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Abstract One of the key steps towards predicting
dimethylsulfide (DMS) emission to the atmosphere is
to understand the distribution and cycling of biogenic
sulfur in the microlayer. In this study, we examined
the distribution of DMS and dissolved and particulate
fractions of dimethylsulfoniopropionate (DMSPd and
DMSPp) in the surface microlayer and bulk water of
the western North Atlantic during July 2003. DMS
concentrations in the bulk water varied from 0.71 to
7.65 nM. In contrast, DMS concentrations in the
surface microlayer were fairly low (0.17-1.33 nM).
Average concentrations of DMSPd and DMSPp in the
bulk water were 2.09 (1.87-6.25) and 44.1 (8.06—
119.8) nM, respectively, and those in the surface
microlayer were 15.4 (4.06-54.3) and 29.9 (7.32—
97.0) nM. In general, DMS was depleted in the
microlayer (mean concentration: 0.60 nM) relative to
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the bulk water (mean concentration: 2.38 nM) with
enrichment factors (the ratio of the microlayer con-
centration to bulk water concentration) ranging from
0.13 to 0.54. There was no consistent enrichment of
DMSPp and chlorophyll a in the microlayer. On the
contrary, DMSPd appeared to be highly enriched in
the microlayer with an average EF of 4.89. The
concentration of phaeopigments was also generally
greater in the microlayer than in the bulk water,
presumably due to enhanced photo-oxidation of
chlorophyll a under high surface light intensities in
the microlayer. In the study area, the concentration of
DMSPp was significantly correlated with the abun-
dance of dinoflagellates in the microlayer. Moreover,
a significant correlation between the distributions of
DMS, DMSPp, chlorophyll a and phaeopigment
concentrations in the microlayer and the bulk water
demonstrated that the biogenic materials in the
microlayer come primarily from the bulk water below.
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Introduction
Dimethylsulfide (DMS) is one of the major biogenic

sources of sulfur to the atmosphere. The atmospheric
oxidation products of DMS not only contribute to acid
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precipitation, but may also influence climate due to the
formation of cloud condensation nuclei (Charlson et al.
1987). The flux of DMS to the atmosphere depends
strongly on the concentration of DMS in the surface
layer of the ocean, which in turn is regulated by
imbalances in the rates of biological, physical and
chemical sources and removal processes for DMS in
the water column. In the upper layers of the ocean,
DMS is produced primarily from the enzymatic
cleavage of the algal osmolyte dimethylsulfoniopro-
pionate (DMSP). DMSP is found in high concentrations
within Dinophyceae (dinoflagellates) and Prymnesio-
phyceae (including the coccolithophorids), while other
taxa, such as diatoms, generally have low cellular
DMSP concentrations (Keller et al. 1989). Once in
seawater, DMS can be removed via various processes
including microbial consumption, photochemical deg-
radation, air-sea exchange, and vertical mixing (Kiene
and Bates 1990; Kieber et al. 1996; Sim6 and Pedrds-
Alié 1999). The relative proportions of these sink
processes depend on several parameters, including
mixing layer depth, UV intensity, wind speed, and the
abundance and speciation of marine microbes.
Although DMSP and DMS are biogenic in origin,
DMS or DMSP concentrations are not usually related to
phytoplankton chlorophyll (e. g., Holligan et al. 1987,
Turner et al. 1988; Leck et al. 1990; Simo et al. 1997,
Dacey etal. 1998; Kettle et al. 1999), and there have also
been observations indicating their correlation under
certain environmental conditions (Andreae 1990, An-
dreae et al. 1994; Matrai et al. 1996; Sciare et al. 2002;
Yang 2000). This might be not only due to the
taxonomic dependence of DMSP production in algae,
but also to the indirect transformation of DMSP to DMS
by bacteria (Kiene and Linn 2000; Kiene et al. 2000).
The sea surface microlayer has often been oper-
ationally defined as roughly top several tens to
several hundreds micrometers of a water body,
depending on the collection method used. In addition,
the thickness of the microlayer will vary depending
on the nature of variables such as surfactants, sea
state, wind speed, and so on (Liss and Duce 1997).
Biological and chemical processes in the microlayer
will affect the exchange of materials between the
atmosphere and oceans. A wide variety of inorganic
and organic substances have been reported to be
enriched in the surface microlayer compared to bulk
waters (Williams et al. 1986 and references therein).
Moreover, many studies indicate an enrichment of
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microbial populations in the microlayer with, for
example, higher abundances of bacteria (Hardy 1982;
Hardy and Apts 1984) and phytoneuston (microalgae)
densities 10-1,000 times greater than those only a
few centimeters below (Hardy and Valett 1981).
Although there has been a great advance in under-
standing the marine microlayer and its effect on near-
surface ocean processes (Hardy 1982; Hardy and
Apts 1984; Williams et al. 1986; Liss and Duce
1997), there remain many unknowns in estimating the
effect of the microlayer on air-sea gas fluxes.

Over the last 20 years, most research has focused
on the biogeochemical processes of DMS and DMSP
in the upper layers of oceans, with only limited
studies on DMS in the surface microlayer (Nguyen
et al. 1978; Turner and Liss 1985; Yang 1999; Yang
et al. 2001, 2006; Yang and Tsunogai 2005; Zemme-
link et al. 2005). A prime reason to study the surface
microlayer is to improve our understanding of the
exchange of DMS across the sea-air interface because
significant DMS enrichment or depletion in the
microlayer would imply significant differences in
actual emission fluxes with respect to those generally
estimated from bulk concentrations.

This work describes DMS and DMSP data
obtained during a comprehensive investigation by
the research vessel CCGS “Martha L. Black” in the
western North Atlantic during 624 July 2003 as part
of the Canadian SOLAS (Surface Ocean Lower
Atmosphere Study) programme. The main objective
of this paper is to investigate the distributions of
DMS and DMSP between the surface microlayer and
bulk water in the western North Atlantic and evaluate
the extent of enrichment of DMS, DMSPd (dissolved)
and DMSPp (particulate) in the microlayer. The
spatial distributions of DMS and DMSP are discussed
in relation to phytoplankton biomass and taxa. Some
comparisons are made between this study and an
earlier investigation by Yang et al. (2005a) from the
same study area to observe the seasonal variations of
DMS and DMSP from spring to summer.

