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MASS SIZE DISTRIBUTIONS
AND PRECURSOR GAS CONCENTRATIONS
OF MAJOR INORGANIC IONS
IN ANTARCTIC AEROSOL

RISTO HILLAMO?, IVO ALLEGRINI?*, ROBERTO SPARAPANI® and
VELI-MATTI KERMINEN?

AFinnish Meteorological Institute, Air Quality, Sahaajankatu 20 E, FIN-00810 Helsinki,
Finland and °CNR/Institute for Atmospheric Pollution, Via Salaria 29,3 km, I-00016
Monterotondo Scalo (Roma), Italy

(Received 18 July 1996; In final form 30 April 1997)

Mass size distributions of major inorganic ions in aerosol particles and their atmospheric precursor gases
were studied at Terra Nova Bay in Antarctica (74° 41 '42 'S, 164° 05 “36 “E) between January 30 and Feb-
ruary 18, 1995. The mass size distributions of sulphate, the major inorganic ion, had two submicron and
two supermicron modes. The accumulation mode (average mass median diameter 0.285+0.016 pm) had a
very stable concentration over the whole sampling period (238.8139.7 ng/m3). The smaller submicron
mode (Aitken mode) had an averaged mass median diameter at 0.069 um (standard deviation 0.011 pm).
The existence of an Aitken mode is an indirect indication of new particle formation in the Antarctic sum-
mer atmosphere. The coarse-particle sulphate is due to the emissions of sea salt particles and their subse-
quent absorption of and reactions with atmospheric SO;. Ammonium was found primarily in the
accumulation mode, where it probably was associated with very acidic ammonium sulphate/hydrated sul-
phuric acid particles. Other detected ions were sodium, magnesium, chloride and nitrate, all of them found
mainly in coarse-particle size range and related to sea-salt particles and their subsequent heterogenous
reactions with gaseous compounds. Concentration ranges of HNO,, HNO;, SO, and NH; where 18.9-
23.9,20.9-39.1, 38.1-60. | and 31.2-52.7 ng/m3. respectively.

Keywords: Antarctica; Polar atmosphere; inorganic ions; impactors; denuders

INTRODUCTION

Compared with polar Northern-hemisphere regions which are exposed to pollut-
ants from industrialized areas in Eurasia and Europe for most of the time, high
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latitudes in the Southern hemisphere are relatively free from anthropogenic influ-
ence. The major continental, natural sources for the Antarctic air pollution are
volcanos, and emissions from penguin populations (121 Seas are an important
source of both primary and secondary compounds found in the Antarctic tropo-
sphere. Especially during the austral summer, the open oceans surrounding the
Antarctic continent release large quantities of various inorganic and organic spe-
cies to the atmosphere (3,41,

It has now been widely recognized that understanding and predicting the global
climate change requires incorporation of aerosol particles in climate models [5.61
Particles affect the Earth’s radiation balance directly by scattering and absorbing
incoming solar light, and indirectly via their effects on cloud properties. The sign
of both direct and indirect aerosol forcing is expected to be negative (cooling).
Inorganic ionic species play a central role in both cases. From the dry mass of
accumulation-mode particles (mass median diameter at around 0.5 pm), which
commonly account for more than 90% of the direct radiative forcing due to aero-
sol particles ), typically some 40 to 60% comes from major inorganic ions. In
addition to this, inorganics dictate to a large extent particle hygroscopic proper-
ties, which are of prime importance in assessing both direct and indirect aerosol
radiative forcing.

