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The annual emission of sulfur gases (H2S and COS) from different tidal flats in the Yellow River Delta, China were
studied from February to December 2013 by using static chamber-gas chromatography technique. The result showed
that the annual emissions of H,S and COS were featured with obvious seasonal variations. For the full year, the high
tidal flats, middle tidal flats and low tidal flats were all the emission sources for H,S, and the range was on the order of
0.14-7.31 pg'm?-h’, 0.22-6.38 pg-m2-h* and 0.23-8.80 ug-m2-h! respectively, and the means were 3.37 ug'm?2-h-1,
1.98 ug'm2-h* and 3.29ug-m2-h* respectively. For COS, the high tidal flats were also the emission sources, while the
middle tidal flats and the low tidal flats were the sink, and the range was on the order of -1.16-2.52 pg-m2-h, -3.32-
1.25 pg'm?-ht and -5.53-1.78ug-m?-h respectively, and with means of 0.68 pg:m?-h*, -0.09ug-m?2-h** and -0.17
ug-m2-h? respectively. The annual emissions of H,S and COS from the different tidal flats in the Yellow River Delta
China were significantly affected by the annual seasonal variation, and the emissions of H.S and absorptions of COS
from the different tidal flats were mainly concentrated in the growing season of plants (from May to October). In the
different tidal flats areas, the annual emission amounts of H,S and COS were also different, among which H,S was
manifested as low tidal flats > high tidal flats > middle tidal flats, and COS as high tidal flats > low tidal flats > middle

tidal flats.
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INTRODUCTION

\olatile sulfur gases were an important part of
the sulfur cycle in nature, it had a great impact on
the environment and was closely related to acid
deposition, the greenhouse effect, aerosol formation
and other processes [1, 2]. Sulfur gases emitted
from the nature were one of the main sources of
sulfur gases in the atmosphere. According to the
estimates the sulfur gases from natural sources were
equal to such gases from human activities [3, 4].
However, the greater spatial, and temporal
variability, of natural sources of sulfur gases
emission, coupled with limited monitoring data, has
brought great uncertainty to the global sulfur
budget [5, 6]. Wetlands were one of the most
important natural sources of sulfur emissions, and
sulfur gases emitted from wetlands were generally
one, or several orders of magnitude higher than
those emitted from inland due to their unique
natural and ecological conditions [7]. Scholars had
researched on the emission fluxes of sulfur gases,
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its effect factors and its emission mechanism in
freshwater marshes, salt marshes, coastal waters
and different types of wetlands [8-15].

The researches have shown that the emissions of
sulfur gases from the wetlands had greater spatial
and temporal variability, and the kind of sulfur
gases emitted from the wetlands were mainly
hydrogen sulfide (H.S), carbonyl sulfide (COS),
dimethyl sulfide (DMS), carbon disulfide (CS>),
mercaptanes (MeSH) and dimethyl disulfide
(DMDS), and so on [8-11,13, 16]. Among them,
H>S was highlighted by a higher emission flux in
the saline wetland along inshore areas and seashore
[17], and was also closely related to carbon
mineralization and methane emissions [18-21];
COS was a kind of reduced sulfur compound with
the highest abundance in the atmosphere [22] and it
was controversial in understanding about its
source/sink [23]. Sulfur gases were released mainly
from the decomposition of organic matter and
sulfate reduction, and its emissions rate was
affected by many factors, such as temperature,
tides, redox potential, vegetation type, and so on
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[3,9,10,13,24].