Methods
Sample collection

The sea surface microlayer samples and correspond-
ing bulk water samples were collected at 8 stations
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situated in the western North Atlantic (Fig. 1) during
July 2003. The cruise track was designed to pass
through several of the biogeochemical provinces
including NW Atlantic slope water (L1, T3), Gulf
Stream (T1), North Atlantic Subtropical Gyre com-
monly known as the Sargasso Sea (T2), North
Atlantic Drift (T4, T5), Atlantic subarctic (T6), and
Greenland Current (T7). The environmental and
hydrographic information for the DMS sampling
stations such as location, surface seawater tempera-
ture and salinity are described in Table 1.

Various sampling techniques have been applied to
sample the sea-surface microlayer (Hardy 1982). One
of the popular approaches is to withdraw a film of
water from the sea surface by adherence to a screen
or plate. The problems related to this technique have
been discussed in detail in Yang et al. (2001) and the
result shows that the screen sampler has significant
advantages over the plate. In this study, therefore, we
still used the screen sampler to collect the surface

Fig. 1 Location of 80"
sampling stations in the BE°
western North Atlantic
during summer 2003
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microlayer samples. The sampler was made of a 16-
mesh stainless steel screen held in a 40 cm x 40 cm
stainless steel frame. In use, the screen was held
horizontally and immersed into the sea surface, after
that it was withdrawn and the seawater and surface
film material entrapped by the mesh spaces were
drained into a sample bottle. Because the volume
(32 ml) of water collected by single dip of the
sampler was small, successive dips (20 times) were
conducted until a desired volume (600-700 ml) was
obtained. This technique sampled a surface layer
thickness of 200 = 10 um. Sample of bulk water was
collected from approximately 1 m water depth with
Niskin bottle attached to a CTD hydrocast system.

DMS and DMSP analyzes
For the determination of DMS, samples were analyzed

immediately after collection. The samples were first
gravity-filtered through 2.5 cm diameter glass fiber
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Table 1 Enrichment factors (EFs) of DMS, DMSP, chlorophyll a and phaeopigments in the surface microlayer

Station Location

Sampling 7°C* Salinity* EFpyms EFpmspa EFpmspp EFcnia

EFphacopie DMS:DMSPd:DMSPp

no. date ratio
Bulk water Microlayer
L1 43°25.8' N, 8 July 19.25 34.089 020 16.24 0.93 ND ND 1.0:1.2:10  1.0:97:47
57°41.2' W
Tl 39°00’ N, 10 July 26.14 36.214 0.13 2.18 0.91 1.08 2.00 1.0:1.4:6.2  1.0:24:43
57°29.2' W
T2 36°49.5' N, 11 July 2570 36.223  0.13 5.17 0.65 2.38 ND 1.0:1.7:9.9  1.0:64:48
54°23.7 W
T3 42°19.9' N, 14 July 23.15 35.844 0.39 7.13 1.11 1.15 1.60 1.0:3.2:17  1.0:57:48
45°0.14 W
T4 46°29.8' N, 16 July 11.54 33.775 0.52 2.08 0.93 0.88 1.08 1.0:2.4:49  1.0:9.4:87
45°0.3' W
TS 50°39.9' N, 18 July 10.40 34.248  0.31 1.75 0.25 0.82 0.85 1.0:2.0:33  1.0:11:26
44°59.3' W
T6 54°50.2' N, 20 July 9.13 32404 0.17 1.87 1.53 0.80 3.00 1.0:0.31:1.2 1.0:3.3:11
45°00' W
T7 59°14.7" N, 22 July 4.08 33.667 0.44 2.76 0.49 0.98 1.52 1.0:4.6:89  1.0:29:97
45°0.4' W
Average 0.29 4.89 0.85 1.15 1.68 1.0:1.4:19  1.0:26:50

*Surface (0—1 m) seawater temperature and salinity collected from the CTD apparatus

filters (GF/F, Whatman). The concentrations of DMS
were determined using a cryogenic purge-and-trap
system with gas chromatographic separation and
pulsed flame photometric detection, basically accord-
ing to the method described in Scarratt et al. (2002).
The samples (typically 5 ml) were degassed for 3 min
using high purity helium at 40 ml min~'. The gas
stream passed through a Pyrex tube containing
calcium chloride to remove water vapor and then
was cryotrapped in a Teflon loop submerged in liquid
nitrogen. The trapped gases were desorbed with hot
water (ca 70°C) and analyzed on a Varian STAR 3400
CX gas chromatograph (GC). A SPB-1 sulfur capillary
column (30 m, 4.0 pm thickness, 0.32 mm i.d., Supe-
Ico, Inc.) was used for chromatographic separation of
the sulfur gases. Calibration of DMS was achieved
using a permeation tube apparatus (Kin-Tek).
DMSPd was measured indirectly as DMS, after
hydrolysis of DMSP to DMS with cold alkali (0.5 M
final concentration KOH). Samples were allowed to
react for at least 24 h before analysis. DMS generated
from the breakdown of DMSP was analyzed on a
Varian CP-3800 GC equipped with a flame photomet-
ric detector. The measured quantity of DMS in filtered
samples following KOH addition represented the total
amount of DMSPd and free DMS. DMSPd was
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obtained by subtracting DMS from DMSPd + DMS.
DMSPp was determined by alkaline hydrolysis and
subsequent measurement of the evolved DMS. DMSP
standards were prepared from a volumetric solution of
DMSP-hydrochloride (Research Plus) and dispensed
into KOH-containing serum vials as for the samples
above. The analytical method has a precision of ca.
10% and a minimum quantification limit for both
DMS and DMSPd of ca. 0.08 nM.

