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HIGHLIGHTS GRAPHICAL ABSTRACT

e Air DMS, MSA and SO3~ were measured
with high-time-resolution in the South-
ern Ocean.

o MSA and SO3~ concentrations were not
associated with air MSA levels.

e The conversion rates of DMS to MSA
were very low even in high air DMS
levels.

e The DMS level was much higher than its
conversion products in the Southern
Ocean.

ARTICLE INFO ABSTRACT
Keywords: Dimethyl sulfide (DMS), methanesulphonic acid (MSA) and sulfate (SO%’) were measured simultaneously at
Dimethyl sulfide (DMS) high-time resolution in the Southern Ocean (SO) during February and March 2018, to characterize the con-

Methane sulfonic acid (MSA™) version of DMS to MSA and SO~ in the marine atmosphere. DMS concentrations ranged up to ~10890.5 ng m™>

2
:S:r'gs(();; (with an average of 899.8 + 957.9 ng m™>, representing the standard deviation), which were much higher than
Antarctica the MSA concentrations (with an average of 30.6 & 16.8 ng m~>) and SO~ concentration (148.1 + 32.5 ng m™>)

in the aerosol phase. The spatial distribution of MSA was different from the distribution of DMS. The ratio of MSA
to DMS (Ry) ranged up to ~ 0.31, with an average of 0.044 + 0.045. Ry value decreased dramatically as DMS
concentration increased, when DMS concentration was below 1000 ng m™. The effects of temperature and
relative humidity (RH) on Ry were mostly negligible, indicating that neither DMS concentration, nor RH and
temperature was the key parameter for the conversion of DMS to MSA in the SO. Ratios of nss-SO5 to DMS (Rs)
were used to estimate the conversion of DMS to SO3™. The calculated Rs with mean R;, (the ratio of MSA to nss-
S0%) value correlated well with the observed Rg, which provided an useful method to estimate the biogenic S0F~
from the oxidation of DMS in the marine atmosphere, as biogenic SO%’ levels can be calculated with Rs and DMS
concentrations. The estimated biogenic SO~ levels ranged up to 163.8 ng m 2, with an average of 47.1 =+ 30.2
ng m> in the SO during the cruise. The results extend the knowledge of the conversion of DMS to MSA and SO3~
in the marine atmosphere.
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1. Introduction

Methanesulphonic acid (MSA) and non-sea-salt sulfate (nss—SO?{)
derived from the oxidation of dimethyl sulfide (DMS) have an important
effect on cloud condensation nuclei (CCN) in the marine boundary layer
(MBL). It has been suggested that these biogenic aerosols alter the ra-
diation budget of the earth and affect the climate (Charlson et al., 1987;
Lovelock et al., 1972). DMS is the most abundant form of biogenic sulfur
derived from the marine phytoplankton (Lovelock et al., 1972; Stefels
et al., 2007). Biogenic sulfur emission from the Southern Ocean (SO)
contributes approximately ~60% of the global annual DMS emission
(Lana et al., 2011). DMS was first detected in the Antarctic coastal wa-
ters during the austral fall in 1986 (Berresheim, 1987). After that the
spatial and temporal distributions of DMS in the atmosphere and sea
water were observed using shipboard and land-based measurements in
the SO and Antarctica for the past decades (O'Dowd et al., 1997; Ber-
resheim et al., 1998; Barnes et al., 2006; Read et al., 2008).
Sulfur-containing aerosols, such as MSA and nss-SOF, have also been
routinely measured in the SO and Antarctic coastal areas (Preunkert
et al., 2008; Kloster et al., 2006), to assess the potential routes of DMS
oxidation in the marine atmosphere (Sorooshian et al., 2007; Wang
et al., 2014) and to quantify the contribution of DMS to CCN (Korhonen
et al., 2008).