Modelling climatic and other influences due to aerosol particles requires infor-
mation on the spatial and temporal distribution of the particle number concentra-
tion and chemical composition as a function of the particle size. Knowing the
sources for particles and their precursor gases is essential for understanding and
quantifying the secondary processes that modify particle populations during their
residence in the atmosphere. An example of a major particulate precursor whose
atmospheric concentrations are influenced significantly by both natural and
anthropogenic sources is sulphur dioxide. Anthropogenic SO, is mainly due to
energy production by fossil fuel combustion and to nonferrous ore smelting,
while natural SO, originates almost entirely from dimethyl sulphide (DMS)
released to the atmosphere by phytoplankton blooming on ocean surfaces (8. 91
Atmospheric DMS is oxidized rapidly to methane sulphonic acid (MSA) and sul-
phate, both of which are found predominantly in the particulate phase (1o

This paper summarizes results from a field experiment carried out at Terra
Nova Bay (74° 41 ’42 S, 164° 05 ‘36 “E), Antarctica, between January 30 and
February 18, 1995. The experiment involved measuring the concentrations and
mass size distributions of inorganic ionic compounds with impactor size spec-
troscopy, as well as measuring the concentrations of particle precursor gases with
annular denuders. The primary goal of this study was to examine tropospheric
multi-phase chemistry in an environment affected dominantly by natural sources
of air pollutants.
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EXPERIMENTAL

Diffusion denuder/filter pack

Excluding a few modifications given below, the experimental set up of the elec-
tronically-controlled diffusion denuder sampler used in this study was similar to
that described in Allegrini et al. (11, For the present study there was no cyclone
in the sampling line due to technical problems, but a denuder for ammonia col-
lection was included. Instead of sodium chloride, the first two denuders were
coated with sodium fluoride. A backup filter was used to collect ammonia and
acidic gases released from the front filter. The denuder line was operated with a
24-hour sampling duration.

Low pressure impactor

Impactors have widely been used to collect size-segregated particle samples for
chemical analysis. The impactor type used in this study was a copy of the com-
mercial Berner low pressure impactor model 25/0.015 112!, The impactor has ten
stages covering the particle size range of 0.035-15 pm. The volume flow rate of
air through the impactor is 25 L/min at sea level. The aerodynamic cut-off diam-
eters (particle sizes corresponding to the 50% collection efficiency) of the impac-
tor stages are shown in Table I. The impactor collects and classifies particles in
the size range one expects to be important in remote polar areas for acrosol mass
size distribution.

TABLE I Aerodynamic cutoff diameters of the low pressure impactor. Calculated at conditions
980 hPa and 278K

Stage number Aerodynamic cutoff diameter, um

Inlet 159
il 15.9
10 7.75
9 429
8 2.25
7 1.12
6 0.564
5 0.336
4 0.173
3 0.095
2 0.067
I

0.035
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The sampling set up is shown schematically in Figure 1. The sample inlet was
outside the cabin, whereas the impactor, the vacuum pump (Leybold SV 25), the
vacuum line with a needle valve and a vacuum gauge, were inside. The inlet was
connected using a 20-cm-long adapter with the impactor. Both the inlet and the
impactor were oriented vertically. The purpose of the inlet was to prevent snow
and water from penetrating the impactor, and to make the coarse-particle sam-
pling efficiency independent of the wind speed 131 Two identical impactors
were used; when the first one was sampling, the other one was unloaded, cleaned
and prepared for sampling.

Aerosol

</
UM-INLET

N

Water trap and
preseparator

11-STAGE BERNER
LOW PRESSURE Exhaust
IMPACTOR
Absolute pressure Needle [2><] Absolute
gauge vaive aerosol
filter
— VACUUM
D (k PUMP

FIGURE 1 The experimental field set up for impactor sampling

The air flow through the nozzles of the lowest impactor stage was kept critical
by regulating the pressure downstream of the impactor to a value of 85 mbar
using a needle valve. This ensures a constant mass flow over the sampling
period, because the impactor had no back up filter which might change the pres-
sure drop. The air temperature of the flow downstream of the impactor was not
measured, which causes some uncertainties in calculated sample volumes. While
the outside temperature varied from 0 to —14 °C, the air-conditioned and heated
cabin was permanently around +20 °C. Since the temperature response in the
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impactor is not known, it is difficult to account for variations in the ambient tem-
perature over the long sampling period (48 h). As a compromise. it was assumed
that the sample air warms up little inside the impactor and a constant value of
+5°C was used in calculating the sample volumes.