Chlorophyll determination, phytoplankton
and bacteria abundances

Subsamples for determination of seawater chloro-
phyll a were filtered onto Whatman GF/F glass fiber
filters. Concentrations of chlorophyll a were analyzed
fluorometrically after 24-h extraction in 90% acetone
at 5°C (Parsons et al. 1984). Phytoplankton identifi-
cation and enumeration were conducted on samples
preserved with acidic Lugol’s solution using a
settling column and inverted microscope (Lund
et al. 1958). For the determination of bacterial
abundance, the samples were fixed with formalde-
hyde to a final concentration of 3% v/v. Cells were
stained with DAPI (1 pg ml~! final concentration)
and counted by epifluorescence microscopy after
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filtration using 0.2 um black polycarbonate Nucleo-
pore membrane (Porter and Feig 1980).

Results and discussion

Table 1 presents the sampling date, surface seawater
temperature and salinity, and the enrichment factors
(EFs) of DMS, DMSP, chlorophyll a, phaecopigments
and bacteria in the surface microlayer. In this study
EF values were calculated as the ratio of surface
microlayer concentration (Cy) to the bulk water
concentration (Cs). EF values greater than or less
than one represent enrichment or depletion, respec-
tively. Throughout the study area, surface water
salinity changed from 32.4 to 36.2 while water
temperature varied widely from a high of 26.1°C at
Stn T1 to a low of 4.1°C at Stn T7. Water temperature
has been demonstrated to be an important factor
influencing the distribution of DMS in the microlayer
(Yang et al. 2001) and will be discussed further
below. During the sampling, low wind speeds
(~2-3 m/s) were recorded at Stns T5-T7 where
the sea surface was calm, while high wind speeds
(~7-8 m/s) were observed at Stns T1-T4 with
breaking waves at the sea surface.

DMS, DMSP and chlorophyll a distributions and
their EFs in the microlayer

Figure 2 shows the distribution of DMS, DMSPd,
DMSPp and chlorophyll a concentrations in the
microlayer and bulk water. In the investigated area,
DMSPp concentrations in the bulk water varied over
a wide range. The highest DMSPp value (119.8 nM)
was monitored at the Greenland Current station (T7).
Stn T4 in the Subarctic also displayed a high DMSPp
level (104.0 nM). The lowest value (8.06 nM) was
observed at the Gulf Stream station (T1). The
DMSPp concentrations at Stns T2, T3 and T6 varied
very little (10.80 £ 1.72 nM). The distribution ten-
dency of DMSPp in the microlayer exhibited a
similar pattern to that in the bulk water, with
maximum concentration occurring at Stn T4
(97.0 nM).

In comparison with DMSPp, DMSPd concentra-
tions in the bulk water changed over a small range
(1.87-6.25 nM). Very few measurements of DMSPd
in the western North Atlantic have been reported for
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Fig. 2 Distribution of DMS, DMSPd, DMSPp and chlorophyll
a concentrations in the microlayer and bulk water at the
investigated stations

the summer season. Dacey et al. (1998) recorded
surface seawater DMSPd concentrations of 5-10 nM
in the Sargasso Sea in summer, apparently higher
than that (2.09 nM, T2) measured in this study. The
concentrations of DMSPd in the microlayer fluctu-
ated over a larger range from 4.06 to 54.3 nM. Total
microlayer concentrations of DMSPd in the study
area averaged 15.4 nM and were almost equal to the
spring values (Yang et al. 2005a).

DMS concentrations in the bulk water varied from
0.71 to 7.65 nM with an average value of 2.38 nM. In
contrast, average concentration of DMS in the
microlayer was 0.60 nM, approximately 4-fold lower
than that in the bulk water. DMS in the microlayer
revealed a similar spatial trend to that in the bulk
water, with the highest concentration simultaneously
appearing at Stn T6 (Subarctic).
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Table 1 also lists the concentration ratios of
DMS:DMSPd:DMSPp at 7 investigated stations.
Apparently, DMSPp concentrations were in most
cases higher than those of DMSPd in both the
microlayer and the bulk water. The concentrations of
DMSPd exceeded those of DMS by a factor of 3-97
in the microlayer samples. In contrast, the concen-
trations of DMSPd were only 14 times higher than
those of DMS in the bulk water samples. The great
difference in the proportions of biogenic sulfur
constituents between the microlayer and bulk water
was obviously due to microlayer enrichment for
DMSPd, as discussed below.

In comparison with previous data (Yang et al.
2005a), an obvious spring/summer difference was
observed for chlorophyll a, with higher levels in
spring and lower levels in summer, reflecting the
seasonal variation of phytoplankton biomass in the
study area. Generally, a double increase in DMSPp
and DMSPd concentrations in the microlayer and
bulk water occurred in the investigated area from
spring to summer. Similarly, the concentrations of
DMS in the study area also showed a clear seasonal
variation, with higher values in summer than in
spring. Lower chlorophyll a levels and higher DMSP
and DMS concentrations in summer relative to spring
is likely to reflect an increase in the proportion of
DMSP producers in the total phytoplankton assem-
blage. It is noteworthy that the extremely high
DMSPp concentrations and relatively high DMSPd
and DMS concentrations in the microlayer and bulk
water were consistently observed at Stn T4 (North
Atlantic Drift) in spring and summer. The highest
sea-to-air flux of DMS was also recorded at this
station (Table 2), highlighting that this area may emit
potentially large amounts of DMS to the atmosphere.

To date, much effort has been devoted to studying
empirical relationships between DMS(P) and other
biological parameters, especially chlorophyll a. Data
obtained in this study indicated that the concentrations
of DMSPd in the bulk water changed in response to
variation in the concentrations of chlorophyll a. For
instance, the highest concentrations of DMSPd and
chlorophyll a in the bulk water appeared simulta-
neously at the northernmost station (T7), while the
lowest DMSPd level was observed at Stn T1 with very
low chlorophyll a concentration. Consequently, a
relationship appeared between DMSPd and chloro-
phyll a concentrations in the bulk water samples
(Fig. 3,7 = 0.8482,n = 7,p = 0.0032). DMSPd has
previously been shown a significant relationship with
chlorophyll a in the surface waters of the northwest
Atlantic in May 1998 (Scarratt et al. 2002). It was
interesting to note that similar phenomenon to DMSPd
was observed with DMSPp as well. By statistical
analysis to DMSPp and chlorophyll a, a correlation
between them was obtained for all the bulk water
samples (¥ = 0.7604, n = 7, p = 0.0105). Bouillon
et al. (2002) also found a significant correlation
between DMSPp and chlorophyll a in the North Water
during April and May 1998. Our observations suggest
that phytoplankton biomass might play an important
part in determining the distributions of DMSPp and
DMSPd in the study area at this time of year.