The Yellow River is well known as a sediment-
laden river, and the Yellow River Delta are China's
best preserved, and largest warm temperate, nascent
wetlands, and are also a typical estuarine wetlands.
They are an important bird habitat, breeding
ground, transit station, with a classic permittivity,
fragility, rarity and are of international importance.
The Yellow River on average delivers an annual
input of 1.0 x 10°% of sediment into the estuary, with
about 45% of the deposition in the coastal zone.
This provides the material basis for the
development of tidal estuaries. The re-shaping
caused by the frequent swings and marine dynamics
of the Yellow River tail forms the Delta's broad
tidal wetlands. With a total area of about 964.8km?,
accounting for 63.06% of the total area of the
Yellow River Delta [25]. This area is one of the
important ecological zones of the Yellow River
Delta. Under the interactive influence of tides,
overflow and other marine dynamics along with
estuarine runoff, sediment and other land-based
forces, the difference in intensity among these
forces and the varying lengths of flooding time,
give the Yellow River Delta coastal tidal area an
obvious horizontal belt character, forming parallel
high, middle and low tidal flats in a seaward
direction [26]. This is accompanied by a succession
of typical natural biomes. From the low tidal flats
to medium tidal flats to high tidal flats, it is mainly
Suaeda salsa communities, Suaeda salsa-Tamarix
chinensis communities and Suaeda salsa-
Phragmites australis communities that are
successively encountered (Xing, et al. [27]). This
parallel-shaped distribution of low mass and
vegetation, pulsing  the impact of land-sea
interaction inevitably, cause differences in the
biological substances circulating throughout the
sub-tidal zone wetland ecosystem, thereby affecting
the stability of the wetlands so that their appearance
and structure are always in flux.

Current research on the biogenic elements cycle
in the tidal flats of the Yellow River Delta China
mainly focused on the accumulation and
distribution features of plant elements (C, N, P, S
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and trace elements) [28,29], distribution of
elements in soils [30,31] and greenhouse gas
emissions [31-34]. To date, the studies on the
emissions of sulfur gases from the tidal flats in
Yellow River Delta china were still lacking, so the
paper was to determine the annual emissions of
sulfur gases from the different tidal wetlands in
Yellow River Delta China by using static chamber-
gas chromatography technique, so as to provide
essential data for evaluating the influence of sulfur
gases emission on atmospheric environment,
understanding the relationship  between the
emission of H.S and CH,4 and further studying on
the sulfur cycle in the natural wetland of the Yellow
River Delta, China .

1. MATERIALS AND METHODS
1.1 Site study

This study was conducted from February to
December 2013 at the typically experimental plots
located in the Nature Reserve of Yellow River Delta
(37°35'N~38°12'N, 118°33’E~119°20'E) in
Dongying City, Shandong Province, China. The
nature reserve is of typical continental monsoon
climate with distinctive seasons; summer is warm
and rainy while winter is cold. The annual average
temperature is 12.1°, the frost-free period is 196
days, and the effective accumulated temperature is
about 4300 °. Annual evaporation is 1962 mm and
annual precipitation is 551.6 mm, with about 70
percent of precipitation occurs between June and
August. The soils in the study area are dominated
by intrazonal tide soil and salt soil, and the main
vegetations include Phragmites australis, S. salsa,
Triarrhena sacchariflora, Myriophyllum spicatum,
chinensis and Limoninum sinense [27].

The typical experiment area was selected in the
coastal tidal wetland situated at the north of the
mouth of the Yellow River. In the typical
experiment area, the 3 typical sample points
including high tidal flats ((37°46/7.25"N,
119°09/55.54"E), middle tidal flats (37°46/11.62"N,
119°0956.09’E) and  low  tidal  flats
(37°46'15.95"N, 119°09'57.44"E) were selected,
and it’s vegetation distribution was continuous, and
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the vegetation of high tidal flats, middle tidal flats
and low tidal flats was Suaeda Salsa-Phragmites
australis, the Suaeda Salsa-Tamarix Chinensis and
Suaeda Salsa community respectively. Three
repeated monitoring points were distributed in the
each tidal flats, and the total monitoring points were
9, and the gas samples were collected every month
or every two month, each sampling period was at
8:00-10:00am.