The impact of DMS-oxidation products on the climate has been
previously investigated (Korhonen et al., 2008; Park et al., 2017).
Observational and modeling studies have try to find out the linkage
between DMS and CCN in the MBL in the last decades (Leck and Bigg,
2007; Quinn and Bates, 2011; Abbatt et al., 2019). The oxidation routes
of DMS and formation mechanisms of MSA and nss-SOZ in the marine
atmosphere have been investigated both experimentally and theoreti-
cally (Barnes et al., 2006; Read et al., 2008). Previous studies have
shown that SO?{ is more effective at new particle formation (NPF) than
MSA, while MSA is more likely to condense onto existing particles
(Hayashida et al., 2017). However, MSA may also increase the
sulfate-cluster formation rate by up to one order of magnitude,
increasing cluster stability (Bork et al., 2014). DMS is oxidized via two
main reaction pathways: addition and abstraction reactions (Barnes
et al., 2006; Davis et al., 1998). Addition reaction favors to occur at low
temperature, comparing with abstraction reaction (Von Glasow and
Crutzen, 2004). Numerical model calculations of the oxidation of DMS
in the MBL have shown that BrO can strongly increase the importance of
the addition branch in the oxidation of DMS even in low BrO mixing
ratios. Generally, MSA is assumed to be formed in the abstraction
pathway, however, MSA may also be formed in the addition pathway
(Von Glasow and Crutzen, 2004). That means the MSA production rate
may increase in low temperature. Hence, high ratio of MSA to nss-SO3 is
present in cold seasons (Bates et al., 1992). But the production of MSA is
greatly enhanced by the impact of halogens in summer time (Ayers et al.,
1999), resulting in the high ratio of MSA to nss-SO3" in high temperature.
Previous studies have simulated the potential reaction pathway of the
oxidation of DMS. However, it is shown that there is still significant
uncertainty about the conversion of DMS to MSA and SOZ~ due to the
complicated atmospheric processes and multiple impact factors in field
observation.

In field campaigns, filter sampling methods are commonly used to
determine MSA and SO~ concentrations, resulting in low spatial and
temporal resolutions (Jung et al., 2014; Preunkert et al., 2007; Read
et al., 2008; Zhang et al., 2015). Hence, it is difficult to characterize the
conversion of DMS to MSA and SO3~ using filter sampling methods, as
the oxidation of DMS occurs rapidly (Read et al., 2008; Kloster et al.,
2006). The dataset of DMS, MSA and SO%’ in the SO has been signifi-
cantly expanded in recent years (Bates et al., 1992; Preunkert et al.,
2007; Davis et al., 1998; Read et al., 2008). High resolution measure-
ments of MSA by AMS have been reported in previous studies (Phinney
et al., 2006; Zorn et al., 2008; Langley et al., 2010). However, the
high-time resolution data for biogenic sulfur compounds are still rare
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and the conversion of DMS to MSA and SO3~ is still short of knowledge.

Here, DMS, and sulfur compounds were measured simultaneously for
the first time at high-time resolution (10 min for DMS and 1 h for MSA
and SO ") in the SO during February to March 2018. This study aimed to
characterize the conversion of DMS to MSA and SO%~ in the marine
atmosphere. Furthermore, impact factors on the conversion of DMS to
MSA and SO3~ were also analyzed to better understand the products of
MSA and SO3~ from the oxidation of DMS in the SO.

2. Experimental methods and observation regions

The observation was carried out by R/V “Xuelong” during the 34th
Chinese Antarctica Expedition Research Cruise, which covered with a
large scale of the SO (40°S to 76°S, 170°E to 110°W). The cruise was
conducted from 23 February to 31 March 2018.

Meteorological parameters such as temperature, humidity, wind
speeds and wind directions were measured continuously using an
automated meteorological station deployed in the R/V “Xuelong".

2.1. Observation instruments and sampling inlet

An in-situ gas and aerosol composition monitoring system (IGAC,
Model S-611, Machine Shop, Fortelice International Co., Ltd., Taiwan;
http://www.machine-shop.com.tw/), and a DMS measurement system
with TOF-MS (SPIMS-3000, Guangzhou Hexin Co., Ltd., China) as a
detector were employed on the R/V “Xuelong” to measure the gases and
aerosols water-soluble ions and DMS, respectively. The sampling inlet
connecting to the monitoring instruments was fixed to a mast at 20 m
above the sea surface, locating at the bow of the vessel. A total sus-
pended particulate (TSP) sample inlet was positioned at the top of the
mast. Conductive silicone tubing with an inner diameter of 1.0 cm was
used to make the connection to all aerosol observation instruments and
Teflon tubing with an inner diameter of 0.6 cm was used for DMS
measurement.