The effect of DMSPp concentration on DMSPd
concentration was also examined from the field
investigation data. Our data showed that the high
concentrations of DMSPd in the bulk water generally
appeared in the samples with high levels of DMSPp.
This is particularly obvious for the sample collected
at Stn T7. As a result, a linear correlation was found
between the two components (r2 = 09575, n =8,

Table 2 The sea-to-air flux

Wind speed u;( (m/s) Sc

Kpms (em/h)  Fpys (pmol m™>d™")

of DMS at the investigative Station no.

stations in th.e western L1 4.6

North Atlantic in summer

2003 i 8.2
T2 8.2
T3 72
T4 7.7
T5 2.6
T6 2.1
T7 3.1
Average 55

952 2.69 1.81
696 12.66 3.98
709 12.53 3.79
794 9.36 1.60
1,414 7.86 4.04
1,504 0.24 0.10
1,612 0.18 0.34
2,133 0.22 0.07
1,227 5.72 1.97
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Fig. 3 Relationship between DMSPd and Chlorophyll a
concentrations in the bulk water samples

p = 0.0000, [DMSPd] = 0.034[DMSPp] + 1.8475).
Our investigation implies that the concentration of
DMSPd in seawater is highly dependent upon the
level of DMSPp.

Previous studies have compared microlayer con-
centrations to near subsurface values using EF values
(Yang et al. 2005a, b). In the spring 2003 cruise, we
obtained an average DMS EF value of 0.72 (Yang
et al. 2005a). In the present study, DMS concentra-
tions were considerably lower in the microlayer than
in the bulk water, resulting in a very low mean EF of
0.29 (Table 1). The higher EF values observed in
spring than in summer (this cruise) were assumed to
be due to the effect of temperature, because magni-
tudes of enrichment of DMS in the microlayer were
found to be inversely proportional to sampling
temperature (Yang et al. 2001). Literature values
for the EF of DMS range from 0.3 to 4 for both
coastal and open sea waters (Nguyen et al. 1978;
Turner and Liss 1985; Yang 1999; Yang et al. 2001,
2005b). However, it is very difficult to compare EF
values of DMS obtained from different investiga-
tions, because the concentrations in the microlayer
are highly dependent on biological and environmen-
tal variables including microlayer chlorophyll a
concentration, bulk water DMS concentration, sea-
water temperature, wind speeds and sea state (Yang
et al. 2001). Moreover, all microlayer DMS concen-
trations and thus derived EFs should be minimum,
due to sampling constraints and artifacts for the

dissolved gases. Therefore, we must exercise caution
in viewing the EF values of DMS obtained.

Throughout the study, the EF values of chlorophyll
a ranged from 0.80 to 2.38 with an average of 1.15. A
similarly variable pattern for chlorophyll a has been
reported elsewhere (Carlson 1982). The present
results differ from our observations during the spring
2003 cruise (Yang et al. 2005a) in which chlorophyll
a was consistently enriched in the microlayer.
Phaeopigments (chlorophyll degradation products),
on the other hand, were generally enriched in the
microlayer compared to the bulk water, with EF
values ranging from 0.85 to 3.0 (mean: 1.68). In this
study, we found a correlation between phaeopigment
and chlorophyll a concentrations in the microlayer
(r2 = 0.8038, n = 6, p = 0.0155). This means that
high phaeopigment concentrations are generally
observed in the microlayer samples with high chlo-
rophyll a levels. High phaeopigment concentration in
the microlayer may be due to enhanced photo-
oxidation of chlorophyll under high surface light
intensities in the microlayer.

The most striking feature of this study is the fact
that DMSPd concentrations in the microlayer always
far exceeded those in the bulk seawater, resulting in
high EFs ranging from 1.75 to 16.24 with a mean of
4.89. The sea surface microlayer has been generally
considered to be enriched, relatively to underlying
water, with various organic materials (Liss and Duce
1997; Cincinelli et al. 2001). For example, Carlucci
et al. (1991) reported enrichment factors of 2—6 for
dissolved free and combined amino acids in the
surface microlayer of the Damariscotta (Maine)
estuary. Natural organic components appear to be
the principal film-forming components in the surface
microlayer, although lipid compounds can dominate
in samples collected from polluted waters (Williams
et al. 1986). The high enrichment of organic material
such as DMSPd in the surface microlayer could be, in
part, attributed to simple Gibbs surface adsorption,
i.e., a solute is concentrated at the air—sea interface
when the surface tension of the solution is reduced
(Adamson 1976).

At Stations T3 and T6, the concentrations of
DMSPp were higher in the microlayer relative to bulk
water whereas the opposite situation was observed at
Stns T2, T5 and T7. No significant difference was
found in DMSPp concentrations between the micro-
layer and bulk water samples at Stns L1, T1 and T4.
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On average, DMSPp was slightly depleted in the
microlayer (mean EF = 0.85).

Abundance of phytoneuston and bacteria
in the microlayer

The abundance of major algal taxa in the microlayer
samples is presented in Table 3. The high abundance
of phytoneuston (over 2 x 10° cells/l) was found at
Stns T4, T5 and T7, which were locations of high
chlorophyll a levels. Throughout the study area, the
phytoneuston community was dominated by flagel-
lates (16-65% of total phytoneuston cell abun-
dances), with Prymnesiophyceae contribution
ranging from 1 to 16% of the total cell abundances.
Diatoms and dinoflagellates were present in low
numbers at most stations.

