysis of the LP-DOAS spectra the software DOA-3.2 MAX-DOAS

SIS (Kraus 2005 was used to simultaneously fit the differ-

ent references to the atmospheric spectrum using a non-linedor the evaluation of the MAX-DOAS measurements the
least-squares method (e.§tutz and Plajt1996. Labora-  software WinDOAS Fayt and van Rozendae2001) was

tory studies previous to the campaign showed that the deused to perform a non-linear least-squares fit. A descrip-
tection limit of the instrument could be improved by tak- tion of the evaluation procedure can be foundHidnninger

ing reference spectra of the light source as close in time tand Platt(2002. To detect the absorbers of interest, & 90
the measurement spectrum as possible. Therefore two lamgeference spectrum of the same sequence, a Ring spectrum,
reference spectra (shortcut spectra), one directly before and polynomial to account for Rayleigh and Aerosol scatter-
one directly after the measurement spectrum, were recordeding, an intensity offset (polynomial of degree 2) to account
added and included in the fit. In addition a polynomial was for possible instrument stray light and cross sections of all
included to account for broad band absorption structurespther absorbers were fitted to the atmospheric spectrum. The
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Duck Ietand {24 Y MAX-DOAS

S

Inishmusker?
North Sound
_ Cliffs - Chondrus ¢crispus - Himanthalia elongaia - Pucus vestcuiosus

D s : Alaria esculenta — Lammaria ipperborea - dAscophyiivan nodosm

Mud/shingle I roivnariapainae R Porphyra spp Pucus servatus

: Sand - Lammaria digiteta |2 Eniaromarpha spp. : Fucus spiralis
| [—— ixrinag D Ulva lactuca

Rock

Fig. 3. Seaweed distribution in the vicinity of the MRI: Most of the seaweed is of the ltgpeinaria The short light path crosses almost
exclusivelyLaminaria Saccharinawhereas the long light path crosses flratninaria Saccharinand thenLaminaria Digitata Adapted
from [Connemara Seaweed Survey 2001. Irish Seaweed Centre, NUIG Internal report 72 pp.].

Table 2. Overview of the analysis settings

Species Wavelength range [nm]  Polynomial [order]  Trace gas references applied
(o] 416-448.5 5th NG, H,0, Oy

1,/010 530-567 4th NG, Hy0, Oy

1O (MAX-DOAS) 414-438 3rd Q, NO»

Oy (MAX-DOAS) 338.5-367 3rd @, NOy, BrO

[o/010 (MAX-DOAS) 553-567 3rd @, Hy0, O4, NO»

results of the evaluation are therefore “differential slant col-4 Results and discussion

umn densities” (dSCDs), i.eq&cp=S )—S (9C), where

S denotes the signal of the respective absorber [mol€¢/cm 41 MAX-DOAS measurements

anda the elevation angle. An overview of the MAX-DOAS

analysis setting applied is given in Tal#ieA MAX-DOAS During the five days of observation OlIO angldould not

_sam_ple evaluation of 30 August 2007, 14.04 UTC is shownbe detected with the MAX-DOAS instruments. While the

in Fig. 5. The gpectrum corresponds to a column density Ofanalysis yielded periods where the differential slant column

(5.5+0.4)x 10" molec/cn. densities (dSCDs) exceeded the detection limit, which was
for the 2 angle on average.4x10“molec/cn? for OIO
and 56x 104 molec/cn? for I, the results did not withstand
different sensitivity studies: A change of the analysis wave-
length range to 547-567 nm changed the results as signifi-
cantly as changing the order of the polynomial to 2 or chang-
ing the intensity offset to first order.

www.atmos-chem-phys.net/10/2117/2010/ Atmos. Chem. Phys., 10, 21282010
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(except for small changes due to changing air density) and
therefore changes in the dSCDs of &e caused by changes
of the light path due to scattering in the atmosphere. For a
constant profile of IO in the lowest few hundred meters, one
would expect the 10/@ratio to be rather constant for dif-
ferent elevation angles, whereas for a vertical gradient with
higher IO concentrations close to the ground, the ratio should
v be higher for lower elevation angles. Figure 10 shows the
I0/04 ratio for the five days of measurement. F6reée-
vation angles, the ratio is significantly higher, indicating a
strong vertical gradient.