2.2. Aerosol water soluble ions measurement

For IGAC measurement, gases and aerosols were separated and
streamed into a liquid effluent for on-line chemical analysis at an hourly
temporal resolution (Young et al., 2016; Liu et al., 2017). The analytical
design and methodology for the determination of gases and aerosols
water-soluble ions have been described in detail in previous studies (Tao
et al., 2018; Yan et al., 2019). Fine particles were firstly enlarged by
vapor condensation and subsequently collected on the impaction plate.
The samples were then analyzed for anions and cations by an on-line ion
chromatography (IC) system (DionexICS-3000). Six to eight concentra-
tions of standard solutions were selected for calibration, depending on
the target concentration, in which the R? was above 0.997 (Fig. 1). The
detection limits for MSA™, SO, Na™, and Cl~ were 0.09, 0.12, 0.03, and
0.03 pg L™! (aqueous solution), respectively.

2.3. DMS measurement

The analytical design and methodologies for the measurement of sea
water and air DMS have been described in detail by Zhang et al. (2019).
A TOF-MS (SPI-3000MS, Guangzhou Hexin Company, China) was used
as a detector. Polydimethylsiloxane (PDMS, thickness 0.002 int., Tech-
nical Products Inc., USA) membrane was used in the TOF-MS injector.
The DMS measurements made by the TOF-MS had excellent repeat-
ability (4.94% for seawater measurements and 4.92% for air measure-
ments, Zhang et al., 2019). The calibration curves for the air standard
were highly linear (R% = 0.997). The DMS detection limits, calculated as
the value of the blank signal plus three times the standard deviation of
the blank signal, were 0.07 nM DMS in seawater and 89 ng m ™~ DMS in
air. These values indicated that this instrument was suitable for the
detection of DMS in seawater and air. In this study, we did not discuss
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the sea water DMS. DMS represented air DMS in the following sections.
3. Results and discussion

3.1. Spatial distribution of DMS, MSA™ and SO3~ in the SO

The DMS (Zhang et al., 2019), aerosol water-soluble ion species
(MSA™, SO%’ and Na™) were measured in the SO during the cruise. The
DMS concentrations ranged up to ~10890.5 ng m ™2, with an average of
899.8 + 957.9 ng m > (n = 7876, Fig. 2a), which was larger than DMS
levels reported in the Antarctica coastal areas, such as Palmer Station
(mean DMS 94 ppt, 261 ng m~3) (Berresheim et al., 1998) and Halley
Station (maximum DMS value of 0.418 ppb, 1162.6 ng m~3) (Read et al.,
2008). In this study, the uncertainties represent the statistical range of
the observations (standard deviation). The highest DMS levels were
present in the L1 region, averaging 3954.9 + 1495.7 ng m 3 (n=1932),
followed by 3090.9 + 1230.8 ng m~> (n = 234) in the L2 region. In this
study, the maximum DMS concentration was 10890.5 ng m~2 (3.91
ppb), similar to DMS level reported in the Dumont d’Urville Station
(maximum DMS of 5.5 ppb) (Preunkert et al., 2007). Variation in DMS
levels was associated with wind speed (Fig. 3), indicating that the air-sea
DMS fluxes increased with the wind speed in the ocean (Nightingale
et al., 2000). The results indicated that high-time resolution DMS data
improved the understanding of DMS emissions from the sea surface.