Dinoflagellates have received much attention as
major producers of DMSP (Keller et al. 1989). In the
present study, maximum abundance of dinoflagellates
was observed at Stn T4, coincident with the highest
microlayer DMSPp concentration. As a consequence,
dinoflagellates displayed a significant correlation with
DMSPp (Fig. 4, r* = 0.5969, n = 8, p = 0.0000).
Flagellates also co-occur with high DMSPp in many
marine environments (e.g., Turner et al. 1995; Matrai
et al. 2008). Flagellates have been shown to dominate
Barents Sea subsurface waters (0—5 m) in late winter/
early spring (Ratkova and Wassmann 2005), prior to

any spring bloom, coinciding with DMSPp concen-
trations of up to 20 nM (Matrai et al. 2007). In
nearshore waters, Turner et al. (1988) reported higher
intracellular DMSP concentrations in flagellates
(650 mM) than in the phytoplankton community as a
whole (between 37 and 95 mM). In the present study,
the distributions of DMSPp and flagellates in the
microlayer basically followed the same trend, apart
from the flagellate maximum that was lagged by one
station (T5, rather than T4), with a corresponding
increase at T7 (Fig. 4). Because the phytoneuston
composition was dominated by flagellate cells, it is
probable that their contribution to the DMSPp over-
whelmed the contribution of dinoflagellates, which
were present at low biomass levels.

We also measured bacterial abundances in the
microlayer. Figure 5 shows that bacterial abundances
in the investigated area ranged from 1.42 x 10® to
5.97 x 108 cells/l, with an average of 3.1 x 108
cells/l. Bacterial abundances in this study were lower
than those measured in the previous studies in sea-
surface microlayers in nearshore and offshore waters
off the coast of southern California (Carlucci et al.
1992) and in coastal Maine (Carlucci et al. 1991).
However, bacterial populations in this study were
within the ranges observed in other microlayer
environments including those from coastal Baja
California (Carlucci et al. 1986) and Sequim Bay,
Washington (Hardy and Apts 1984). Recently, a

Table 3 Abundance of phytoneuston (cells 17') in the surface microlayer

Taxon Tl T2 T3 T4 TS T6 T7

Diatoms 2,040 9,480 1,400 1,200 71,640 1,120 209,684
Dinoflagellates 4,840 7,944 20,744 90,040 28,480 6,024 3,800
Chrysophyceae 240 280 160 4,400 19,760 80 2,560
Dictyochophyceae 0 0 0 4,504 8,889 0 800
Cryptophyceae 8,615 2,794 1,557 43,560 173,107 8,383 261,482
Euglenophyceae 80 40 320 8,320 2,000 0 0
Prasinophyceae 0 80 440 5,944 1,440 80 640
Prymnesiophyceae 13,833 31,371 13,593 134,308 266,960 164,703 210,266
Flagellates 197,434 147,405 271,208 709,839 1,128,718 668,605 1,162,873
Cyanophyceae 285,200 29,840 96,000 1,960 0 0 0
Heterotrophic groups 880 200 2,640 18,464 30,889 6,864 2,560
Choanoflagellates 0 0 13,273 0 16,999 0 5,821
Ciliates 11,480 6,880 1,880 15,760 4,320 480 840
Other taxa 296,631 678,244 971,759 1,191,835 336,870 167,663 305,075
Total 821,273 914,558 1,394,974 2,230,134 2,092,072 1,024,002 2,166,401
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Fig. 4 Variation in DMSPp concentrations with variation in
dinoflagellate ([J) and flagellate (A) abundances in the
microlayer

number of studies have reported that there is a
definite link between the microbial food web and the
oceanic cycling of DMS (Kiene and Bates 1990;
Sim6 et al. 2002). However, in the present study, no
significant relationship was found between bacterial
abundances and DMS concentrations in the micro-
layer. This may be due to the complex role played by
bacteria in controlling the concentration of DMS in
marine surface waters, because bacteria not only
mediate the production processes of DMS, but also
participate in the consumption processes of DMS
(Simo et al. 2002; Yoch 2002).

Relationships between the microlayer and bulk
water concentrations

High concentrations of DMS and DMSPp in the
microlayer were commonly observed where bulk water
concentrations of those two sulfur constituents were
also high (e.g., Stn T4). Similarly, low microlayer and

Bacterial abundance (108 cells/l)

L1 Tl T2 T3 T4 TS T6  T7

Fig. 5 Bacterial abundance in the microlayer

bulk water concentrations of DMS and DMSPp
appeared simultaneously at some stations (e.g., Stn
T3). These data suggest that the distribution of DMS
and DMSPp in the microlayer appear to be determined
largely by their bulk water concentrations. As
expected, the microlayer concentrations of DMS and
DMSPp were correlated to their corresponding bulk
water concentrations (Fig. 6, for DMS, P = 0.6176,
n = 8, p = 0.0208; for DMSPp, r* = 0.7283, n = 8,
p = 0.0070). With respect to chlorophyll a and
phaeopigments, variation in their microlayer concen-
trations followed roughly variation in their bulk water
concentrations. It is not surprising that a linear
correlation appeared between these two water body
concentrations (Fig. 6, for chlorophyll q, = 0.9915,
n =7, p = 0.0000; for phaeopigments, P = 0.7850,
n = 6,p = 0.0187). In the spring 2003 cruise, we also
found the significant relationships between the micro-
layer and subsurface water concentrations of DMS,
DMSP and chlorophyll a (Yang et al. 2005a). These
observations imply that microlayer concentrations
generally co-vary with the corresponding bulk water
concentrations.

DMS sea-to-air flux

The emission rates of DMS are generally estimated
from the equation of Liss and Merlivat (1986), which
assumes the sea-to-air flux (F) is proportional to the
product of the concentration difference (AC) across
the air-sea interface and a transfer velocity (K):
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AC is the difference between the water and air
concentrations of DMS which is practically equal to
the surface seawater DMS concentration, since
atmospheric concentrations were insignificant with
respect to the water concentrations. The transfer
velocity (K) was calculated as a function of the wind
speed (u;0) measured at the height of 10 m and the
Schmidt number (Sc¢) (Liss and Merlivat 1986). The
DMS Schmidt number at the local temperature is
obtained from the equation of Saltzman et al. (1993).
The Fpymg values estimated according the above
approaches is listed in Table 2, together with the Sc
and Kpys values. The calculated fluxes are uncertain
by at least a factor of two, due to uncertainties arising
from basic model assumptions, the relative standard
deviations of the individual model parameters, and K
value of DMS. In addition, the intrinsic problems of
microlayer sampling (Yang et al. 2001) might also
contribute to uncertainties of the calculated fluxes.
Nevertheless, the calculated fluxes are useful for at
least a rough estimate of the summer emission flux of

@ Springer

DMS sea-to-air flux ranged from 0.07 to
4.04 pmol m~2 d_l, with a mean of 1.97 pmol m~2
d™'. This flux agrees remarkably well with our gross
estimate during the spring cruise, but about 50%
lower in comparison with that (4.5 pmol m~2 d™')
obtained in the western North Atlantic during May
1998 (Scarratt et al. 2002).