Polycarbonate films were used as impaction substrates (poreless film from
Nuclepore Inc., thickness 10 pm). To prevent, or reduce, the particle bounce off
when they hit the collection substrate, all films were coated with vacuum grease.
Coatings were made using a toluene solution of the Apiezon L vacuum grease.
The solution was painted onto the substrate with a brush. After evaporation of
the toluene, a quite uniform grease layer covering the approximate sample
deposit area under the impactor nozzles was obtained.

Chemical analysis of denuder and impactor samples

To avoid possible losses and artifacts during storage, most samples were ana-
lysed immediately after sampling. The substrates were first cut into pieces and
placed in test tubes for extraction with 8—10 ml of deionized water. Analysis was
conducted by ion chromatography (Dionex DX-100) using a S0 pl loop and the
Dionex AS 12 column for anions and the Dionex CS 12 column for cations. Lim-
its of detection and quantification are shown in Table II. Results of K* and Mg2+
in the impactor data were not used because of high blank values in the extraction
solution. Runs 9 and 10 of the impactor samples were analysed in the chemical
laboratory several weeks after the sampling. Both C1~ and NH,4* are susceptible
to distortion during storage, and were therefore discarded from the data sets of
runs 9 and 10.

TABLE II Detection (DL) and quantification (QL) limits in ion chromatograph analysis (ng/ml)

¢ NOy NOoy SO/~ NHS Net K Mgt

DL 3 5 10 15 5 1 5 2 5
QL 10 15 30 45 15 3 15 6 15
RESULTS AND DISCUSSION

Measurement site

The measurement site was located in a clean area on the top of a hill northwest of
the Italian Antarctic research camp in Terra Nova Bay. The distance between the
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sampling site and the main camp was 400 meters. The camp is a potential con-
tamination source to the local atmosphere. The major activities causing pollutant
releases are waste handling (storage and limited burning), and power generation
by two 90 kW diesel generators. Although possible contamination due to the
main camp was not monitored, it probably had no or minor influence on meas-
ured concentrations because the prevailing wind direction was usually in the
clean sector. The wind data over the sampling period is shown in Figure 2. The
dominating wind directions 210°-330° are in the clean sector, and cover 68 % of
the measurement time.

Terra Nova Bay Windrose
30.01.1995 00: 00 - 18.02.1995 18: 00

% m/s

CALM

FIGURE 2 Wind statistics in Terra Nova Bay meteorological station over the field period of this
study

Another potential contamination source during the sampling period was an oil
supply ship (Feb. 5-6). During the filling of the camp's oil tanks, the ship was
anchored north of the measurement site. Winds during this period were in the
sector 270°-330°. However, no traces of contamination of ship diesel engine
exhausts can be identified from the data.

Diffusion denuder/filter pack

The lack of a cyclone upstream of the denuder line may lead to contamination of
the annular denuder tubes by coarse-particle deposition. Therefore, the gas con-



18:28 17 January 2011

Downl oaded At:

MASS SIZE DISTRIBUTIONS 359

centrations presented here are limited to periods with low coarse-particle concen-
trations. The periods were chosen according to the data in Figure 5. The results,
together with data from some other studies, are shown in Table III. The original
24-hour denuder data were averaged to correspond to 48-hour impactor runs. For
the period February 15-16 only SO, concentration is shown, since those samples
were analysed in the laboratory several weeks after the sampling, being subject
to artifacts and to obvious losses of semi-volatile compounds during the storage.

TABLE III Concentrations of some gaseous components (ng/m3) during selected impactor runs!