The measured MSA level ranged up to ~97.3 ng m~>, with an
average of 30.6 + 16.8 ng m ™~ (n = 712) during the cruise (Fig. 2b). The
MSA levels observed in this study were consistent with those reported at
Mawson station (67°36” S, 62°53’ E) with an average of 20 ng m3
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(Prospero et al., 1991), Halley station (75°39’ S; with an average of 35.3
ng m_3), and Dumont d’Urville station (66°40’S), with an average of
49.0 ng m 3 (Minikin et al., 1998). MSA is formed exclusively from the
oxidation of DMS (Legrand and Pasteur, 1998), however, the spatial
distribution of MSA was different from DMS, as seen in Fig. 2a and b.
Extremely high DMS concentrations were observed in the L1 region
(130° - 160° W, 69° - 78° S), but MSA levels in this region were not high.
In contrast, high MSA concentrations were present during 15-30 March,
but the DMS levels were not expected to be high during this period. The
DMS concentrations were much higher than MSA concentrations during
the cruise, which were consistent with previous observations that MSA
and nss-SO3 levels decreased rapidly at the end of austral summer
(Prospero et al., 1991; Read et al., 2008). These results implied that the
conversion of DMS to MSA and SOF~ were lower efficiency during this
time.

SO%’ and Na™ concentrations are also illustrated in Fig. 2. SO‘Z(
concentrations ranged from 34.1 ng m~> to 273.8 ng m~°, with an
average of 148.1 + 32.5 ng m ™2 (n = 786, Fig. 2c¢), while Na* concen-
trations ranged from 15.6 ng m™~> to 4524.6 ng m >, with an average of
822.4 4+ 826.5 (n = 786, Fig. 2d). The SO%’ levels measured here were
similar to those measured at Halley Station (mean: 115.0 ng m~3) but
lower than those measured at Neumayer Station (mean: 312.0 ng m)
and Dumont d’Urville Station (mean: 372.0 ng m*3). Unlike MSA™,
SO7~ is derived from multiple sources, such as sea salt aerosols,
anthropogenic emissions, and marine biogenic or volcanic sources
(Legrand and Pasteur, 1998; Hayashida et al., 2017). However, in high
latitude regions of the SO, SOF~ was mainly associated with sea salt and
biogenic sources (Berresheim et al., 1998). In this study, the temporal
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| 10.0-
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Fig. 1. Calibration curves of MSA, chloride, sulfate and sodium for IGAC monitoring system. (a) Six out of eight concentrations of standard solutions (0.1-1000 g
L) were selected for MSA calibration (R? = 0.998), (b) Six out of eight concentrations of standard solutions (0.1-2000 pg L) were selected for Chloride calibration
(R% = 0.997), (c) Six out of eight concentrations of standard solutions (0.1-4000 pg L~!) were selected for Sulfate calibration (R*> = 0.997), (d) Six out of eight
concentrations of standard solutions (0.1-2000 pg L) were selected for Sodium calibration (R> = 0.998).
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distribution of SO?{ differed noticeably from that of MSA™ (Fig. 3), but
high SO3~ concentration occurred at high Na* concentration regions in
this study (Fig. 2c and d). Generally, Na" is considered to be a marker of
sea salt particles in the marine atmosphere (Yan et al., 2018; Legrand
and Pasteur, 1998), indicating that SO3~ in this study was highly
impacted by sea salt aerosols, especially where high level of sea spray
aerosols occurred. Similar distributions in Na™ levels and wind speeds
were also present (Fig. 3), implying that Na™ was derived from the sea
spray aerosols.

3.2. Conversion of DMS to MSA and SO

MSA and SO3~ are the main products from the oxidation of DMS
(Barnes et al., 2006; Read et al., 2008), However, the distributions of
MSA and SO3~ differed from those of DMS, Fig. 3. Temporal variations
in the ratios of DMS to MSA and SO3~ is given in Fig. 4a. Ry and Rg is
defined as the molar ratios of MSA to DMS and the molar ratios of
nss-SO3 to DMS, respectively. Nss-SO3 concentrations were calculated
as follow:

[nss — S0 ] = [SO7] K[Na*]

total
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Where, K equals 0.252, the weight ratio of sulfate and sodium in
seawater (Millero and Sohn, 1992).