Concluding remarks

Results obtained from the field samples showed no
consistent enrichment of DMS, DMSPp and chloro-
phyll a in the microlayer. However, all the microlayer
samples were enriched with DMSPd in comparison
with bulk water samples. In addition, the concentration
of phaeopigments was also greater in the microlayer
than in the bulk water. The enrichment of phaeopig-
ments in the microlayer may be an evidence of
enhancement of degradation processes in the micro-
layer. Our data indicated that both DMSPd and DMSPp
concentrations in the bulk water tended to increase
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with increasing phytoplankton biomass. The phyto-
neuston composition in the study area was dominated
by flagellate cells, thus it is likely that flagellates were
mainly responsible for the DMSPp levels. Moreover,
we found a close correlation between the microlayer
and bulk water concentrations of DMS, DMSPp and
pigments, demonstrating that the microlayer materials
were related to the bulk water below.

Acknowledgments We gratefully acknowledge the officers
and crew aboard the CCGS “Martha L. Black” for their help
and cooperation during the cruise. We thank Zhi-Ping Mei for
chlorophyll a analysis and Sylvie Lessard for the
phytoplankton identification and enumeration. This is a
contribution to the Canadian SOLAS research program.
Multiple sources of funding are acknowledged: the Natural
Science and Engineering Research Council of Canada
(NSERC), the Canadian Foundation for Climate and
Atmospheric Science (CFCAS), National Natural Science
Foundation of China (Nos. 40476034, 40525017 and
40490265), and Science and Technology Key Project of
Shandong Province (2006GG2205024).

References

Adamson AW (1976) Physical chemistry of surfaces, 3rd edn.
Wiley, New York, p 698

Andreae MO (1990) Ocean-atmosphere interactions in the
global biogeochemical sulfur cycle. Mar Chem 30:1-29.
doi:10.1016/0304-4203(90)90059-L

Andreae TW, Andreae MO, Schebeske G (1994) Biogenic
sulfur emissions and aerosols over the tropical South
Atlantic, 1, dimethylsulfide in seawater and in the atmo-
spheric boundary layer. J Geophys Res 99:22819-22829.
doi:10.1029/94JD01837

Bouillon R-C, Lee PA, de Mora SJ, Levasseur M, Lovejoy C
(2002) Vernal distribution of dimethylsulfide, dimethyl-
sulphoniopropionate, and dimethylsulphoxide in the North
Water in 1998. Deep Sea Res Part II Top Stud Oceanogr
49:5171-5189. doi:10.1016/S0967-0645(02)00184-4

Carlson DJ (1982) Phytoplankton in marine surface micro-
layers. Can J Microbiol 28:1226-1234

Carlucci AF, Craven DB, Robertson KJ, Williams PM (1986)
Surface-film microbial populations: diel amino acid
metabolism, carbon utilization, and growth rates. Mar
Biol (Berl) 92:289-297. doi:10.1007/BF00392847

Carlucci AF, Craven DB, Wolgast DM (1991) Microbial
populations in surface films and subsurface waters: amino
acid metabolism and growth. Mar Biol (Berl) 108:329—
339. doi: 10.1007/BF01344348

Carlucci AF, Wolgast DM, Craven DB (1992) Microbial
populations in surface films: amino acid dynamics in
nearshore and offshore waters off southern California. J
Geophys Res 97(C4):5271-5280. doi:10.1029/91JC02614

Charlson RJ, Lovelock JE, Andreae MO, Warren SG (1987)
Oceanic phytoplankton, atmospheric sulphur, cloud

albedo, and climate. Nature 326:655-661. doi:10.1038/
326655a0

Cincinelli A, Stortini AM, Perugini M, Checchini L, Lepri L
(2001) Organic pollutants in sea-surface microlayer and
aerosol in the coastal environment of Leghorn-(Tyrrhe-
nian Sea). Mar Chem 76:77-98. doi:10.1016/S0304-4203
(01)00049-4

Dacey JWH, Howse FA, Michaels AF, Wakeham SG (1998)
Temporal variability of dimethylsulfide and dimethylsul-
foniopropionate in the Sargasso Sea. Deep Sea Res Part 1
Oceanogr Res Pap 45:2085-2104. doi:10.1016/S0967-
0637(98)00048-X

Hardy JT (1982) The sea surface microlayer: biology, chem-
istry and anthropogenic enrichment. Prog Oceanogr
11:307-328. doi:10.1016/0079-6611(82)90001-5

Hardy JT, Apts CW (1984) The sea surface microlayer: phy-
toneuston productivity and effects of atmospheric partic-
ulate matter. Mar Biol (Berl) 82:293-300. doi:10.1007/
BF00392409

Hardy JT, Valett M (1981) Natural and microcosm phytoneu-
ston communities of Sequim Bay, Washington. Estuar
Coast Shelf Sci 12:3-12. doi:10.1016/S0302-3524(81)
80113-2

Holligan PM, Turner SM, Liss PS (1987) Measurements of
dimethylsulphide in frontal regions. Cont Shelf Res
7:213-224. doi:10.1016/0278-4343(87)90080-X

Keller MD, Bellows WK, Guillard RRL (1989) Dimethyl sulfide
production in marine phytoplankton. In: Saltzman ES,
Cooper WJ (eds) Biogenic sulfur in the environment.
American Chemical Society, Washington DC, pp 167182

Kettle AJ, Andreae MO, Amouroux D et al (1999) A global
database of sea surface dimethylsulfide (DMS) measure-
ments and a procedure to predict sea surface DMS as a
function of latitude, longitude, and month. Global
Biogeochem Cycles 13:399-444. doi:10.1029/1999GB
900004

