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Abstract. The presence of molecular iodine in the atmo- by the nuclear industry (Raisbeck and Yiou, 1999). Marine
sphere is thought to have implications for both climate andformation (biotic and abiotic) followed by sea-air exchange
human nutritional health, but measurement of the gas at lowis the main route by which iodine enters the atmosphere. At-
concentrations requires technically demanding techniquesnospherically processed iodine is subsequently deposited on
that are not widely accessible. Here, amylose coated deland and incorporated into terrestrial food chains.

nuder tubes and solvent traps coupled with spectrophotomet- Molecular iodine has been observed in the coastal marine
ric detection are evaluated and compared as relatively cheagtmosphere at concentrations ranging frei®.2 to 93 pptv

and straightforward methods to measure gaseous moleculgBaiz-Lopez et al., 2006b; Finley and Saltzman, 2008). It is
iodine at environmentally relevant concentrations. Denudetthought to be either released directly by exposed macroalgae
tubes were found to give unacceptably low and highly vari- at low tide or formed by the reaction of ozone and iodide on
able recoveries of molecular iodine from a test gas sourcethe surface of the algal fronds (Palmer et al., 2005; Kupper et
with values ranging from 1 to 62%. Blank concentrations al., 2008; Dixneuf et al., 2009). It may also be formed by the
were also high, being equivalent to a gas phase concentratioreaction of ozone and iodide at the ocean surface (Garland
of 5pptv under typical operating conditions. Ethanol andand Curtis, 1981), but as yet no open ocean measurements
hexane solvent traps gave much better performance. Optimief atmospheric molecular iodine have been reported. Under-
sation of the hexane solvent trap method gave 100% recovice microalgal production of molecular iodine has also been
ery and an atmospheric limit of detection of 70 pptv, which suggested as a source of atmospheric reactive iodine in po-
is within the range of concentrations observed in the coastalar oceanic regions (Saiz-Lopez and Boxe, 2008). For all
marine atmosphere. of these environments, the processes and fluxes by which
molecular iodine may be formed and volatilised are not yet
fully understood.

One of the hindrances in this field is the lack of a read-
ily accessible, straightforward yet robust means of measur-
Understanding the biogeochemical cycle of iodine is impor-ing molec_ular iodine in the gas F_’hase at low concentraf[ions

approaching those encountered in the atmosphere. Typically,

tant for three reasons: volatile iodine compounds are pho heri ¢ molecular iodi d
tolysed in the atmosphere to give iodine atoms which are2tMOSPNeric measurements of molecular iodine are made us-

implicated in 0zone destruction and particle formation reac-n9 109 pf"‘th differential optical absorption spe(r:]t_rospcl)py
tions and may thus impact climate (O’Dowd and Hoffmann, (LP-DOAS_, Saiz-Lopez et al., 2006b). However, this yie QS
2005); iodine is an essential human nutrient, deficiency ofconcentrations ave_raged overa path length of several kilo-
which remains the leading cause of preventable brain damag'g“Etres so is unsuitable fqr point measurements and can-
and mental retardation worldwide (WHO, 2004): the long- not be used on board a ship for open ocean measurements.

lived radionuclide iodine-129 is released to the environment*dvances have been made in the use of broadband cavity
enhanced absorption spectroscopy (BBCEAS) for the mea-

surement of gaseous molecular iodine in situ (Saiz-Lopez et

Correspondence tdR. Chance al., 2006a; Dixneuf et al., 2009), but this approach is also
BY (rjic508@york.ac.uk) technically demanding and is unavailable to the majority of

1 Introduction
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researchers. Recently, atmospheric pressure chemical ionwith a substrate that binds with the analyte of interest, the an-
sation tandem mass spectrometry (APCI-MS-MS) has alsalyte may be trapped for subsequent determination. Molecu-
been applied to the measurement of molecular iodine in aitar iodine forms a stable complex with the amylose helices in
(Finley and Saltzman, 2008). starch (Calabrese and Khan, 1999; Bates et al., 1943), so in
The use of diffusion denuders with either a starch (Chen eprinciple a starch coating may be used to trap iodine from the
al., 2006; Saiz-Lopez et al., 2006a) or an alpha-cyclodextringas phase (Chen et al., 2006). Chen et al. (2006) used am-
coating (Huang and Hoffmann, 2009) to measure moleculaber glass denuder tubes (6 mm internal diameter, 9 mm exter-
iodine in the coastal atmosphere has been reported. At highearal diameter, 500 mm length) coated using 2 mL of starch in
concentrations, gas phase molecular iodine can be measuredhanol (2 g 1) to detect molecular iodine in air.
using a solvent trap followed by spectrophotometric detec-
tion (Palmer et al., 2005). These methods have the advarg.2.1 Preparation

