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Flux of dimethylsulfide in the Jiaozhou Bay, China’
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Abstract —— Seasona! measurements of dimethylsulfide (DMS3) in surface waters were carried out
during 1993 —1994 in the lianoczhou Bay. A seasonal variation is observed for DMS concentrations in
seawater, ranging from 0. 6 to 8, ¥7 nmgl S/L with the highest values in spring. A factor of 4 was
measured for DMS concentrations with mean concentrations of 5. 85 nmal $/L or 6. 58 nmol S/L in
spring and 1. 40nmol 5/L in winter. A sea-lu-air flux of DMS alsoc showed a seasonal variation.
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1 Introduction

Oceanic dimethylsulfide ({CH;SCH., DMS) is likely to be produced hy enzymatie clea-
vage of dimethylsulfonicpropicnate (I"MSP) which is an important compound in osmoregula-
tion of phytoplankton cells{Turner, 1988). The sea surface layers are always supersaturated
with DMS. which implies a net flux to the atmosphere. Andreac{Andreae, 1986) estimated
that the gaseous sulfur flux from the ocean to the atmosphere lies between 1. 1 and 1. 6t mol/
a, and that the flux of DMS is 1. 1 t mol/a. If the natural sulfur cycle is taken precisely into
account, the impact of human activity to the earth’s environment can be further understood.

Atmospheric DMS is initially oxidized by OH in the daytime and nitrate radical (NO,;) at
night (Andreae, 1986; Yin, 1990). The oxidation of atmospheric DMS seems to contribute
largely to the formation of aerosol particles containing non-sea-salt sulfate (nss-SO,>7) in
the marine troposphere (Saltzman, 1988; Savoie, 1989), It is hypothesized by Charlson ez
al. { Charlson, 1987) that an increase of DMS flux would increase the number density of
clound concentration nuclei (CCN), thus enhancing cloud albedo. The enhancement would
subsequently decrease seawater temperature, and would consequently decrease marine pro-
ductivity and DMS emission. It is essentially important to eluciate quantitatively the relation-

ship between DMS emissions and CCN composed of nss-S0,*~ in the marine troposphere, not
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only for the global biogeochemical sulfur cycle but also for the global climate change.
Measurements of DMS concentrations along the coastline of China and estimations of
DMS fluxes are necessary for predicting DMS roles in acid precipitation and provide impor-
tant information regarding climate change.
In this paper we present results of measurements taken over 2 year periods in order to
know the variation of DMS in seawater and assess the sea-to-air flux of DMS in the Jiaozhou

Bay.
2 Determination of DMS in sea water

DMS determination method (Hu, 1995) was set up based on international literature
(Andreae, 1983; Line, 1983; Bates, 1987; Burgermeister, 1990). A sea water sample of 50
ml was purged with pure nitrogen gas flow of 20 to 30 ml per minute for a period 35 minutes.
Befcre entering the cryotrap the gas stream was dried by a Teflon tube immersed into an ice-
salt bath(—10C) to prevent icing. This gas was then passed through a U-tube packed with
chromosorb R and immersed in liquid nitrogen. After collection, the DMS samples were ana-
lyzed by gas chromatography with flame photometric detection as soon as possible. The cry-
otrap (liquid N,) was connected to the gas chromatographic system via six-way-valve purged
with dry nitrogen gas. The column used was 2m X 3mm Carbopake B/1. 5% XE-60/1.0%
H,PO,60— 80 mesh, packed in teflon tubing. The liquid N, was removed and the trap heated
at around 90°C by a glycerine bath, then DMS was released and injected into the GC for se-
paration and detection. Meaximal desorption of DMS without interferences due to water vapor
released [rom the cold trap was achieved at 90°C.

Calibration of the DMS chromatographic sy}stem is performed by injecting a few micro-
liters in the range of 2. 0—30. 0 ng of DMS in ethylene glycol into 50m! of degassed sea wa-
ter. The standard was purged with pure nitrogen gas into the cryotrap and analyzed in the
same manner as the sea water samples. Concentrations of DMS were expressed as standard.

The accuracy and precision for DMS measurement method are 10% and 1234, respec-

tively, based on replicate analyse (n=10) of samples and comparison with the standards. -

3 Results and discussion

3.1 DMS concentration in sea water
Sea water samples were obtained from sea surface water and transferred, after measur-
ing the temperature, into a polyvinyl chloride bottle. The surface samples were analyzed by
the method mentioned above as soon as possible to avoid possible storage artifacts.
Measurements of DMS in sea water were carried out in Jiaozhou Bay between January
1993 and the end of September of 1994, The sampling locations are shown in Fig. 1.
Measurement results of DMS in the Jiaozhou Bay are shown in Table 1. In 1993 lowest
DMS concentrations occurred in winter, ranging from 0. 6 to 3. 69 nmol S/L with a mean of

1. 40 nmol S/L. The highest DMS concentrations were measured in summer, ranging from
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Fig. 1 Map of Jiaozhou Bay

Numbers refer to the sampling locations

3. 92 to 6. 94 nmol S/L with a mean of 5. 85 nmol S/1.. As the same , in 1994 DMS concen-
trations increased in spring, ranging from 3. 60 to 8. 97 nmol S/L with a mean of 6. 58 nmol
S/L, then DMS concentrations decreased in autumn ranging from 1. 24 to 3. 29 nmol S/L
with a mean of 1. 34 nmol S/L.