Kieber DJ, Jiao J, Kiene RP, Bates TS (1996) Impact of
dimethylsulfide photochemistry on methyl sulfur cycling
in the equatorial Pacific Ocean. J Geophys Res 101:3715—
3722. doi:10.1029/95JC03624

Kiene RP, Bates TS (1990) Biological removal of dimethyl-
sulphide from seawater. Nature 345:702-705. doi:
10.1038/345702a0

Kiene RP, Linn LJ (2000) Distribution and turnover of dis-
solved DMSP and its relationship with bacterial produc-
tion and dimethylsulfide in the Gulf of Mexico. Limnol
Oceanogr 45:849-861

Kiene RP, Linn LJ, Bruton JA (2000) New and important roles
for DMSP in marine microbial communities. J Sea Res
43:209-224. doi:10.1016/S1385-1101(00)00023-X

Leck C, Larsson U, Bagander LE, Johansson S, Hadju S (1990)
Dimethyl sulfide in the Baltic Sea: annual variability
in relation to biological activity. J Geophys Res 95:
3353-3363. doi:10.1029/JC0951C03p03353

Liss PS, Duce R (eds) (1997) The sea surface and global
change. Cambridge University Press, Cambridge. pp 519

Liss PS, Merlivat L (1986) Air-sea gas exchange rates: intro-
duction and synthesis. In: Buat-Menard P (ed) The role of
air-sea exchange in geochemical cycling. Reidel, Dordr-
echt, pp 113-127

@ Springer


http://dx.doi.org/10.1016/0304-4203(90)90059-L
http://dx.doi.org/10.1029/94JD01837
http://dx.doi.org/10.1016/S0967-0645(02)00184-4
http://dx.doi.org/10.1007/BF00392847
http://dx.doi.org/10.1007/BF01344348
http://dx.doi.org/10.1029/91JC02614
http://dx.doi.org/10.1038/326655a0
http://dx.doi.org/10.1038/326655a0
http://dx.doi.org/10.1016/S0304-4203(01)00049-4
http://dx.doi.org/10.1016/S0304-4203(01)00049-4
http://dx.doi.org/10.1016/S0967-0637(98)00048-X
http://dx.doi.org/10.1016/S0967-0637(98)00048-X
http://dx.doi.org/10.1016/0079-6611(82)90001-5
http://dx.doi.org/10.1007/BF00392409
http://dx.doi.org/10.1007/BF00392409
http://dx.doi.org/10.1016/S0302-3524(81)80113-2
http://dx.doi.org/10.1016/S0302-3524(81)80113-2
http://dx.doi.org/10.1016/0278-4343(87)90080-X
http://dx.doi.org/10.1029/1999GB900004
http://dx.doi.org/10.1029/1999GB900004
http://dx.doi.org/10.1029/95JC03624
http://dx.doi.org/10.1038/345702a0
http://dx.doi.org/10.1016/S1385-1101(00)00023-X
http://dx.doi.org/10.1029/JC095iC03p03353

254

Biogeochemistry (2009) 94:243-254

Lund JWG, Kipling C, Le Cren ED (1958) The inverted
microscope method of estimating algal numbers and the
statistical basis of estimation by counting. Hydrobiologia
11:143-178. doi:10.1007/BF0O0007865

Matrai PA, Cooper DJ, Saltzman ES (1996) Frontal enhance-
ment of dimethylsulfide concentrations across a Gulf
Stream meander. J Mar Syst 7:1-8. doi:10.1016/0924-
7963(95)00013-5

Matrai PA, Vernet M, Wassmann P (2007) Temporal and
spatial patterns of DMSP as a function of arctic phyto-
plankton biomass and productivity. J Mar Syst 67:87-101.
doi:10.1016/j.jmarsys.2006.10.001

Matrai PA, Tranvik L, Leck C, Knulst JC (2008) Are high
Arctic surface microlayers a potential source of aerosol
organic precursors? Mar Chem 108:109-122. doi:
10.1016/j.marchem.2007.11.001

Nguyen BC, Gaudry A, Bonsang B, Lambert G (1978)
Reevaluation of the role of dimethyl sulfide in the sulphur
budget. Nature 275:637-639. doi:10.1038/275637a0

Parsons TR, Maita Y, Lalli CM (1984) A manual for chemical
and biological methods for seawater analysis. Pergamon
Press, Oxford

Porter KG, Feig YS (1980) The use of DAPI for identifying
and counting aquatic microflora. Limnol Oceanogr 25:
943-948

Ratkova T, Wassmann P (2005) Sea-ice algae in the White Sea
and Barents Sea: composition and origin. Polar Res
24:95-110. doi:10.1111/j.1751-8369.2005.tb00143.x

Saltzman ES, King DB, Holmen K, Leck C (1993) Experi-
mental determination of the diffusion coefficient of
dimethylsulfide in water. J Geophys Res 98:16481-16486.
doi:10.1029/93JC01858

Scarratt MG, Levasseur M, Michaud S, Cantin G, Gosselin M,
de Mora SJ (2002) Influence of phytoplankton taxonomic
profile on the distribution of dimethylsulfide and dime-
thylsulfoniopropionate in the northwest Atlantic. Mar
Ecol Prog Ser 244:49-61. doi:10.3354/meps244049

Sciare J, Mihalopoulos N, Nguyen BC (2002) Spatial and
temporal variability of dissolved sulfur compounds in
European estuaries. Biogeochemistry 59:121-141. doi:
10.1023/A:1015539725017

Simé R, Pedrés-Alié C (1999) Short-term variability in the
open ocean cycle of dimethylsulfide. Global Biogeochem
Cycles 13:1173-1181. doi:10.1029/1999GB900081

Simé R, Grimalt JO, Albaigés J (1997) Dissolved dimethyl-
sulphide, dimethylsulphoniopropionate and dimethyl-
sulphoxide in western Mediterranean waters. Deep Sea
Res Part II Top Stud Oceanogr 44:929-950. doi:
10.1016/S0967-0645(96)00099-9

Simé R, Archer SD, Pedrés-Alié C, Gilpin L, Stelfox-Widdi-
combe CE (2002) Coupled dynamics of dimethylsulfo-
niopropionate and dimethylsulfide cycling and the
microbial food web in surface waters of the North
Atlantic. Limnol Oceanogr 47:53-61