Date Impactor HNO, HNO; S0, NH;
Run

Ave STD Ave STD Ave STD Ave STD

Jan 30-31 1 225 7.7 226 75 559 10.1 527 145
Feb 34 3 18.9 2.6 39.1 59 601 119 393 7.0
Feb 7-8 5 239 09 20.9 140 402 129 312 113
Feb 15-16 9 - - - - 381 961 - -
South Pole, ref. (1) - - - - - - 16.0
Antarctic marine 45—

boundary layer, ref. (14) 450

1) Samples of Feb 15-16 were analyzed in the laboratory after the field campaign and the
data of HNO,, HNO,and NH, are discarded due to potential risk of losses or artifacts

According to Gras (141 concentrations of SO, may vary in the range 45—
450 ng/m3 in the Antarctic marine boundary layer. The highest values are from
sub-Antarctic areas and may be influenced by long-range transported anthropo-
genic pollution. Thus, the SO, concentrations measured in the present study are
consistent with levels observed in Antarctic clean polar areas in previous studies.
The ammonia concentrations measured in the present study range from 31.2 to
52.7 ng/m3 , consistent with the mean ammonia concentration of 16 ng/m3 meas-
ured in a cleaner environment, the Amundsen-Scott station, at the South-Pole {1/,

Impactor data: inversion and mode fitting

A data set of an impactor run consists of a series of ionic concentrations (ten for
each ion) found by chemical analysis of the substrates from the different impac-
tor stages. Each stage has a certain cut-off diameter: in an ideal case the stage
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collects all particles larger than this cut-off size, while particles smaller than that
size penetrate the stage. The impactor stages are in series, thus the upper limit of
a stage is set by the preceding stage. Although the impactor stages never have the
“ideal” collection characteristics, traditionally the step function has been used to
approximate the real S-shaped response function (collection efficiency vs. parti-
cle diameter). The result is a discrete size distribution given typically in a differ-
ential form Am/Alog Dy, where Am is the mass concentration found in the stage
and Alog D, is the difference of logarithms of stage size boundaries. Using this
simplified approach, the size resolution of an impactor usually is good enough to
detect the modal nature of atmospheric aerosols with a geometric standard devia-
tion typically varying between 1.3-2.0. A more accurate approach in the data
reduction, the data inversion, can be employed if the impactor response (the
S-shaped collection efficiency curve for each stage) is known.

The data inversion technique is advantageous for the evaluation of impactor
data, enabling the use of the accurate collection efficiency curves instead of
approximate step functions. The inverted size distributions are closer to real ones
than those in the step-functional approach. The inverted size distributions can
also give continuous information on the species’ mass as a function of particle
size. The raw data of this study were inverted using the MICRON data inversion
code '3, In the inversion, the calibrations of Wang and John (16] and Hillamo
and Kauppinen [!7 were used for the response of the Berner low pressure impac-
tor. The inverted size distribution is based on a single solution, which is found
using the stagewise concentration data and the corresponding experimental
errors. As a simple quality check, the inverted distribution were always com-
pared with the discrete size distribution and with the total concentration of the
raw data. In a proper inversion they should agree. More detailed discussion on
the potential problems related to impactor data inversion are discussed by Ker-
minen et al. (18],

Atmospheric aerosols usually have distinct particle size modes. Each mode is
frequently related to a different formation mechanism, such as photochemical,
cloud processing or mechanical disintegration. The modes can be presented by
means of statistical functions, the most common of which is a log-normal distri-
bution. In this work the mode fitting was conducted using a software developed
by Winklmayer et al. ''®) and modified further at the University of Gent.

Particle size distributions

The measured anion and cation mass size distributions are shown in Figures 3
and 4, respectively. Over the coarse-particle size range (particle aerodynamic
diameter greater than 1 um), ten complete data sets for sulphate. chloride,
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sodium and magnesium, were obtained. The nitrate size distribution could be
constructed from runs 1-5, 9 and 10. Technical difficulties in the water purifica-
tion system caused quite high blank values for Ca and K, and insufficient number
of data points to determine their size distributions were available. For the same
reason nitrate data for runs 6-7 were considered uncertain and discarded.