1.2 Collection and analysis of gas samples

Gas samples are collected with closed chamber
method [24]. The chamber was made of
polycarbonate with an internal height of 100cm,
covered an area of 0.25m? (50cm in length and 50
cm in width) of test field. Each chamber, in the
internal top had a small fan for mixing the air. To
avoid disturbing the soil, the chamber were placed
on a stake driven into the soil installed in December
10, 2011, meanwhile the boardwalk were installed
for minimizing disturbance to the test field during
sampling. Four gas samples of the chamber air were
collected into a 1000ml Tedlar bag by a small
sampling pump at a flow rate of 2000 ml.min* at 0,
20, 40 and 60 min after the chamber was set up.
The sulfur fluxes were determined by measuring
the temporal change of the concentration in the air
inside the chamber. Therefore a positive values
refers to the emission from the wetland to the
atmosphere and negative values to the absorption
into the plants and soil of wetlands.

The concentrations of H,S and COS were
determined as described in detail by Li et al. [24].

1.3 Statistical analysis

Data graphics are made available with Origin7.5
and statistical analysis is developed with SPSS13.0.

2. RESULTS AND DISCUSSION
2.1 Annual emission characteristics of sulfur
gases from the different tidal wetlands in Yellow
River Delta, China
2.1.1 Annual emission characteristics of sulfur
gases from the high tidal flats. The high tidal flats
are located between the high tide level and neap
tide level, with a width in the range of 1-9 km

range. It is mainly composed of Suaeda salsa-
Phragmites australis communities. The annual
emissions of H,S and COS were shown in Fig.1,
the annual emissions of H>S and COS from the high
tidal flats both showed significant seasonal
variation (Fig.1), and the annual emission range of
H2S was 0.14-7.31pg-m™2-h* with a mean of 3.29
ug-m2-h*, and a variation coefficient of 81.7%.
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Fig.1 The annual emissions of H,S and COS from the
high tidal flats.

From February-August, the emission flux of H,S
increased, and peak emissions occurred in August,
and from September to December, the emission
amount of H,S began to decrease. The annual
emission of COS showed alternating emission-
absorption characteristics, and the range of COS
annual emission was -1.16-2.52ug-m?-h*t, with a
mean of 0.68 pg-m?-h?, and a variation coefficient
of 175.0%. From February to May, the emission
amount of COS increased, and afterwards gradually
decreased. Absorption was manifested in July, the
emergence of the absorption peak was seen in
August with the value of -1.16pg-m?-h*. The weak
absorption was shown in September, and from
October to December, the emission flux of COS
took over to release.

2.1.2 Annual emission characteristics of sulfur
gases from the middle tidal flats

The middle tidal flats are located between the
neap tide level and the neap tide low tide level with
a width up to 1-4 km. It is mainly composed of
Suaeda salsa-Tamarix chinensis communities.

These are Suaeda salsa communities with
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transition phases to tamarisk communities or
Phragmites australis communities. In the middle
tidal flats, the annual emissions of H.S and COS
also showed significant seasonal variation (Fig.2).
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Fig.2. The annual emissions of H,S and COS from the
middle tidal flats.

The annual emission range of H,S was 0.22-6.38
pg-m?2-hl, with a mean of 1.98ug'm™ 2-h*, and a
variation coefficient of 93.8%, as an H.S release
source. From February to August, the emission
amount of H,S showed an increasing trend, and
appeared the emission peak in August, then the
emission amount of H,S gradually decreased, and
the lowest value appeared in December. The
emission amount of COS was in the range of -3.32-
1.25 ug-m2-h?, with a mean of -0.09ug-m2-h*, and
a variation coefficient of 732.2% with large
variability. From an annual point of view, the
middle tidal flat was a weak sink for COS. The
variation of COS emission showed fluctuations,
among which, the emission amount of COS
manifested from February to June, then volatile
absorption was seen from July to September, and
the absorption peak (-3.32 pg-m2-h) appeared in
July, and from October to December, COS
emissions were seen again, while the emission
amount of COS decreased.