10
[OD * 107

4.2 LP-DOAS measurements

NO,
[OD * 107

1 OIO could not be identified unambiguously during the

| 5 days. Even though the column densities exceed the sta-
LI B L B B B B B I £ R B tistical 2o detection limit (12x 10 molec/cn? or ~12 ppt

2 on the long and Bx 10 molec/cn? or ~70 ppt on the short

light path) several times by up to a factor of 2, the fact that

1 4 the analysis shows strong scattering and yields negative col-
1 umn densities of the same order of magnitude as the positive
0 values (up to about-4x10“molec/cnt on the short, and
T —5x10"molec/cn? on the long light path) makes the in-

terpretation difficult. Although the analysis was stable using
—————t 1/ different fit parameters, no further conclusions about the hor-
417 420 423 426 429 432 435 438 44M44 447 izontal distributions can be drawn at this time.
wavelength [nm] OlO measurements are reported from various sites: At
Mace Head up to 6.7 ppt were reportddepestreit 2001,
] ) o Saiz-Lopez and Plan004h, Allan et al. (2001 report up
Elg. 4. Example for the spectral |d§nt|f|cat|on of 10 on the long to 3.0 ppt from Cape Grim, TasmanBiutz et al(2007) saw
light path using the active LP-I?OAS instrument. The spectrum v_vasup to 30 ppt in the Gulf of Maine ankllahajan et al(2009
recorded 30 August 2007, 13:26 GMT. The corresponding mixing . .
ratio of 10 is (7.9+0.73) ppt. saw a maximum of 8.7 ppt in Rqscoff, France. For our mga-
surements, the OIO mixing ratios are below the detection
limit of our instrument when measuring along the long light
path. Therefore our results are not in contradiction to earlier
On all five days 10 exceeded the average detection limitstudies. However, since Mweenish Bay is an area of high
of 2.8x 103 molec/cnt, also sensitivity studies indicated the seaweed density, one could speculate that the OlIO mixing
results to be robust. The maximum dSCD observed wagatios at Mweenish Bay could be higher than those reported
1.0x 10" molec/cnt (Fig. 6). While under an elevation an- from, e.g. Mace Head.
gle of 22 the dSCDs are very high, especially around low Since b is evaluated in the same spectral wavelength range
tide, the dSCDs decrease rapidly for higher elevation anglesas OIO, its evaluation shows the same problems. Again,
The decrease of dSCDs for higher elevation angles is genthe column densities exceed the statistically derived detec-
erally expected for tropospheric absorbers, because the lighion limit several times by about a factor of 2, but due to
path through the trace gas layer is longer for lower elevatiorthe short light path, the results show a strong scattering also
angles. However, the separation of the different elevation antowards negative column densities. Similar to OlO the analy-
gles can also be caused by a vertical gradient of the trace gass proved to be stable, but anyway no conclusions about the
itself. Since the source of 10 is located on the ground, onehorizontal distribution can be derived. The average detec-
would expect a vertical gradient of the 10 concentration. Totion limit was 49x 10*molec/cnt or ~50 ppt on the long
distinguish between the two effects radiative transport mod-ight path and 73x 10 molec/cnt or 282 ppt on the short
elling would be necessary. The quite heterogenous distribulight path. The maximum in negative column densities ob-
tion of 10 and rather high noise would make the radiative tained from the evaluation was abou.5x 104 molec/cn?
transfer modelling and its interpretation a quite difficult task and—8.9x 104 molec/cn?, respectively.
that is beyond the scope of this work. However, we used an I, has so far been observed at Mace HezaiZ-Lopez and
approximation via @to obtain information about the vertical Plane 2004h Bitter et al, 2005 Peters et al.2005 Huang
distribution of 10: the profile of @ is essentially invariable et al, 2010, at Roscoff, FranceMahajan et al.2009 and