600
400
200

o

80
60
40
20
0
2500 - o
2000 |
1500 |-
1000 -
500 -
0 L m—n
0.01 0.10 1.00 10.00
PARTICLE DIAMETER, pm

FIGURE 3 Size distributions of anions. Particle diameter is aerodynamic

dm/diogDp, ngim’

Over the fine-particle size range (aerodynamic diameter less than 1 pm), com-
plete data sets were obtained for sulphate and ammonium only. However, ammo-
nium data of runs 9 and 10 were not used because they were analyzed after the
field campaign in a chemical laboratory, and could have been contaminated by
ammonia during the storage. For chloride, nitrate, sodium and magnesium, size
distributions were obtained from a total of 5 to 8 runs. Calcium and potassium
concentrations, in this case. were also too low to distinguish them from the rela-
tive high blank values of the extract solution.

Excluding sulphate, the observed ions were associated primarily with either
fine or coarse particles. Overall, the measured mass size distributions displayed
four separate modes. The Aitken mode, representing particles smaller than about
0.1 um in diameter, consisted probably of aerosols formed in the Antarctic
marine atmosphere. The accumulation mode with a particle diameter between 0.
and 1 pum. had particles grown from the Aitken-mode by cloud processing,
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FIGURE 4 Size distributions of cations. Particle diameter is aerodynamic

sea-salt particles emitted from the ocean, and possibly some long-range-trans-
ported particles from remote continental sources. The two overlapping
coarse-particle modes were primarily sea-salt particles.

For each ion and run, the log-normal modal parameters were calculated. The
statistics of these calculations is summarized in Table IV. The averaged data
were used further to compare the mass concentration ratios of ions in the atmos-
phere to the respective ratios in the sea water. The results of this comparison are
shown in Table V. For the upper supermicron mode (mode 4), the ratios of sul-
phate to sodium. sodium to chloride and magnesium to sodium, are very close to
those in the sea water. This mode consists most likely of relatively fresh sea-salt
particles. The lower supermicron mode (mode 3) is enriched in sulphate, while
other concentration ratios are again close to those in the sea water. Mode 3 evi-
dently represents sea-salt particles experienced some uptake of sulphate during
their residence in the atmosphere. The concentrations of sea salt particles (Table
IV) and the modal nature is in agreement with the observations of Wyputta (201,
In their study at the Georg-von-Neumayer station in Antarctica it was found that
sea salt particles consist of particles produced by wind-induced bubble bursting
at the ocean surface and of primary aerosols of local origin for coastal stations.
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TABLE V Ratios of modal mass concentrations compared to ratios in sea water

Ratio Mode 2 Mode 3 Mode 4 Sea water*
SO42'/Na* 7.80 0.49 0.29 0.25
Na*/CI” 0.97 0.66 0.61 0.55
Mg?*/Na* 0.21 0.12 0.11 0.13

* According to CRC Handbook of Chemistry and Physics (1989)

The dominating ion in the accumulation mode (mode 2) is sulphate. The ratio
of Na* to CI” in this mode is larger than that in the sea water, which can be
explained by the reaction of sulphuric and nitric acids with NaCI and MgCl, in
the sea-salt particles, and subsequent evaporation of HCI from these particles
{211 As shown later in the text, the accumulation mode plausibly is an external
mixture of relatively neutral sea-salt particles and more acidic ammonium-sul-
phate/hydrated sulphuric acid particles.

Table VI shows the average modal concentrations of each ion, expressed in
units neq/m3. The anion to cation ratios of modes 3 and 4 are 1.02 and 0.988,
respectively. The apparent balance of ion charges for supermicrometer particles
suggests them to be approximately neutral. The respective ratio in the accumula-
tion mode (mode 2) is 2.49, which can be ascribed to the presence of H* not
measured in this study. If we assume an external mixture of sea-salt and ammo-
nium-sulphate particles in the accumulation mode, the anion to cation ratio of the
latter ones is as high as 4.81, making these particles extremely acidic. A conse-
quence of this is the relatively strong acidity of precipitation observed in Antarc-
tica by surface snow and ice core measurements [22].