High Ry and Rg values occurred in H1, H2 and H3 regions (with
mean Ry value exceeds 0.03 and mean Rg value exceeds 0.08, seen in
Fig. 4) during the cruise. Generally, less DMS may decrease the subse-
quent production of MSA and nss-SO7F, leading to lower Ry and Rg. Rg
level was similar to Ry in H1 (mean: 0.08 + 0.05 and 0.03 + 0.03,
respectively) and H3 region (mean: 0.14 + 0.09 and 0.09 + 0.05,
respectively). However, Rg (0.24 £ 0.23; n = 89) was much higher than
Ry (0.03 £ 0.03; n = 96) in the H2 region, seen in Table 1. A greater
value of Rg than Ry indicated an oxidation favored formation of SOF~
compared with MSA (Chen et al., 2018). High DMS concentrations were
observed in L1 and L2, while the Rg and Ry values were extremely low in
L1 and L2 (with mean Ry value below 0.008 and mean Rg value below
0.01). MSA and nss-SO?{ levels were much smaller than DMS concen-
trations (Table 1). The observation results suggest that the conversion of
DMS to MSA and SO~ were not determined by the DMS concentration,
as DMS was sufficient in the marine atmosphere.

Different from the MSA, negative nss—SOﬁ' value was present in
several regions in this study (Fig. 4b). The reason for negative values has
been discussed in previous studies (Hall and Wolff, 1998; Wagenbach
et al., 1998), particularly regarding the fractionation of sulfate in
aerosols by forming NaySO4-10 HyO at low temperature. Negative Rg
value was present (Fig. 4a), when nss-SO3 value was negative. In this
case, Rg could not well represent the practical conversion of DMS to
SO?( in the atmosphere. But Ry value can be used to assess the con-
version of DMS to MSA in the marine atmosphere, as MSA was exclu-
sively from the oxidation of DMS. Therefore, Ry was used in this study to

Table 1
Mean value of DMS, MSA, nss-SO3, Rg and Ry, in different regions.
Regions L1 L2 H1 H2 H3
Rs 0.007 + 0.009 + 0.08 + 0.24 + 0.14 +
0.007 0.03 0.05 0.23 0.09
Rm 0.005 + 0.008 + 0.03 £ 0.03 £ 0.09 +
0.005 0.007 0.03 0.03 0.05
DMS(ng 3235.9 + 1914.1 + 343.1 + 396.7 + 430.6 +
m~3) 1767.1 794.6 109.3 3219 268.8
MSA(ng 24.8+135 235485 158+ 18.2 + 59.4 +
m3) 5.2 14.8 20.6
Nss-SO3 (ng 35.1+19.2 26.7 £ 45.9 + 147.4 + 93.3 +
m~%) 36.9 8.5 114.6 37.5

clarify the factors that affected DMS conversion in the atmosphere.

3.3. Effects of DMS on the ratio of MSA to DMS

Potential oxidation reactions of DMS to form MSA with different
radicals, such as OH, NO3, BrO, and ClO, have been confirmed in the
previous studies (Barnes et al., 2006). If DMS level is very high that there
might not be enough oxidants, leading to low ratios of MSA to DMS. The
value of Ry ranged up to ~0.31, with an average of 0.044 + 0.045 (n =
712) (Fig. 5a). Ry decreased dramatically as DMS concentration
increased, when the DMS levels were less than 500 ng m~3. However,
the Ry value revealed little change as the increasing DMS, when DMS
concentrations exceeded 1000 ng m~>. DMS concentrations had two
distinct effects on Ry First, high levels of DMS may result in the for-
mation of more MSA, possibly increasing Ry;. The other one, if MSA
production was not determined by DMS, then increased DMS levels
would result in a decrease in Ry;. Here, we found that MSA concentra-
tions were almost independent of DMS concentrations for DMS greater
than about 2000 ng m3 (Fig. 4b). For DMS below about 1000 ng m3,
Ry increased sharply with decreasing DMS levels. When DMS concen-
trations were much greater than MSA levels, variation of MSA concen-
trations had little effect on Ry;. The relationship between Ry; and DMS
concentrations can be described by the following equation
y = (39.72 49.55)xx115%004 in this study (Fig. 5a).

