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Environmental context. Kelp at Mace Head, Ireland, produces large quantities of iodine when exposed to sunlight at
low tide and this iodine results in the rapid production of particles. Cape Grim, Tasmania, also has large colonies of kelp
(Durvillaea potatorum) but its role in particle formation appears limited. A flux chamber was used to better understand
the response of Durvillaea potatorum to light stress and ozone.

Abstract. Brown kelp, in particular Laminaria digitata at Mace Head, Ireland, has been shown to emit iodine when under
stress, resulting in new particle formation. The Cape Grim Baseline Air Pollution Station, Tasmania, is surrounded by
rocky reefs that support large colonies of the brown kelp Durvillaea potatorum. During an intensive campaign in February
2006 at Cape Grim, levels of IO, OIO and methyl iodide remained at background levels and no particle formation events
could be associated with locally generated precursor iodine species.

In order to better understand the limitations of the local kelp to provide a source of precursor species, samples of
Durvillaea potatorum were collected from the beach below the Cape Grim Station and tested for their capacity to initiate
particle formation using a flux chamber technique. Particles were observed only when the kelp was exposed to both very
high levels (>100 ppb) of ozone and natural solar radiation. There was a high correlation between ozone level and particles
produced. The particles resulting from exposure to high levels of ozone were aromatic and volatile.

Durvillaea potatorum appears to plays a very limited role in contributing to particle formation at Cape Grim, but it
does represent a source of atmospheric iodine under photo-oxidative stress, of 18 pmol g−1 (fresh weight) min−1 and is
likely to have a significant role in atmospheric chemistry at this site.

The role of the brown kelp, Laminaria digitata, in providing
the necessary precursors to nucleation events at Mace Head,
Ireland, has been well studied,[1–3] and it had been expected that
the brown kelp, Durvillaea potatorum, at Cape Grim, Australia,
would also provide a source of iodine and iodated gases that
would initiate particle formation.

Previous measurements at the Cape Grim Baseline Air Pollu-
tion Station of a range of alkyl halides, including IO and OIO, had
shown that these gases were either at low levels or below detec-
tion limits,[4–6] and this was suggested to be the result of the
distance of the Cape Grim Station from the source region on the
beach 94 m below.[7] Measurements of particle numbers, both at
the Station and on the beach below had previously shown that
beach cast Durvillaea potatorum was a source of particles[8,9]
and at the same magnitude as observed at Mace Head, 20 000
and 57 000 respectively.[1,9]

During the Precursors to Particles Campaign 2006 (P2P
2006),[10] the expected nucleation events due to the local
macroalgae, Durvillaea potatorum, were not observed, suggest-
ing differences between the processes at Cape Grim and at Mace
Head. Initial tests during P2P 2006 showed that beach cast
Durvillaea potatorum produced particles only when exposed to
high levels of ozone (>450 ppb) and light. To better understand
the possible role of the local kelp as a source of particles, a limited

assessment of Durvillaea potatorum was made using a flux
chamber, in an approach similar to that used by Palmer et al.[11]

Bull Kelp, Durvillaea potatorum, was collected from the
beach 94 m below the Cape Grim Baseline Air Pollution Sta-
tion by cutting a frond from a rocky outcrop at high tide to
minimise stress and it was stored in seawater before use in the
flux chamber.

The kelp (3.15 kg fresh wet weight) was placed in a 250-L flux
chamber, with mylar walls, transparent to UV-B radiation.[12]
The flux chamber was sited on a bench on the Cape Grim instru-
ment deck. The flux chamber also contained an ozone generator
(Rollex HV-206A, New Zealand) and the ozone concentrations
and particle number concentrations were monitored continu-
ously. Ozone concentration in the chamber was measured using
an ozone calibrator (ML9811, Monitor Laboratories, USA). Par-
ticle number concentrations were measured using a TSI 3776
CPC (TSI Corporation, USA), which was connected to the flux
chamber using a short (<1 m) length of antistatic tubing to
minimise particle loss.