TABLE VI Average modal concentrations in neq/m3. Also shown are the calculated non-sea salt
SO42‘ concentration, and total concentrations of anions and cations.

Total SO~ nss-SO7* NHgt NO;™ CI Na*  Mg?*  Anions Cations

Mode 1 0.16 SRk 024 004 055 - - 0.75 0.24
Mode 2 497 4.81 1.00 010 089 086 053 5.96 2.39
Mode 3 1.54 0.75 013 042 649 661 153 8.45 8.27
Mode 4 2.87 0.40 019 016 218 207 420 24.8 25.1

* Calculated using a mass ratio of 0.25 for SO,2-/Na* in sea water
** Not calculated due to lack of Na* data
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Sulphate

Atmospheric sulphate originates almost entirely from SO, emitted directly by
many anthropogenic sources, and from DMS released by oceans. The lifetimes
of particulate sulphate and its precursors commonly are no longer than a few
days in the atmosphere, which makes the flux of long-range-transported anthro-
pogenic sulphate to Antarctica quite small (41, The dominant source of sulphate
measured in this study thus is expected to be DMS emitted by the high-latitude
Antarctic oceans.

The conversion of SO, to particulate sulphate occurs via multiple pathways. In
a global scale, from 50 to 90% of the sulphate is estimated to be formed by the
oxidation of dissolved SO, in cloud droplets (231 This mechanism generates sul-
phate primarily to the accumulation mode. During sunlit hours, gas-phase oxida-
tion of SO, produces sulphuric acid, most of which condenses on preexisting
submicrometer particles. If ambient conditions are favourable, a portion of gase-
ous sulfuric acid nucleates with water vapour to form new, nanometer-size parti-
cles. In the marine boundary layer, an important mechanism producing
particulate sulphate has been speculated to be the oxidation of SO, by ozone in
the water absorbed by sea-salt particles (241 This oxidation process is very rapid,
with most of the non-sea-salt sulphate formed during the first ten minutes as the
emitted sea-salt particles still are alkaline.

The measured sulphate mass size distributions had typically four modes
(Figure 3). The time series of sulphate concentrations in each of these modes are
shown in Figure 5. On average, more than 70% of the non-sea-salt sulphate can
be found in the accumulation mode (0.1-1.0 um). The concentration of the accu-
mulation-mode sulphate is very stable over the sampling period, implying that its
sources are relatively uniformly distributed around the measurement site.

The existence of an Aitken mode in the size range 0.05-0.09 um is indicative
of new particle production in the Antarctic atmosphere. This is consistent with
the observations of Gras !'4) and Ito 14, according to which high Aitken-particle
number concentration are a semi-permanent feature of the Antarctic summer
atmosphere.

The accumulation mode had a mass median diameter between 0.25-0.30 pm
(Figure 6). The variation of the modal size between different runs reflects
changes in the ambient relative humidity (Table VII), as well as differences in the
amount of sulphate collected by these particles via cloud processing. For com-
parison, Kerminen et al. (18] 5bserved modal mass median diameters of 0.31 and
0.28 um for sulphate and MSA, respectively, in clean summer air masses arriv-
ing at the Finnish Arctic from the high Arctic ocean.
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SULPHATE: MODE CONCENTRATIONS
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FIGURE 5 Modal concentrations for total and non-sea-salt sulphate




18:28 17 January 2011

Downl oaded At:

MASS SIZE DISTRIBUTIONS 367

TABLE VII Relative humidity data for impactor runs

Run # Date Relative humidity, %
Average (Standard deviation) Range
1 Jan 30-31 36.0 (12.4) 21.9-60.7
2 Feb 1-2 38.2(16.1) 20.1-62.0
3 34 38.5 (10.0) 21.6-534
4 5-6 35.8 (12.9) 21.6 - 58.6
S 7-8 49.0(19.4) 20.0-77.5
6 9-10 41.6 (14.8) 20.0-66.2
7 11-12 51.5(20.7) 27.7-175.8
8 13-14 54.9 (17.1) 32.4-81.5
9 15-16 434(5.9) 34.8-52.8
10 17-18 371.7(3.5) 329-449
0.350
ACCUMULATION MODE OF SULPHATE:
MASS MEDIAN DIAMETER
0.300 |
E [
3
a
§ i
0.250
0.200 - : ' ‘ 4 : - : ‘
1 2 3 4 5 6 7 8 9 10
Run number

FIGURE 6 Aerodynamic mass median diameter of accumulation mode sulphate. The dates corre-
sponding to each run are given in Fig. 5 and in Table VII

The non-sea-salt sulphate found in the coarse-particle range followed closely
the concentrations of typical sea-salt ions Na* and CI~ (Figure 5). The enrich-
ment of sulphate with respect to sea water was greater for the lower supermicron
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mode, as expected due to longer atmospheric residence times of smaller coarse
particles. Potential mechanisms for the formation of excess supermicron sulphate
are i) the condensation of gaseous sulphuric acid into the sea-salt particles, ii) the
reaction of gaseous SO, on the surface of these particles, and iii) the oxidation of
dissolved SO, by ozone in the water absorbed by the particles. The first two
processes are expected to distribute sulphate close to the surface-area size distri-
bution of the sea-salt; ozone-oxidation will distribute it closer to the respective
mass size distribution 2],

The mass and surface-area median diameters of sodium, and the mass median
diameter of sulphate, for both the supermicron modes and for each run, are plot-
ted in Figure 7. The lower-mode sulphate seems to be distributed close to the sur-
face-area distribution of Na in run 6, suggesting domination of the processes (i)
and (ii) in accumulating sulphate to the sea-salt particles in this mode. The other
runs show either that process (iii) dominates or they are combinations of all proc-
esses. The mass median diameter of the upper-mode sulphate is of the same order
or even greater than that of sodium, supporting the domination of the process
(iii). The large median size of this upper sulphate mode may partially be
explained by the uptake of sulphate by large soil particles derived from the Ant-
arctic continent.

Mass3
g 1000 1— Viasa
=
3
® 800
5
k-]
2 om0
2
-4
(%]
L 400
€
[
§ 2,00
g 2
<
0.00 .
° 1 2 3 4 5 . 7 8 9 10

Run number

FIGURE 7 Non-sea-salt sulphate mass median diameters compared with the median diameters of
sodium mass and surface area distributions. In legend Mass stands for mass distribution and Surf for
surface area distribution, the following number 3 or 4 refers to lower and upper coarse particle
modes, respectively
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Nitrate

Nitrate originates from the transport of gaseous nitric acid to the particulate
phase, and from the reaction of NO,, NOj; or N,O5 with the particles [26), Reac-
tion of nitrogen species with sea-salt particles is an important sink for atmos-
pheric nitrogen and, together with the reaction between sulphur gases and
sea-salt particles, a dominant source of atmospheric HCI in remote locations 271,

In this study, a major fraction of the nitrate was found in the coarse-particle
size range, where it typically had a mass median diameter of around 3-4 um. As
shown by Figures 3 and 4, supermicron nitrate was shifted towards smaller sizes
than Na*and CI. This kind of distribution is expected in light of the formation of
nitrate on sea-salt particles. In fact, when the Na mass median diameter is con-
verted to the respective surface-area diameter, it is in some cases close to the
mass median diameter of nitrate (Figure 8). A portion of the supermicron nitrate
may originate from the reaction of nitric acid with soil-derived particles, as has
frequently been observed at various coastal and continental sites (28],

—o— Na Mass3
10.00 +— —o—Na Sustd
== Na Mass4
= Na Surfd4
8.00 +— «+ © - -NO3 Mass: Major mode