Table 1 DMS concentrations (nmol S/L ) in the Jinozhou Bay

Station Winter Spring Summer Autumn Spring Autumn
1993,1 1683,5 1993,7 1993,10 1994,.4 1994,9
1 no data 6.76 4.08 3.29 8.76 1. 69
2 0. 90 3.92 6.16 3.35 7.79 3.16
3 0. 50 6. 40 no data no data 6. 74 3.20
4 3. 69 6. 32 no data no data 8.97 1. 24
5 0,98 4,61 no data no data 5. 44 1. 1%
6 0. 85 6.94 3.27 no data 7.02 2.00
7 no data 5.87 no data no data 3.60 1. 37
8 no data 6. 06 no data no data 4.34 1.52
Avg. 1. 40 5.85 4.50 3.32 6.58 1. 94

A seasonal variation of the oceanic DMS was served in the Jiaozhou Bay with a maxi-
mum in spring and a minimum in winter (Table 2). In 1993 DMS concentrations varied by a
factor of 4 between spring and winter, with mean concentrations of 5. 85 and 1. 40 nmol S/
L, respectively. DMS concentrations in each sampling station also showed obvious seasonal
variation. Difference in DMS concentraticns among the sampling stations even in the same

season may be due to the difference in the phytoplankton production and species.
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Table 2 Sea-to-alr flux of DMS in the Jiaozhou Bay

Station Winter Spring Summer Autumn Spring Autumn
1693.1 1993,5 1993,7 1983,10 1994,10 1894,9
T 4 10 24 2¢ 10 24.2
D, x107¢ 0. 527 0. 676 1.105 0. 971 0. 676 1.112
K 1.215 0. 93¢ 0. 781 i.256 1.212 1.063
C 1. 40 5.85 4.50 3. 32 6.58 1.94
F 1. 70 5. 49 3.51 4.17 7.97 2. 06

Notes: sea water temperature (T, 'C), coefficient of molecular diffusion of DMS (D, 107%, em?/s), exchange cansrant

(K, m/d), DMS concentration (C. nmol $/L), and sea-tc-air flux of DMS (F,umol/(m?, d))

It seems that DMS produced by biological activity phytoplankton and zooplankton in
surface seawarter were consisient with phytoplankton activity. Fig. 2 shows the primary pro-
ductivity of phytoplankton as well as chlorophyll-a concenirations as phytoplankton biomass
in the Jiaozhou Bay (Guo, 1992). It is evident that when phytoplankton blooms in spring,
high DMS concentrations are measured, however, when phytoplankton declines, minimum
DMS concentrations are observed.

3.2 Flux of DMS from the ocean to the atmosphere

The model of Liss and Slater (Liss, 1974} was used to predict the sea-to-air flux of
DMS. In this model the flux between liquid and gas phase is determined by the rate of mole-
cular diffusion across a stagnant film with the thickness Z. The concentrations in the gas and
liquid phase are C, and C,, respectively. The transfer rate is determined by the exchange
constant K;

F=K({,/H —-C) =D/Z(C,/H —CD.
where, F is Henry’s law constant ; D is coefficicnt of molecular diffusion of gas in stagnate
layer. In the case of DMS, the atmosphere is highly under saturated with respect to the co-
existing sea water ( H=0. 3 g per cm® air/ g per cm® water), so that C,/H <{<{ (), and thus
F=—KXC,.

Different approaches have been used to obtain the exchange constant K. Here Kromer
method (1978) 1s applied. Based on field experiments with the radon method, Kromer gives
a bilinear function for the dependence of Kg, on V'

K = 0075 X V (0<<V < 4m/s),
Kep =0.72(V—4) 4+ 0.3 (V>4 m/s),

The exchange constants obtained by this method for radon were then converted. Assum-
ing that the salinity of sea water in the Jiaozhou BRay is 30%, , and averages of wind velocity
measured for several years are applied to estimate DMS flux (Fig. 2). Tt was evident that a
seasonal variation of the sea-to-air flux of DMS was observed with a maximum in spring and

minimum in winter in the Jizozhou Bay(Table 3).
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Fig. 2 Chlorophyl-a concentrations (mg/m?}), primary
productivity (mg C/(m?% d) and wind velocity
{m/s) in the Jiaozhou Bay

Table 3 Comparison of DMS concentrations and fluxes with North Pacific data(Bates ef al. , 1937

Region Time DMS conc, , Flux.
nmol S/L pmol/ (m?, d)

M. Pacifie, 35— 50°N MNov. — April Q. 66 Z2.21

N. Pacilic, 20—35"N Nov, — April 0. 72 2.15

Jizozhou Bay Dec, —Feb. 1. 40 1. 70

Jiaozhou Bay March—May, 5. 85/6. 58 5.49/7. 97

N. Pacific, 35—50°N May— Oct, 2.22 4. 96

N. Pacific,20—35°N May-(jct. 2.15 5. 1¢

Jiaozhou Bay June— Aug. 4. 50 3.51

Jinozhou Bay Sept. —Nav. 3.32/1. 94 4,17/2.06

4 Conclusions

The estimated fluxes in the Jiaozhou Bay are compared with the values reported in the
literature by Bates et al. (Bates, 1987) in Table 3. The conclusion is that DMS fluxes from
the Jiaoczhou Bay are close to values for the North Pacific in the zone 20—50°N, The fluxes in
the Chinese waters are slightly higher than the North Pacific values, probably because the
rate of primary production in the Jiaozhou Bay is higher than that in the other seas in this
temperature zone. Furthermore the average values for the Chinese waters are clearly influ-
enced by strong maximum in the spring due to a strong development of phytoplankton in this

period.
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