The flux chamber was not leak tight and to ensure that ambient
air did not enter the chamber a small diaphragm pump (Dynavac
OD1, Australia) was used to provide airflow at 12 L min−1

to maintain the chamber at a positive pressure. A HEPA fil-
ter (Pall Gelman #12144, USA) was fitted to the outlet of the
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Fig. 1. Schematic diagram of the experimental set-up of the flux chamber for the December
2006 work. The ozone monitor was not included during the P2P 2006 study in February 2006.

Table 1. Provides the running period of the ozone generator, the peak
ozone concentration achieved in the flux chamber for that period
generation and the resulting peak particle number concentration in
the chamber, for the measurements performed in December 2006 on

Durvillaea potatorum

Rollex ozone Peak ozone Peak particles
generator [s] [ppbv] [N cm−3]

10 117 2.81 × 103

15 122 2.15 × 103

20 136 1.19 × 104

30 247 6.08 × 104

40 314 1.64 × 105

60 390 3.34 × 105

90 439 4.18 × 105

120 455 5.04 × 105

pump to remove any particles. This flow of particle-free air also
flushed the chamber between each change in ozone level. The
experimental set up is shown in Fig. 1.

The ozone generator was turned on for a specified period (see
Table 1) and then turned off. Particle numbers showed an imme-
diate response to the addition of ozone and the concentration of
both was allowed to increase and then decay back to ambient
levels before restarting the generator (Fig. 2).

Iodine measurements could not be made on the flux cham-
ber simultaneously due to the high levels of water vapour in the
chamber, which contaminated the trap measurements. However a
small 1-L chamber was used to assess the iodine emissions from
subsamples of Durvillaea potatorum, when exposed to ambi-
ent light, using an ethanol trap as described by Palmer et al.,[11]
but with the addition of an ice and sodium chloride (−15◦C)
water trap in line between the chamber and the ethanol sparger.
The blank for iodine was assessed by determining the iodine
emissions from the empty 1-L flask, which demonstrated that
there was no iodine without the presence of kelp. Measure-
ments were made on several fresh strands of kelp (n = 9) and
iodine emissions from kelp exposed to ambient sunlight were
18 ± 11 pmol g−1 (FW) min−1.

During P2P 2006, as part of the initial trials, six transmission
electron microscopy grids were placed in the chamber, immedi-
ately before exposure to ∼450 ppb of ozone, and left for 24 h. It
was expected that very large numbers of the small newly formed
particles would be collected on the grids; however, an untreated
grid was apparently devoid of particles when examined, while

those exposed to decane, decanol, or dimethylsulfoxide vapours
showed only a few. Only the grid exposed to xylene vapour
showed many particles like that of Fig. 3. This suggests that
the particles evaporated before they could be examined in the
electron microscope unless previously stabilised by dissolving
in xylene.

An aromatic is perhaps the most common class of compound
that would be readily soluble in xylene but not in decane, decanol
or dimethylsulfoxide vapours. Some of the crystals formed
exceeded 1 µm in length but had widths<200 nm and their thick-
ness, while indeterminate, appeared to be much lower. Growth
of airborne particles in a small chamber to a size large enough
to create such crystals is very improbable. Instead, a deposit of
fine droplets on the collecting surface, which coagulated to form
larger drops, is indicated. The fact that the large drops were not
observed in the electron microscope unless stabilised by xylene
suggests a compound with a relatively high vapour pressure,
which includes some organics and aromatic compounds. The
atmospheric lifetime of very small, nucleated particles of this
material would, therefore, probably be short when the gas from
which they formed became subsaturated, even if they were to be
nucleated in the presence of ambient ozone conditions.

The results from the flux chamber in December 2006 show
a very strong relationship between ozone added and particle
production from Durvillaea potatorum, with an exponential fit
giving an R2 of 0.93 (Fig. 4). If this fit is used to extrapolate back
to ambient ozone levels at Cape Grim, it implies that between 900
and 1300 N cm−3 can result from the interaction of the kelp and
ozone. The ambient ozone concentration during P2P 2006 and in
December 2006 was 15–16 ppb, suggesting that ambient particle
generation would be at the lower end of the predicted range and
in agreement with the particle number concentrations measured
on the beach, directly over beach cast Durvillaea potatorum of
843 ± 205 N cm−3.[10]