4
L
[

4.00
UPY Il
Lo T
% W :\0/,:
0.00 . .
0 1 2 3 4 -1 [ ] 7 ] ] 10

Run number

FIGURE 8 Nitrate mass median diameters compared with the median diameters of sodium mass and
surface area distributions. In legend Mass stands for mass distribution and Surf for surface area distri-
bution, the following number 3 and 4 refer to lower and upper coarse particle modes, respectively. Of
two coarse particle nitrate modes the major mode is used in the comparison

An interesting feature is the presence of nitrate in the accumulation mode. If
these particles were internally mixed, they should contain practically no nitrate
nor chloride because of their high sulphate to cation ratio. The problem can be
avoided by assuming the accumulation mode to be an external mixture of sea-salt
and ammonium-sulphate particles. This view is supported by the mass median
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diameters of individual ions in the accumulation mode (Table IV): SO42'. and
NH,* clearly form their own group; Na*, CI™, Mg?* and NO;~ their own. The
measured nitrate concentrations are sufficiently high to be responsible for most
of the chloride depletion from the sea-salt particles in the accumulation mode.
From Table VI we can estimate further that, on average, sea-salt accounts for
about 20% (in neq/m?) of the measured inorganic ions in the accumulation mode.

Ammonium

Ammonium was distributed over the whole particle size range, with on average
80% found in submicrometer particles. In Figure 9 ammonium mass size distri-
butions (in neq/m3) are compared with those of sulphate. The concentrations of
accumulation-mode ammonium show some variability between the different
runs, but behave in general quite similarly to sulphate. The variation of
Aitken-mode ammonium concentration is much greater.

e January 31 - February 18,1995
D 600 + ~
c
Dn. 400 NH =
D
O 200 | =
T
Pl oD SN
0.01 0.10 1.00 10.00
PARTICLE DIAMETER, pym

FIGURE 9 Sulphate and ammonium size distributions in neq/m3

Since particulate ammonium is formed via condensational gas-to-particle con-
version only, the Aitken mode should be more identifiable from ammonium than
from sulphate mass size distributions. Figures 3 and 4 show that this indeed
might be the case, although some precautions are due to a risk of contamination
of acid samples by ammonia during handling. The large variability of
Aitken-mode ammonia reflects the greater variability of Aitken-mode particle
counts in measured air masses compared with accumulation-mode particles. For
run 1 the Aitken mode concentrations of SO42', NH4+, NO;™ and CI” are 0.082,
0.168, 0.045 and 0.221 neq/m?, respectively. The relatively high concentrations
of Cl” in the Aitken mode suggests that part of the ammonium may be there as
ammonium chloride. Because only one complete set of major ions in Aitken
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mode was available, more studies are needed to confirm if this is a general fea-
ture in Antarctic boundary layer atmosphere.

CONCLUSIONS

Aerosol particles and their gaseous precursors were studied at a coastal Antarctic
site during the austral summer January-February, 1995. A dominant fraction of
the observed particles and gases were related to maritime emissions and the sub-
sequent reactions in the atmosphere. The anthropogenic contribution, although
not quantified, was probably rather small. The accumulation mode consisted
obviously of an external mixture of sea-salt related and ammonium-sul-
phate/hydrated sulphuric acid particles. The latter population was estimated to
have an average anion to cation equivalent ratio of 4.86, indicating that these par-
ticles were extremely acidic. Coarse sea-salt particles play a central role in the
Antarctic tropospheric chemistry. The deposition flux of sulphur and nitrogen
species is significantly enhanced due to the reaction of SO, and HNO; with
sea-salt particles. Both pathways release in addition HCI gas into the atmosphere.
HCI, which concentrations were not possible to draw from denuder data of this
study, is probably an important agent in inorganic and organic atmospheric
chemistry in Antarctica. Concentrations of SO, measured in this study were
close to those observed before during summer in Antarctic boundary layer
atmosphere. Also NHjconcentrations measured in the present study are in agree-
ment with previous studies and suggest that ammonia is an important neutraliz-
ing agent in Antarctic atmosphere.
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