tage of being straightforward, specific, relatively cheap and

able to produce time-averaged rather than spatially-averagegt@'ch coated glass denuder tubes were prepared according

measurements. Additionally, if using denuders the possi© the protocol given in Chen et al. (2006). The tube dimen-

bility exists for samples to be collected and analysed at &/°NS Were 6mm internal diameter, 10 mm external diameter
later date. Here we evaluate and compare the applicability of"d 500 mm length. (I)3efore coating, they were cleaned by
starch coated denuders and ethanol and hexane solvent trap@2King for 241 in 10% (v/v) nitric acid, rinsing thoroughly

for the measurement of molecular iodine at atmosphericallyVith deionised water and oven drying. A 2gt suspen-
relevant concentrations. sion of ground amylose (Sigma) in ethanol (Fisher analytical

grade) was prepared. Four 0.5 mL aliquots of the suspension
were applied to the inside of the tube and the tube rotated

2 Experimental and gently inverted to ensure even coating of the inner walls.
. o Between each aliquot the tube was dried using a compressed
2.1 Generation of a molecular iodine test source air flow of 0.5Lmir. To avoid inhomogeneous coating,

) T i . the suspension was stirred regularly throughout the coating
A permeation oven (Kin-Tek", USA) fitted with a commer-  ,qcaq5. The tubes were then capped and sealed with labora-

cial molecular iodine permeation tube (Kin-Ték USA) " tory film at each end and wrapped with foil and black tape to
was used to provide a constant source of gaseous iodine fcffrevent light penetration.

evaluation of the detection methods. The oven temperature
was either 30 or 60C according to the required concentra- 2.2.2 Validation experiments

tion. lodine emission rates at these operating temperatures

were determined directly by repeated weighing of the tube aflo determine the recovery and trapping efficiency of the de-
approximately two week intervals. The permeation chambemuders, two tubes were connected in series to the permeation
was flushed with zero grade nitrogen (BOC) at a flow rateoven outlet. The tubes were held in a vertical position with
of 0.05Lmim L. The outlet flow was further diluted with upward flow at a rate of 0.5L mit. The iodine concen-
nitrogen, the flow rate of which was varied to achieve thetration was 25 ppbv and each pair of tubes was exposed for
desired final concentration of molecular iodine. Where re-seven minutes. The experiment was repeated five times with
quired, a needle valve and T-piece was used to ensure that tHeeshly coated tubes and a further five times with tubes coated
outlet flow rate to the solvent trap or denuder remained con-approximately six months earlier. Recovery and trapping ef-
stant. The range of concentrations obtainable was 190 pptv tficiency (T. E.) were calculated according to Egs. (1) and (2),
285 ppbv. To minimise losses of iodine to the walls, all tub- respectively.

ing and fittings were made of Teflon or glass and the outlet

line from the oven was wrapped with heated tap€@°C).  Recovery%)=100x [iodin€]measured[i0din€lexpected (1)

The tubing was also wrapped in black tape to prevent any
photodegradation of iodine. Using a hexane solvent trap (seq.
Sect 3.2), this set up was found to give good recovery of the
permeated iodine.

- E.(%)=100x [iodineltrapy/ {[i0din€lrap1+ [i0din€lirapzt (2)

Three freshly coated and three older tubes which had not
been attached to the iodine source were analysed as blanks.
A preliminary blank experiment in which six starch coated

Diffusion denuder tubes are widely used for the determina-{uP€s were flushed with compressed air at a flow rate of

i1
tion of contaminants in air (Kloskowski et al., 2002). Un- 0-5Lmin* was also conducted. A number of other pre-
der conditions of laminar flow, gaseous molecules are abldiminary experiments using the same conditions as described

to diffuse to the inner surface of the tubes while particlesnere. but differing test gas concentrations and starch types
pass straight through, allowing the separation of gaseous anf€re &lso conducted.
aerosol components. By covering the inner walls of the tube