Favoring the formation of MSA at low temperature has been reported
in previous studies (Sievering et al., 2004; Bates et al., 1992). Hence,
temperature also has an important effect on Ry;. A negative relationship
between Ry and temperature is not present in the complete dataset, but
it is more evident when the data are classified by the distinct regions
(Fig. 5b). A negative correlation between Ry and temperature was
present in H1, H2 and H3 regions, corroborating the impact of tem-
perature on MSA formation. However, the decrease in Ry as tempera-
ture increasing was tiny, with a maximum slope of 0.0087. This suggests
that temperature had a minimal effect on the conversion of DMS to MSA
in these regions of SO. Previous studies have shown that high RH values
were beneficial to the formation of MSA, as DMS oxidation often occurs
with aqueous reactions in the atmosphere (Hoffmann et al., 2016; Read
et al., 2008). However, we did not observe an obvious correlation be-
tween Ry and RH, even when treating our data as distinct regions
(Fig. 5¢). It indicated that RH was also not the key parameter affecting
the conversion of DMS to MSA in this study.
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Radical concentrations were not determined in this study. However,
previous measurements have found average concentrations of OH and
BrO radicals are 0.015 + 0.009 ppt and 2.7 + 2.2 ppt, respectively, in the
Antarctica boundary layer in February (Read et al., 2008). The oxidant
concentrations during this period were similar to MSA levels, consistent
with the supposition that the conversion of DMS to MSA and SO3~ was
determined by oxidant levels during late summer in the SO. However,
further studies of the impact of radical levels on DMS conversion are
required to clarify the parameters affecting the conversion of DMS to
MSA and SO3 ™.

3.4. Estimation of the conversion of DMS to SO3~ in the marine
atmosphere

SO3~ is the other product from the oxidation of DMS in the atmo-
sphere. Nss-SO7 is often used to eliminate the effect of sea salt sulfate in
the marine atmosphere. But nss-SO5 may also consist of anthropogenic
and biogenic sulfate in the marine atmosphere (Legrand and Pasteur,
1998). It is very difficult to distinguish biogenic sulfate from anthro-
pogenic sulfate. Sulfur isotope apportionment is useful to identify
anthropogenic and biogenic sulfate (Ghahremaninezhad et al., 2016; Li
et al., 2018), but the sulfur isotope apportionment was limited for the
onboard observation. Generally, the ratio of MSA to nss-SO?{ (Rp) pro-
vides important insight into the oxidation routes of DMS (De Baar et al.,
1995; Tortell et al.,, 2011) and the contribution of different products
from the oxidation of DMS. Nss-SO% is mainly derived from marine
biogenic sources in high-latitude oceanic regions. The ratio of MSA to
nss-SO3" can be used to assess marine biogenic production at high lati-
tudes (Saltzman et al., 2006). The ratios of MSA to nss—SO?{ in the
Antarctic coastal and SO have been reported in the previous studies,
seen in Table 2. The mean ratios of MSA to nss-SO3 concentrated on
0.18 to 0.78 in the Antarctic coastal regions and Southern Ocean during
the summer season (Table 2), which is consistent with the observation
value in this study. The ratios of MSA to nss-SO3 ranged from 0.2 to 0.8,
with an average of 0.64 + 0.59 in this study (Fig. 6a).