2.1.3 Annual emission characteristics of sulfur
gases from the low tidal flats. The low tidal flats
are located between the neap tide low tide level and
the low tide level. The low tidal flats are narrow
with an average width of 0.5-2 km. They are mainly
composed of Suaeda salsa-Phragmites australis
communities which are succession pioneer
communities in the Yellow River Delta wetlands.
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The annual emissions of H,S and COS from the
low tidal flats had a clear seasonal variation (Fig.3),
in which the emission range of H.S was from 0.23
pug-m?2-h? to 8.80 pg'm?2-ht, with a mean of 3.37
ug-m?2-h, and a variation coefficient of 85.7%, as
an HaS release source.
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Fig.3. The annual emissions of H,S and COS from the

low tidal flats

The emission mode of H,S was a single peak,
and from February to July, the emissions amount of
H>S increased gradually until the peak discharge
manifested in July, and from July to December, the
emissions amount of H,S gradually decreased.
While the annual emission of COS showed
alternating emission-absorption characteristics, and
the range of the COS emission amount was -5.53-
1.78 pg-m?-h*, with a mean of 0.17 pg-m?-h*, and
a variation coefficient of 506.4% which showed a
large amount of variability for COS emission. From
February to June, there were emissions of the COS,
but there was little change in the emission amounts.
From July to September, absorption of COS was
manifested, and the absorption peak occurred in
July, as -5.53 pg-m?2-h?, then weak emission was
also manifested from October to December and the
emission amount decreased.

2.2. Comparison of the annual emissions of sulfur
gases from the different tidal flats in the Yellow
River Delta, China

Previous studies have indicated that the sulfur
gases emissions from wetlands were significantly
affected by annual and seasonal changes, as well as
plant growth [10,11]. Looking at the full year,
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temperature was relatively high from May to
October in the Yellow River Delta, china, and this
was also growth season for plants. From November
to the following April, the temperature was
relatively low, and it was the season when plants
are dying off, a non-growing season. We calculated
the average emission amounts of H,S and COS
from the different tidal flats in the plant growth
season and non-growth season according to this
division (Table 1). From Table 1 we can see that the
averaged emission amounts of H,S from the high
tidal flats, middle tidal flats and low tidal flats in
the growing season were 6.4, 4.1, and 4.9 times
higher than that in the non-growing season
respectively. It can be seen that H,S emissions were
mainly concentrated in the growing season. For the
COS, the averaged emission value in the high tidal
flats showed emissions in both the growth and non-
growth seasons, in the growing season, although
there was periodic absorption in high tidal flats, its
absorption capacity was less than the middle tidal
flats and middle tidal flats, resulted in overall
emission in the plant growing season. While the
middle tidal flats and low tidal flats were different
from the high tidal flats, and they showed
absorption in the growth season and emission in the
non-growth season which was well agreed with the
results of Fall [36] and Whelan et al. [13].

From an annual perspective, the averaged
emission amount of the H,S from the low tidal flats
was the highest (3.37 ug'm2-ht) which was related
to the low tidal flats near the sea and effecting
strongly by tidal, followed by the high tidal flats
(3.29ug-m?-hY) and the middle tidal flats (1.98

pg-m2-h1). In terms of COS, the averaged emission
amount from the high tidal flats was the highest
(0.68ug-m?-ht), followed by the low tidal flats
manifesting absorption, and that from the middle
tidal flats was the lowest with weak absorption. The
reasons for the different H.S and COS amounts in
each tidal flats may be related to differences in
research samples in terms of vegetation type, soil
matrix, hydrothermal interaction and salinity
conditions, or other relevant conditions. There is a
need to explore these areas in future studies.