Residual
[OD * 107

=
1
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Spectrum Residual (4.00e-04) Offset
. i i i [ i
415 420 425 430 435 418 420 438 430 435 415 420 435 430 435

ring (-2.23e+25) io (5.48e+13) 04 (-1.53e+03)

415 420 425 430 435 415 420 425 430 435 415 420 425 430 435

no2293 (-3.29e+15) Polynomial

[P I PN IR B
415 420 425 430 435 415 420 425 430 435

Fig. 5. Example for the spectral identification of 10 using the passive MAX-DOAS instrument. The spectrum was recorded 30 August 2007,
14:05 GMT under 4 elevation angle. The corresponding differential slant column density of (254-0.4) x 103 molec/cn?.

at Mweenish Bay $aiz-Lopez et al.2006h Huang et al. 0
2010 where maximum mixing ratios of 140.7 ppt, 52.3 ppt 12x10% 10°

and 193.3 ppt are reported, respectively. Of special interest Loaot] % hoe
for our measurements are the result$iofang et al(2010), 5 ~ ‘210
who measured up to 193.3 ppt of &t the MRI when also 8.0x10% N *

LP-DOAS measurements were performed. HoweMeiang a “g soas] % # % % Sig
et al. (2010 used an in-situ technique and were measuring ¢ g Q 2 G N L
very close to the ground in the intertidal area. Although the 2 g 400"+ ﬁ}% % B X * A % B %@
detection limit of the long light path is considerably lower 2oa0°] B0, @ g@:ﬁ% %%b QuE
than the reported concentrations, 50 ppt along the entire light % Ko sk 3 }2{‘ e g &Ei
path and at about 5 m height would be required. So the fact, 001 B *VW% % %&@ Bs 0
that we were not able to deteet is probably an indication oaet T o% v :(% @
that it is not homogenously distributed. Mow o - e & - = -y

IO was detected on both light paths on each day. The aver-
age detection limit was.2x 10 molec/cnt or ~2.2 ppt on
the long light path and .8x 103 molec/cn? or ~14 ppt on
the short light path. The maximum observed column densi-Fig. 6. |0 dSCDs, different colors/symbols represent different ele-
ties were 80x 103 molec/cn? and 74x 103 molec/cn®, re-  vation angles. A clear separation between different elevation angles
spectively. can be seen with higher signals for lower angels, indicating a strong
vertical gradient. For 1 September a typical error bar is given.

Date [UTC Ticks at 0:00]

4.3 Discussion and comparison

Figure 7 shows the time series of IO column densities onin |10 are correlated to minima in tidal height and maxima in
both light paths (black stars: long light path, blue triangles: solar radiation. This was also observed during earlier cam-
short light path). The blue line indicates tidal height and thepaigns at Mace Head (e.Alicke et al, 1999 Saiz-Lopez
grey shaded areas mark the periods of darkness. The peaks al, 20061, and also at the French Atlantic CoaBefers
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N ‘ ) < 200

Wind direction [°]

)
i
o
o

Solar radiation [J/m”2]

- 40

~ 30

- 20

Tidal height [m]

- 10

10 Mixing Ratio [pmol/mol], short light path

IO Column Density [molec/cm’]

T T T T T T T T T
Aug 30 Aug 31 Sep 1 Sep 2 Sep 3 Sep 4
Date [GMT Ticks at 00:00] “% 10 long light path

A 10 short light path

Fig. 7. Time series of 10 on both active LP-DOAS light paths. The blue line indicates the tidal height and grey shaded areas mark periods of
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panels, solar radiation and wind direction are shown. The peaks in IO coincide with minima in tidal height and maxima in solar radiation.
The column densities measured on both light paths are comparable indicating most of the 10 signal originating in the intertidal area.

et al, 2005 Mahajan et a].2009. Stutz et al(2007) saw no We also feel that we can explain the slight differences
dependence of the 10 signal on tidal height, which is so farin the column densities seen at the two light paths. On
unexplained. 30 August we started measurements on the short light path