2.2 Denuder tubes
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In order to determine whether the concentration of IOdIneTable 1. Recoveries of iodine by denuder tubes at different iodine

in the gas stream affects recovery, the dilution flow rate onconcentrations. Values are for the sum of two tubes in series, blank

the permeation oven was varied to give four different con-corrected and averaged for two repeat experiments (range given in
centrations (ranging from 14 to 21 ppbv; see Table 1). Theparentheses).

outlet flow was split and a needle valve used to maintain a

constant flow rate of 0.5 L min* through the denuders. The lodine concentration, Exposure time, Recovery,

duration of exposure was adjusted so that the total amount of ppbv min %

iodine passing through the tubes was the same for each con-

centration. As before two tubes were used in series. Repli- ié g'g 61i6((()1§ttc:)11i72)

cate experiments were conducted at each gas concentration. 15 11.2 0.7 (6.6 to o.é)
The stability of iodine while on the denuder tubes was 14 126 24 (21.0 to 27.5)

evaluated by exposing six pairs of tubes to the iodine test gas
as described above, and analysing three pairs immediately
and three pairs after storage for one week at room temper
ture.

32—.3 Solvent traps

2.2.3 Elution and analysis 2.3.1 Comparison of hexane and ethanol

FOHOWiFg tge mheTodLoffCSr;/en ?t al. (ZOOG)H ?enuder t.UbeSl\/Iolecular iodine is very soluble in both hexane and ethanol,
were eluted with 4mL of 5% (v/v) tetramethyl ammonium ., v o50 solvents are both effective in stripping it from the

hydroxide (TMAH; Riedel-de Hen). 'Each tube containing gas phase. Im-hexane, molecular iodine is stable and ab-
the TMAH was capped and gently inverted gnd rotated forsorbs strongly at-520 nm (Fig. 1a) to give a purple coloured
20min before ”.""”Sfer (.)f the eluent to a plastic sample tUbe'solution. In ethanol, molecular iodine disproportionates to
The tube was rinsed with a further 4 mL of ultra-pure Watergive a number of species including iodide Y which can be

(MilliQ) to give a final TMAH concentration of 2.5% in the quantified by its absorbance-a225 nm (Fig. 1b). Both hex-

sample. Serial elutions gave iodine contents |nd|st|ngU|sh-ane and ethanol solvent traps have been used to measure the

able from solvent blanks in the second elution, SLIggeStingevolution of iodine gas in experiments (Palmer et al., 2005;
this protocol was sufficient to remove the iodine from the in- Rajendran, 2008)

side of the tube. Chen et al. (2006) heated the eluate dt 90

fﬁr t.h:je_e hours, butfwe found tt)rllis |i0 mqu_ no diffe(;en(;:e to Absorption spectra from 190 to 650 nm were measured us-
the ;10 |_n((ejlcontento ex]Erahcts(,j ar:j S or;)o |n|e standar dS. ing a PerkinElmer Lambda 25 UV/VIS spectrophotometer
The iodine content of the denuder tube eluate was deteryq yith 4 1 cm cell. The instrument was autozeroed using

mined using ar;CI:EIIDaITAgOOO iEdulé:tiv?y cguEpIe_d plasma-:nss%e appropriate solvent. Calibration curves were constructed
spectrometer (ICP-MS) at the Food and Environmental Rey,gi o standard solutions prepared from ground molecular

search Agency (formerly Central Science Laboratory), UK.iodine (puriss p.a., Riedel-de Bia) dissolved in eithen-

Samples were analysed by flow injection with aspiration into hexane (HPLC Grade, Fisher UK) or absolute ethanol (Ana-

tTe F"asma V|aha Pl'):A COI‘\CE.HII’I(.I nebléhser/ rvater(;:oc:(lgd Cy1ytica| Grade, Fisher, UK); the concentration range used was
clonic spray chamber com ination. Sampler and sKImmey yically 500 to 5000 nM. To avoid any memory effects, the
cones were both platinum tipped. Instrument conditions wer

ol . nebuli fove1.35 L mirct: dwell e'spectrophtotometercuvettes were rinsed thoroughly with sol-
as 1o O_WS' nebuliser gasd_ OV_"L : dmm_ , dwe l_tlme vent between each scan and solvent blanks were run between
100 ms; 4 sweeps per reading; 55 readings per replicate. Calcy . sample or standard. The spectrophotometric limit of de-

ibration V\ia.S performed using eight exte.rnal .standa_rds (0] tQection (LoDyped was calculated using Eq. (3) (Harris, 2002),
200 pg L iodine) prepared from potassium iodate in 2.5% whereo sTp is the standard deviation of the absorbance for