As mentioned above, negative nss-SO3 values were observed in some
regions during the cruise (Fig. 4b). In this case, the observed nss-SO3 to
DMS ratios (Rg)were also negative (Fig. 6b). It was difficult to assess the
Rs when nss-SO3 was negative. But Rg can be calculated by the following
equation Rg = Ry/Rp. The calculated Rg lines with different Rp (Rp min =
0.18, Rp Mean = 0.64, Rp pMax = 0.78) value are illustrated in Fig. 6b. The
calculated Rg value using Rp i, value was much greater than Rg values
calculated using Ry, Mean, While the calculated Rg with Rp yax was smaller
than Rg values calculated using R}, mean- Rs value calculated based on Ry,
Mean ranged up to ~0.51, with an average of 0.073, consisting with the
observed Rg during the cruise, except in the H2 region (Fig. 6b). The
observed Rg value was significantly greater than the calculated Rg value
in the H2 region. Extremely high concentrations of nss-SOF were
observed in this region, however, we did not observe high levels of MSA
in this region. It indicated that other sources, in addition to biogenic
sources, contributed significantly to nss-SO7 in this region. Thus, the Rg
value did not reflect the practical conversion of DMS to SOF . The
variation of calculated Rg with mean Rp pean Was consistent well with
observed Rg during the observation periods (Fig. 6b). This suggested that
calculated Rg based on Rp pean could be used to characterize theSO‘zf
from the oxidation of DMS in the Southern Ocean, especially when nss-
SO7 value was negative or influenced by other sources in the marine
atmosphere.

It is difficult to assess the biogenic SOF~, when nss-SO7 is affected by
anthropogenic sources or negative nss-SOZ value occurred. However,
concentrations of biogenic nss-SO3 could be achieved using the calcu-
lated Rs. The calculated nss-SOZ levels with Rp win were much greater
than the observed nss—SOﬁ' concentrations. While the calculated nss—SO?{
levels based on calculated mean Rg were generally highly consistent
with the concentrations of observed nss-SO3" during the cruise, except in
the H2 region. The observed nss-SO3 concentrations were much higher
than the calculated nss-SO?{ concentrations in the H2 region (Fig. 6¢).
Hence, the calculated nss-SO% using the calculated mean Rg enables us
to estimate the biogenic SOF~ over the SO atmosphere, as biogenic SO3~
levels can be calculated with Rs and DMS concentrations. The estimated
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Table 2
Mean value of MSA to nss-SO3 ratio observed in the Antarctic.
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biogenic SOF~ levels ranged up to 163.8 ng m >, with an average of 47.1
+ 30.2 ng m~2 in the SO during the cruise.

4. Conclusions

The conversion of the DMS to MSA and SOZ~ is important for
biogenic sulfur cycles and climate change. DMS, gaseous and aerosol
sulfur compounds were determined simultaneously for the first time
with high-time resolution (10 min for DMS and 1 h for MSA and SO%’) in
the SO to access the conversion of DMS to MSA and SO5~ and their
impact factors. High DMS concentrations were observed with an average
of 899.8 + 957.9 ng m~3 (n = 7876), which were much greater than the
MSA and SO‘Z;’ concentrations. The ratio of MSA to DMS (Ry) ranged up
to ~0.31 (mean: 0.044 + 0.045), indicating that DMS was sufficient for
the conversion of DMS to MSA. Ratios of nss-SO%’ to DMS (Rg) were
calculated to analyze the conversion of DMS to SO%’. The calculated Rg
with mean R;, (the ratio of MSA to nss-SO?{) value correlated well with
the observed Rg, which is useful to understand the conversion of DMS to
SOZ". The calculated nss-SOZ levels (ranged up to 163.8 ng m 3, withan
average of 47.1 + 30.2 ng m~>) based on calculated mean Rg were
generally consistent with the concentrations of observed nss-SO3" (with
an average of 69.4 & 35.4 ng m~>) during the cruise.

Ry value decreased dramatically as DMS concentrations increased,
when DMS levels were below 500 ng m~>. However, the Ry value
revealed little change as the increasing DMS, when DMS concentrations
exceeded 1000 ng m~>. No obvious correlation between Ry and RH was
observed, even when the data was grouped by region. Thus, neither DMS
concentration, nor RH, nor temperature were key in controlling the
conversion of DMS to MSA in the SO. It was hypothesized that the
conversion of DMS to MSA and SOF~ was governed by the radical levels
in the SO during the late summer. However, as radical concentrations
were not determined in this study, the impact of radicals on the con-
version of DMS to the MSA and SO?( remains uncertain. Further studies
of the conversion of DMS to MSA and SOZ~ in the marine atmosphere
and factors affecting this conversion are required to better understand
the behavior of DMS and the formation of MSA and SO3~ in the SO.
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