A striking feature is the observation that the column densi-at 14:13 GMT. Until 2 September, the column densities are
ties on the long light path are about the same as on the shoabout the same as for the long light path. On 3 September
although also some differences are found. This is a stronghe column density of the short light path exceeds the column
indication that the signal comes to a large fraction from thedensity of the long light path by about 50%. This is not due
intertidal area. Converting the maximum IO column den- to a change in wind direction (same wind direction on 30 Au-
sity (7.442.3)x 103 molec/cn? of the short light path into  gust and 3 September), but because of the slightly different
mixing ratios, assuming 1034 m path length and homogedight paths and because of different sources. Figushows
nous mixing, yields (228.8) ppt. Assuming that IO is also that the long light path crosses less intertidal area in front
inhomogenously distributed within the intertidal area, this of the instrument due to a slight angle between the viewing
is in good agreement with modelling studiesBifrkholder  directions. Figure illustrates the LP-DOAS measurement
et al. (2004, who state that 50 to 100 ppt of IO are needed set-up for different water levels. While the intertidal area
to explain nucleation events with particle concentration ofbelow the short light path is exposed to ambient air during
10° cm~3 similar to those that were observed each of the Slow tide for all days, due to the steep coast line, more inter-
days. An example for the correlation between enhanced IQidal area in front of Finish Island is exposed close to low
column densities measured along the long light path and parspring tide (30 August). During spring tide the deep water
ticle formation is illustrated in FigR. The particle burst (up- seaweed.aminaria Digitataexposed in front of Finish Is-
per panel) at noon coincides with elevated 10 column dendand probably makes up the difference in column densities
sities (lower panel). A plot with total particle concentration due to the shorter fraction of intertidal area at the MRI for
vs. 10 column densities can be foundHimang et al(2010. the long light path, whereas the following days its 10 input
The reason that our 10 signal is still below the necessary 50-decreases. Note that in the afternoon of 31 August, the fibre
100 ppt, that are needed, might be the strong vertical grahad to be exchanged. The fibre effects explained in Qett.
dient, we see in the MAX-DOAS data. As our light path can cause a bias in the observed concentrations and therefore
crosses the seaweed at several meters height, the concentthe column densities observed after 31 August, 14:00 might
tions further down, are probably significantly higher. be underestimated.
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crosses mainlf.aminaria Saccharinawhich are exposed during 4°. (LP-DOAS column densities, short light path: pink triangles,
low tide for all days of measurement. The long light path crosseslong light path: black crosses; MAX-DOAS dSCDS,; dlue stars,
Laminaria Saccharindirst and Laminaria Digitataon the other  4°: black circs).
side of Mweenish Bay. Due to the steeper coast line on the other
side of the bay, more seaweed is exposed along the long light path

during periods of low spring tide (highlighted with box). o 2
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LP-DOAS column densities, while the 4esults are about = R
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of a longer light path, but also due to a vertical gradient of Date and Time

10 (Fig. 10).

Figure 11 shows the correlation between the RIAX- Fig. 10. Ratio of 10 and Q column densities. For“2elevation

DOAS dSCDs and the LP-DOAS column density along angle the ratio is significantly higher, indicating a strong vertical
the long light path. The data show strong scatter, but al-gradient of 10.

though the intertidal area in front of the instrument is crossed

just once, the MAX-DOAS shows higher column densities

most of the time. This occurs mainly during low tide (see centrations, causes the higher signal. While water only has
Fig. 8). There are probably two sources, which explain thean albedo below 10%, very high concentrations of 10 close
higher MAX-DOAS signal: First, the MAX-DOAS instru- to the surface could have a significant impact on the results.
ment probably also probes the intertidal area on the otheAdditionally light not reflected by the surface, but scattered
side of Finish Island (Fig. 3 shows that in the deeper wa-by, €.9. aerosols close to the ground contributed to the mea-
ter behind Finish Islandlaminaria Hyperboreds located,  sured IO signal.

which is a very strong emitter of iodine precursdsjl et al, As we know from the LP-DOAS results, the IO signal
2009, and second, it is possible, that light reflected from thecomes almost exclusively from the intertidal area, which
surface and therefore passing a layer with very high 10 con-means that the MAX-DOAS signal originates not only from
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