TMAH. A bulk diluent (0.5% TMAH) containing tellurium repeat measurements of a mid-range standar@)(and the
and antimony as internal standards (to correct for any inStru'sensitivity is defined as the slope of the calibration curve.
ment drift over the course of a run) was used to make 1:1
dilutions of all stock standards and samples prior to analy-l_OD
sis. This ICP-MS method for iodine has been thoroughly

validated using certified reference materials extracted into |.iial trials used a prototype solvent trap consisting of a

TMAH and is UKAS accredited to ISO 17025. 100 mL round bottomed flask containing 50 mL of solvent.
The prototype flasks were fitted with ground glass stoppers
with an inlet tube reaching below the solvent surface and an
outlet tube remaining above the solvent surface. The iodine
test gas was bubbled through the solvent at a flow rate of
0.05Lmin . The prototype traps were wrapped in foil to

spec=3-0sTD/SeNSitivity 3)
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2.3.3 Derivatisation of molecular iodine using
1 ‘\ @) leuco-crystal violet

Leucocrystal violet (4,44"-methylidynetris (V,N-
dimethylaniline)) reacts with molecular iodine to give
L a violet coloured product, and consequently has been used
ooz | o as a reagent in iodine assays (Black and Whittle, 1967). The
000] - S~ method was adapted for use in a hexane matrix to determine
200 : a0 w0 whether it could further reduce the limit of detection of
the solvent traps. Briefly, 0.2mL of leucocrystal violet
indicator ¢~1.5gL~1) was added to 20 mL of hexane in an
| F (b) amber glass bottle, mixed for exactly one minute and the
VoA absorbance at 592 nm recorded.

Abs

Abs

3 Results and discussion

N 3.1 Denuder tubes

0.00 - —
200 400 600

3.1.1 Blanks

Anm

The preliminary blank experiment in which coated denuder
tubes were flushed with compressed air found high concen-
trations of iodine in the TMAH eluate (5.2ngmL This
was traced to contamination of the TMAH during storage and
prevent photolysis of molecular iodine and immersed in anhandling at the University of York, despite taking all appro-
ice/ sodium chloride{£9°C) cold bath to minimise solvent priate precautions (e.g. storing in an air-tight box away from
evaporation. known sources of iodine compounds, using dedicated, acid-
The traps were deployed for periods of up to three hourswashed glassware). Subsequently, elution of the denuder
and the iodine content determined spectrometrically. The retubes was conducted in laboratories at the Food and Envi-
covery and trapping efficiency were determined using tworonment Research Agency, which are thought to have lower
traps in series as for the denuder tubes. The evaporation rateackground levels of iodine compounds due to the differing
of the solvents under the trapping conditions was determinedhature of work conducted there. Blank values of around 2
by bubbling with compressed air at 0.05L mfnand mea-  to 3ngmL-! or less were then achieved. For a denuder tube

Fig. 1. Absorption spectrum ofa) 5x 10> M molecular iodine in
n-hexane andb) 5x 10~5M molecular iodine in ethanol.

suring the volume lost over time. deployed for 12 h and sampling at a flow rate of 0.5 L in
this is equivalent to an atmospheric iodine concentration of
2.3.2 Optimisation of the hexane trap method 5pptv. Occasionally, extremely high iodine contents were

o ) observed in blanks although the source of the contamina-
Upon establishing that hexane was the more suitable solvenfon could not be identified. As the blank values quoted here

(see Sect. 3.2.1), various improvements were made to they| within the lower range of atmospheric molecular iodine

method to reduce the LoD as far as possible. The optimiseggncentrations (Saiz-Lopez et al., 2006b), the method may
solvent traps were set up as shown in Fig. 2. To increase thgpy be suitable for measurements where iodine levels are
sensitivity of the spectrophotometric detection a 10 cm path'expected to be high (over kelp beds for example) and even
length cell was used instead of a 1 cm cell. To further reduc&nen great care must be taken to minimise contamination. Al

solvent evaporation, and thus increase the length of time fofesyits presented here are blank corrected unless otherwise
which trapping can occur, an acetone/dry ice batb({°C) noted.