Turner SM, Liss PS (1985) Measurements of various sulphur
gases in a coastal marine environment. J Atmos Chem
2:223-232. doi:10.1007/BF00051074

@ Springer

Turner SM, Malin G, Liss PS, Harbour DS, Holligan PM
(1988) The seasonal variation of dimethyl sulfide and
dimethylsulfoniopropionate concentrations in nearshore
waters. Limnol Oceanogr 33:364-375

Turner SM, Nightingale PD, Broadgate W, Liss PS (1995) The
distribution of dimethyl sulphide and dimethylsulphonio-
propionate in Antarctic waters and sea ice. Deep Sea Res
Part II Top Stud Oceanogr 42:1059-1080. doi:
10.1016/0967-0645(95)00066-Y

Williams PM, Carlucci AF, Henrichs SM, Van Fleet ES,
Horrigan SG, Reid FMH, Robertson KJ (1986) Chemical
and microbiological studies of sea-surface films in the
southern Gulf of California and off the west coast of Baja
California. Mar Chem 19:17-98. doi:10.1016/0304-4203
(86)90033-2

Yang GP (1999) Dimethylsulfide enrichment in the surface
microlayer of the South China Sea. Mar Chem 66:215—
224. doi:10.1016/S0304-4203(99)00042-0

Yang GP (2000) Spatial distributions of dimethylsulfide in the
South China Sea. Deep Sea Res Part I Oceanogr Res Pap
47:177-192. doi:10.1016/S0967-0637(99)00058-8

Yang GP, Tsunogai S (2005) Biogeochemistry of dimethyl-
sulfide (DMS) and dimethylsulfoniopropionate (DMSP) in
the surface microlayer of the western North Pacific. Deep
Sea Res Part I Oceanogr Res Pap 52:553-567. doi:
10.1016/j.dsr.2004.11.013

Yang GP, Watanabe S, Tsunogai S (2001) Distribution and
cycling of dimethylsulfide in surface microlayer and bulk
seawater. Mar Chem 76:137-153. doi:10.1016/S0304-
4203(01)00054-8

Yang GP, Levasseur M, Michaud S, Scarratt M (2005a) Bio-
geochemistry of dimethylsulfide (DMS) and dimethyl-
sulfoniopropionate (DMSP) in the surface microlayer and
subsurface water of the western North Atlantic during
spring. Mar Chem 96:315-329. doi:10.1016/j.marchem.
2005.03.003

Yang GP, Tsunogai S, Watanabe S (2005b) Biogenic sulfur
distribution and cycling in the surface microlayer and
subsurface water of Funka Bay and its adjacent area. Cont
Shelf Res 25:557-570. doi:10.1016/j.csr.2004.11.001

Yang GP, Jing WW, Li L, Kang ZQ, Song GS (2006) Distri-
bution of dimethylsulfide and dimethylsulfoniopropionate
in the surface microlayer and subsurface water of the
Yellow Sea, China during spring. J Mar Syst 62:22-34.
doi:10.1016/j.jmarsys.2006.04.003

Yoch DC (2002) Dimethylsulfoniopropionate: its sources, role
in the marine food web, and biological degradation to
dimethylsulfide. Appl Environ Microbiol 68:5804-5815.
doi:10.1128/AEM.68.12.5804-5815.2002

Zemmelink HJ, Houghton L, Sievert SM, Frew NM, Dacey
JWH (2005) Gradients in dimethylsuffide, dimethylsul-
foniopropionate, dimethylsulfoxide, and bacteria near the
sea surface. Mar Ecol Prog Ser 295:33-42. doi:10.3354/
meps295033


http://dx.doi.org/10.1007/BF00007865
http://dx.doi.org/10.1016/0924-7963(95)00013-5
http://dx.doi.org/10.1016/0924-7963(95)00013-5
http://dx.doi.org/10.1016/j.jmarsys.2006.10.001
http://dx.doi.org/10.1016/j.marchem.2007.11.001
http://dx.doi.org/10.1038/275637a0
http://dx.doi.org/10.1111/j.1751-8369.2005.tb00143.x
http://dx.doi.org/10.1029/93JC01858
http://dx.doi.org/10.3354/meps244049
http://dx.doi.org/10.1023/A:1015539725017
http://dx.doi.org/10.1029/1999GB900081
http://dx.doi.org/10.1016/S0967-0645(96)00099-9
http://dx.doi.org/10.1007/BF00051074
http://dx.doi.org/10.1016/0967-0645(95)00066-Y
http://dx.doi.org/10.1016/0304-4203(86)90033-2
http://dx.doi.org/10.1016/0304-4203(86)90033-2
http://dx.doi.org/10.1016/S0304-4203(99)00042-0
http://dx.doi.org/10.1016/S0967-0637(99)00058-8
http://dx.doi.org/10.1016/j.dsr.2004.11.013
http://dx.doi.org/10.1016/S0304-4203(01)00054-8
http://dx.doi.org/10.1016/S0304-4203(01)00054-8
http://dx.doi.org/10.1016/j.marchem.2005.03.003
http://dx.doi.org/10.1016/j.marchem.2005.03.003
http://dx.doi.org/10.1016/j.csr.2004.11.001
http://dx.doi.org/10.1016/j.jmarsys.2006.04.003
http://dx.doi.org/10.1128/AEM.68.12.5804-5815.2002
http://dx.doi.org/10.3354/meps295033
http://dx.doi.org/10.3354/meps295033

	Distribution of dimethylsulfide and dimethylsulfoniopropionate and its relation with phytoneuston in the surface microlayer of the western �North Atlantic during summer
	Abstract
	Introduction
	Methods
	Sample collection
	DMS and DMSP analyzes
	Chlorophyll determination, phytoplankton �and bacteria abundances

	Results and discussion
	DMS, DMSP and chlorophyll a distributions and their EFs in the microlayer
	Abundance of phytoneuston and bacteria �in the microlayer
	Relationships between the microlayer and bulk water concentrations
	DMS sea-to-air flux

	Concluding remarks
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