The response of Laminaria digitata to a variety of ozone lev-
els varied markedly between samples of the kelp,[11] with particle
numbers reaching 650 N cm−3 with 500 ppb of ozone, but also
showing little or no response to subsequent additions of ozone at
500 ppb (see fig. 8, Palmer et al.[11]). In their fig. 8, Laminaria
digitata produced >275 000 particles with only the addition of
280 ppb of ozone. For one sample of Laminaria digitata, there
was a strong relationship (R2 of 1) between ozone added and
particle number generated.[11] These points are shown here in
Fig. 4 and clearly Laminaria digitata produces significant num-
bers of particles at much lower levels of ozone than Durvillaea
potatorum.
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Fig. 2. Shows the response of fresh Durvillaea potatorum, in terms of particle numbers, to elevated
levels of ozone, during the December 2006 flux chamber work.

500 nm

Fig. 3. Shows a particle collected in xylene resulting from the exposure of
Durvillaea potatorum to ∼450 ppb of ozone during the flux chamber work
performed as part of P2P 2006 (February 2006).

Ambient levels of ozone at Cape Grim range seasonally
between 15 ppbv in summer and 30 ppbv in winter,[13] so the
levels used in the flux chamber experiment are not likely to
occur in the clean marine boundary layer. The lowest level
of ozone achieved in the flux chamber was close to 100 ppb
and this was at the limit of controlling the operation of the
generator.

While the kelp beds 94 m below the Cape Grim Station
contain a much higher biomass than the beds at Mace Head,
82 kg m−2 and 2.5 kg m−2 respectively,[14,15] Durvillaea pota-
torum has a far lower iodine content than Laminaria digitata.
Preliminary measurements indicate that it contains in the order
of 90 mg kg−1 of iodine[16] compared with Laminaria digitata,
which contains 2500–12 000 mg kg−1.[17]

In contrast to the iodine content of the kelp, the emis-
sion of iodine from Durvillaea potatorum at 18 pmol g−1 (FW)
min−1 is consistent with emissions from unstressed or mildly
stressed Laminaria digitata, which emitted iodine in the range
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Fig. 4. Shows the relationship between peak ozone exposure and peak par-
ticles produced for both Durvillaea potatorum and Laminaria digitata.[11]

3–130 pmol g−1 (FW) min−1.[11] This suggests that the kelp
at Cape Grim still represents a potential source of iodine
given its high biomass and iodine emissions under moderate
photo-oxidative stress.

Durvillaea potatorum is not likely to be a major source of new
particles at Cape Grim, but could represent an important source
of iodine, which may induce limited particle formation and also
contribute to the iodine in aged aerosols. Emissions of iodine
and iodated species, including methyl iodide, from Durvillaea
potatorum are likely to have an important role in atmospheric
chemistry at Cape Grim[15,18] and iodine has previously been
measured in individual particles at Cape Grim.[19]

Further work at Cape Grim is needed to extend the lim-
ited study reported here by assessing other types of macroalgae
found locally at Cape Grim for their potential to produce the
precursor gases needed for particle generation and the robust-
ness of the relationship between particles produced and ozone
concentration. In addition, a range of precursor gases should be
continuously monitored, along with particle numbers, to better
determine the identity of any precursors to particle formation.
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A campaign is planned at Cape Grim for late 2007 (Austral
spring/summer) to address the points above.

Coastal regions and the open ocean support high biological
activity and occupy a large surface area.[20] If the processes that
are important at Mace Head, where the local biology (Lami-
naria digitata) provides nucleating precursors to particles, are
also important in Tasmania then these regions are likely to be
highly critical for particle production and the understanding of
particle production. However, the specific conditions and coastal
ecology of the ocean near Tasmania are very different to the
environment of the Northern Hemisphere coastlines and oceans.
The assessment of the local kelp, Durvillaea potatorum, at Cape
Grim suggests that while it may contribute to new particle num-
bers it does so at close to three orders of magnitude lower than
that observed for Laminaria digitata at Mace Head. Clearly, fur-
ther work is needed to assess a range of macroalgae along a
variety of coastlines, in a variety of conditions, before the pro-
cesses observed at Mace Head can be assumed to be applicable
globally.[21]
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