was used in the place of the ice/sodium chloride bath. In or-

der to enhance contact between the gaseous analyte and t8e1.2 Recovery and reproducibility

solvent, the round bottomed flasks were replaced with 25 mL

capacity gas Midget bubblers (Supelco) with glass frits fittedThe total amount of iodine recovered from the permeation
to the end of the inlet tube. The traps were wrapped in blackoven outlet by two denuder tubes in series was very low, with
tape to prevent photolysis of molecular iodine. The volumeaverage values of 5 and 17% for freshly coated and older
of hexane used as trapping solvent was decreased to 20 miubes, respectively (Fig. 3). The recovery was also poorly
while the test gas flow rate was increased. Volumetric losseseproducible — not only was there a large difference between
of hexane by evaporation within this new experimental set-upbatches (a) and (b), but within each batch the relative stan-
were investigated as a function of nitrogen flow rate. dard deviations were 70 and 22%, respectively. Furthermore,

Atmos. Meas. Tech., 3, 17785 2010 www.atmos-meas-tech.net/3/177/2010/
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N, 0.15 L min-! >

N, 0.05 L min! I

To waste

20 mL hexane

Acetone/dry ice -50°C

/

Midget bubblers

Fig. 2. Optimised solvent trap experimental set up.

N
a

only 800 ng. The iodine loading was double that used in the
®) M validation of Chen et al. 2006 (480 ng), but even if the de-
nuders were completely saturated at 480 ng iodine, a recov-
ery of ~55% should still be observed at the higher loading.
Similarly, there was no apparent relationship between recov-
ery and concentration of the iodine test gas over the range of
concentrations investigated here (Table 1). The test gas con-

% Recovery
S o N
s o S

El

1 2 3 4 5

Replicate Replicate centration used here (11 ppbv) was approximately half that
used by Chen et al. 2006 (46 ppbv) but the recoveries were
Fig. 3. Percentage recovery of molecular iodine from denuder tubesmUCh lower.
1 and 2 in series fofa) freshly coated tubes arn(®) tubes coated Amylose may take a number of structures, of which only

six months previously. Note that in (a), replicate 4, there is no data, o single helix “v” formation is able to complex with molec-
for tube 1. ular iodine under anhydrous conditions, while the more or-
dered “A” and “B” configurations do not (Rundle and French,

) . ) ) ) . 1943; Rendleman, 2003). Consequently, the protocol used to
the trapping efficiency was highly variable, with no consis- j5;)41e amylose from starch influences the ability of the amy-
tent trends in the proportion of iodine retained on the first andIose to interact with iodine (Rendleman, 2003), and thus the
second tube in series. Preliminary trials of the denuder tUbeﬁxact type and brand of starch used is likely to affect iodine
(results not shown) also indicated highly variable and gener'recovery by the denuder. Amylose was used here, as it is the
ally low recovery of iodine from the gas stream, with values component of starch with the highest iodine binding capac-
ranging from 0 to 27% for single tubes exposed for varyingy, gates et al., 1943) and preliminary trials using ground
lengths of _time :_:md 46 to 62%.for a separate batch in WhiChstarch (Fluka) as per the method of Chen et al. (2006) gave
two tubes in series were combined. low recoveries and poor reproducibility. However, it is possi-

These results suggest that amylose-coated denuders usgfk the amylose had undergone retrogradation from the “V”
as described are not suitable for the quantiﬁcation of mOleC‘form at some Stage, rendering it less reactive to iodine. For
ular iodine in air. They contrast strongly with the findings some starches and amyloses, the presence of moisture is re-
of Chen et al. (2006), who report 92% recovery and 85%quired for iodine binding to occur (Rendleman, 2003). This
trapping efficiency using the same method. Given that thes thought to be because water loosens the starch macrostruc-
elution method appeared satisfactory and the ICP-MS detefyyre in a manner that aids iodine absorption. As the de-
mination step was well validated (see Sect. 2.2.3), the mospuder tubes were dried and capped after coating until use
likely cause of this major discrepancy, as well as the high lev-and the test gas was dry, little moisture was available to fa-
els of variation within the results presented here, is thoughtilitate iodine absorption by the starch. It is possible that
to be related to the starch coating. the slightly better recoveries obtained using denuder tubes

The poor recoveries are not thought to be the result of satuthat had been stored for six months between coating and use
ration of the starch coating. Dry amylose can absorb 26% ofFig. 3b) occurred because these tubes had been exposed to
its mass in iodine (Rundle and French, 1943), which equatesome moisture during storage. In summary, as absorption of
to 1 mg of iodine for a denuder tube coated as described herépdine by starch is a function of both macrostructure (Run-
while the total amount of iodine passed through the tubes waslle and French, 1943) and relative humidity (Rendleman,
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182 R. J. Chance et al.: Determination of gaseous molecular iodine

2003) both these factors must be strictly controlled if starch 2 -
coated denuder tubes are to be used to make reproducib 181 [ & Observed
measurements of atmospheric iodine. 16 1 Expected .
3.1.3 Stability 3 14
g 12 +
There was not a statistically significant difference in iodine % 14
content between denuders stored for one week and thos 8 o3 - *
analysed immediately following exposure (using a student's 8 ¢ |
t-test p=20%). However, the lack of any significant differ- — 04 1
ence was likely the result of the very high variance in both 02 |
sample sets (113 and 52% RSD, respectively) so it is no '
possible to draw conclusions about the stability of exposec 0 0 1 2 3 “t

denuder tubes from this experiment. i
Time/hours

3.2 Solvent traps . o o
Fig. 4. Observed and expected iodine concentrations in prototype

3.2.1 Comparison of hexane and ethanol hexane solvent trap at9°C. Error bars showt1 standard devia-
tion where sufficient replicates were taken.
The properties of the prototype hexane and ethanol solvent
traps are summarised in Table 2. The performance of the .
two solvents was similar, with hexane exhibiting a lower ~ The utility of a solvent trap also depends on the rate of sol-
spectrophotometric limit of detection and higher trapping ef- Vent evaporation — the lower the evaporation rate, the longer
ficiency. Note that while~95% ethanol is more typically ~the trap may sample for and thus the lower the limit of de-
used for UV spectrophotometry because it has lower levels oféction achievable. Under the prototype trapping conditions,
benzene contaminants (Williams and Fleming, 1995), absothe evaporation rates of hexane and ethanol were similar, at
lute ethanol was used here because molecular iodine is mork=2 ML per hour. Assuming a S0mL starting volume, this
soluble in it (Nakanishi and Asakura, 1977). Using5%  Means the traps can be u;ed for up to four hours with [ess
ethanol (Fluka), an improved spectrophotometric limit of de- than 10% solvent evaporation. A fraction of the trapped io-
tection of 170 nM was achieved but this is still greater thandine evaporates with the solvent. By evaporating iodine in
the value obtained for hexane. hexane solutions under a stream of gently warmed(t
The prototype hexane trap gave 84% recovery (Fig. 4) andimulate the warm gas stre_am produced by the permeation
minimum trapping efficiency of 86% (Table 2). Calculat- oven), we found that the ratio of % loss to % solvent loss
ing trapping efficiency from recovery also gives a value of Was 0.42-0.03 @=3). Therefore, 10% hexane loss equates to
86%; the good agreement between measured and calculatédpproximately 5% iodine Ioss,_ a Ieyel considered sufficiently
suggests that losses of iodine within the permeation systenfPW &s to not be corrected for in this work.
were m|n|ma| The prototype ethano| trap appeared to give On the basis of the performance of the two methOdS, it was
recoveries greater than 100%. This is thought to be becauséoncluded that hexane was the better solvent for the trapping
the action of passing the test gas through the solvent traf gaseous molecular iodine. Additional problems were also
purges it of other dissolved gases, and consequently disrup@hcountered with ethanol condensing in the fittings and tub-
the complex equilibria that govern the disproportionation of ing around the top of the solvent trap that militated against
molecular iodine (Lengyel et al., 1993). Comparison of it. Using the prototype hexane trap with an ice/salt cold bath,
calibration curves prepared using pre-purged and unpurge@ 1 cm spectrophotometer cell and a six hour trapping time
ethano' Suggested tha‘[ the iodine S|gna{.,225 nm (|0d|de) (’\’10% SOlVent eVaporation) the ||m|t of detection iS eSti-
in purged ethanol may be 1.2 to 1.8 fold greater than in un-mated to be around 20 to 40 ppbv.
purged ethanol, resulting in overestimation of the amount of The trap is thought to be selective for molecular iodine
iodine trapped. Therefore, it is necessary to ensure that thever volatile organohalogens, HOI ang, Iwhich all have
calibration solution has been purged to exactly the same exa@bsorption maxima at shorter wavelengths (Wall et al., 2003;
tent as the trap at the point of sampling, and that identicalPalmer and Lietzke, 1982; Paquette, 1985). However, there
conditions of pH are maintained. It was not possible to cor-may be some overlap in absorption spectra betwgemnd
rect the recovery results presented here for the effect of purgthe dihalogens IBr and ICI, which absorb 492 and 465 nm,
ing and so instead the trapping efficiency of 67% is taken agespectively in CG (Augdahl and Klaeboe, 1965). How-
an indicator of minimum recovery. ever, the absorption cross sections of ICI and IBr are red-
shifted and weaker than that of ko that their concentrations
would have to be similar to or in excess oftb comprise
a significant interference. Therefore care would need to be
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Table 2. Comparison of prototype solvent trap properties. y 2.5 1
E
5 2
Hexane Ethanol g
LoDZyeq M 140 580 g 15
Evaporation rate mL hr1 1.2 1.7 E
T.ES % 86 67 E 14
Recovery, % 84:8  >100 9
2 o5
]
a1cmcell 3
b Trap held at~ —9°C, flow rate of 0.05 L mifr! T oA : : w w w |
€ Calculated taking LoD (spec) as the minimum concentration 0 0.2 0.4 0.6 0.8 1 1.2
d Average from 1to 3h Mass flow rate / L min!

Fig. 5. Volume of hexane lost over 60 min at a trapping temperature
exercised in experiments or environments where relativelyof —50°C, as a function of nitrogen flow rate.

high concentrations of the interhalogens are expected to be

present. 3.5 4
3 | ¢ Observed
o = Expected
3.2.2 Optimised method S 2.5 -
©
Using a 10cm cell rather than a 1cm cell, the LoD § 15 -
was reduced approximately ten-fold to 14 nM as expected § 1.
Derivatisation using leucocrystal violet gave a further in- =
crease in sensitivity of approximately 20-fold. However, the ~ 0-5 -

reproducibility of the absorbance for a given standard con-
centration using leucocrystal violet was worse, with relative 0 1 2 3 4 5 6
standard deviations in the range 4 to 16%. Because of th Time/ hours

poor reproducibility, the LoD achieved with leucocrystal vi-

olet derivatisation was higher than with hexane alone. Withrig. 6. Observed and expected iodine concentrations in the opti-
further work, it may be possible to develop a derivatisation mised hexane solvent trap-a60°C.

method that yields reproducible results in organic solvent and

a lower LoD.

Hexane evaporation rate as a function of gas flow was in-~60% k loss, while chemical drying agents such a£30s,
vestigated for the improved solvent trap apparatus. At flowDrierite and molecular sieve gave 50 to 80%ldss. The
rates of up to 0.2 L min! hexane showed no appreciable loss most suitable means of removing moisture but not molecular
other than that caused by uptake to the glass frit of the ga#dine from the gas stream identified to date has been two
inlet (Fig. 5). Above this flow rate, evaporative losses of spiral condensers in series held at 0 antD°C, but some
0.17 mL per 0.1 L mint increase in flow rate were observed iodine losses were still incurred.

(Fig. 5). Therefore, an optimum gas flow rate of 0.2 L rrin Under the optimised trapping conditions, recovery of io-
was selected. At this gas flow, evaporative losses were lineadine from the permeation oven source was found to be
with time with a hexane loss rate of 0.19 mL-Ar For an ini- 105+6% (Fig. 6), with no iodine detectable in the second

tial hexane volume of 20 mL, under the optimised conditionstrap (T. E.=100%). This demonstrates that the trapping per-
it would take nearly 11 h for 10% of the trapping solvent to be formance of the optimised trap is improved from that of the
lost. While the colder trapping temperature offers improvedbasic trap set up given in Table 2.

performance in terms of solvent evaporation, it also causes Combining the improved spectrophotometric limit of de-
any moisture in the sample gas stream to condense and sutection with the enhanced trapping efficiency, longer trap-
sequently freeze on the scintered frit of the inlet, blocking ping times and higher gas flow rates obtainable with the opti-
the system. Therefore, great care must be taken to ensure timeised trap yields a considerably improved atmospheric limit
gas stream entering the trap is completely dry. While this isof detection for molecular iodine. For a trapping time of
practicable under many experimental situations, it may limit10h 45min (10% solvent loss), the atmospheric LoD is of
the applicability of the traps for sampling ambient air. Use 69 pptv and the limit of quantification (LoQ; calculated using
of a Nafion box drier upstream of the solvent traps led to10 times the standard deviation of the blank) is 230 pptv. The
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LoD is comparable to peak concentrations of molecular io-Chen, H., Brand, T., Bandur, R., and Hoffmann, T.: Characteriza-
dine in coastal air observed at low tide (93 pptv; Saiz-Lopez tion of iodine species in the marine aerosol: to understand their
et al., 2006b), suggesting the traps may be used in laboratory roles in particle formation processes, Front. Chem. Chin., 2, 119—
investigations (for example, seaweed chamber studies) at 129, 2006.

concentrations close to those observed in the atmosphere. Pxneuf, S., Ruth, A. A., Vaughan, S., Varma, R. M., and Orphal, J.:
The time dependence of molecular iodine emission ftami-

naria digitata, Atmos. Chem. Phys., 9, 823-829, 2009,
4 Conclusions http://www.atmos-chem-phys.net/9/823/2Q09/
Finley, B. D. and Saltzman, E. S.: Observations of,dBrp,
On the basis of the results presented here, it is concluded that @nd b in coastal marine air, J. Geophys. Res., 113, D21301,
amylose coated diffusion denuders are not suitable for the de- do':10'1029/20083'30_10269’ 2008. _
termination of molecular iodine in air. The recovery is very Garland, J. A. and Curtis, H.. Emission of lodine from the Sea-

low and highly variable, and these problems are compounded irggcleg'glthe Presence of Ozone, J. Geophys. Res., 86, 3183~

by the difficulty of O_btai”ing a sufficiently Cleah t?'ar?k- Ifa Harris, D. C.: Quantitative Chemical Analysis, 6th edn., 726 pp.,

denuder approach is required, the cyclodextrin/iodide coat- \y H. Freeman, New York, USA, 2002.

ing (Huang and Hoffmann, 2009) is expected to give moreHyang, R. J. and Hoffmann, T.. Development of a Coupled

reliable results. Diffusion Denuder System Combined with Gas Chromatogra-
Hexane or ethanol solvent traps with spectrophotometric phy/Mass Spectrometry for the Separation and Quantification of

detection of iodine species were found to give high recov- Molecular lodine and the Activated lodine Compounds lodine

eries and good reproducibility. Of the two solvents, hex- Monochloride and Hypoiodous Acid in the Marine Atmosphere,

ane gave the better performance. Using the optimised hex- Anal. Chem., 81,1777-1783,2009. = _

ane trap method, a gas phase limit of detection of 70 pptv ig<loskowski, A., Pilarczyk, M., and Namiesnik, J.: Denudation — A

achievable, which is within the upper limit of ambient lev- convenient method of isolation and enrichment of analytes, Crit.

els of molecular iodine observed in the coastal marine atmo- “Rev. Anal. Chem., 32, 301-335, 20.02'
Kipper, F. C., Carpenter, L. J., McFiggans, G. B., Palmer, C. J.,

;phere (S_a|z-Lopez etal., _2006b). The o.pt|r.n|sed hexane trap Waite, T. J., Boneberg, E. M., Woitsch, S., Weiller, M., Abela,
is thus suitable for measuring _moleculgr |od|ng at atmospher- R.. Grolimund, D., Potin, P., Butler, A.. Luther, G. W., Kroneck,
ically relevant concentrations in experimental investigations. p. M. H., Meyer-Klaucke, W., and Feiters, M. C.: lodide accu-
If a means of drying the sample gas stream without remov- mulation provides kelp with an inorganic antioxidant impacting
ing molecular iodine can be found, it may also be possible atmospheric chemistry, Proc. Nat. Acad. Sci. U.S.A., 105, 6954—
to use hexane traps to measure molecular iodine in air where 6958, 2008.
naturally occurring concentrations are very high, such as in-engyel, I., Epstein, I. R., and Kustin, K.: Kinetics of lodine Hy-
the vicinity of kelp beds. drolysis, Inorganic Chemistry, 32, 5880-5882, 1993.
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