3. CONCLUSIONS

The emissions of H,S and COS from the different
tidal flats in the Yellow River Delta China were all
shown with obvious seasonal variations. For the
full year, the high tidal flats, middle tidal flats and
low tidal flats were emission sources for H,S, and
the range was on the order of 0.14-7.3ug-m?-h*,
0.22-6.38 pg-m?h'! and 0.23-8.80 pg-m?-h?
respectively, and with means of 3.29 pg:m?2-h-,
1.98ug'm?2-h?* and 3.37ug-m?2-h* respectively. For
COS, the high tidal flats manifested emissions,
while the middle tidal flats and the low tidal flats
manifested absorption, the range was on the order
0f-1.16-2.52 ug'm?2-h?, -3.32-1.25 pg'm?2-h' and -
5.53-1.78ug-m2-ht respectively, and with means of
0.68 ug'm?-h?, -0.09ug-m?2-h? and 0.-0.17 pg'm
2.h respectively.

The H,S and COS emissions from the different tidal
flats in the Yellow River Delta China were
significantly affected by annual seasonal variation,
which caused that H,S emission and COS

Table 1. The average emission flux of H.S and COS in plant growing season and non growing season from different
tidal flats in the Yellow River Delta China.

Average Emission Fluxes (ug'-m2-h")

Sulfur gases Time

High tidal flat Middle tidal flat Low tidal flat
Growing Season
(May-October) 4.97 2.84 4.93
H2S Non-growing Season
(November-April) 0.78 0.69 101
Annual Average 3.29 1.98 3.37
Growing Season
(May-October) 0.55 -0.48 -0.90
COoS Non-growing Season
(November-April) 0.89 0.50 0.92
Annual Average 0.68 -0.09 -0.17
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absorption were mainly concentrated in the
growing season. In different tidal wetland areas,
H,S and COS emission amounts were different,
among which H,S was manifested as low tidal flats
> high tidal flats > middle tidal flats, and COS as
high tidal flats > low tidal flats > middle tidal flats.
The differences may be related to vegetation types,
tidal action, the soil matrix, hydrothermal
interaction, salinity conditions, or other relevant
conditions. Future in-depth studies are required.
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FOAMIIHA EMUCHHA OT CAPA-CBABPXKALLN I'A30OBE B IIPMJIMBHUTE IVIMTYUHN B
JEJITATA HA XBJITATA PEKA, KUTAU

JIu Keunxya®”, Cynn XKurao?, I'yo Xonrxaii®, XKy XKennun!

D Uuemumym no ysmoiivusopazeumue Ha 3emedenuemo Llanoonz, JKu Han 250100, Kumaii
AKnouoea nabopamopusl 3a exono2uuni npoyecu 6 Kpatibpexcuume 3onu, Hucmumym 3a usciedeéanus 6
kmatiopexcuume 3onu 8 Auma (YIC), Kumaiicka akademus na naykume, Anma 264003, Kumati
3 Uncmumym no pecypcu u okonna cpeda, Llandonz’cka axademus no semedencku nayku ( SAAS), Ilanoone, Ku Han,
Kumari

Tlocrermna Ha 12 mait, 2014 1.
(Pesrome)

WzcnenBanu ca TOMUIIHUTE €MICHU Ha Csipa-ChABPIKAIIN ra3oBe (CEpOBOMOPOI U KapOOHHUII-CYA(PHI) OT Pa3TUIHI
NPWIMBHY IUIMTYMHU B JenTara Ha JKbarara peka 3a mepuona ot ¢espyapu no nekemspd, 2013 T. ¢ momomra Ha
CTaTHYHO NpoboHabMpaHe U ra3-xpomarorpadcka TeXHHKa. PesynraTture noka3saT HaOMIOAaeMHU CE30HHH KOIeOaHus Ha
W3CIIC/IBAHUTE BEIIECTBA. 3a LEIOTOAMIIHUS MEPHOA M3TOYHHK HAa CEPOBOJOPOJ Ca BHCOKHTE, CPEIHHUTE W HHUCKUTE
WIMTYMHA. VIHTepBanuTe OT KOHLEHTpPAlUM ca oT nopsaabka choreetHo 0.14-7.31 pug-m2-h?, 0.22-6.38 pg-m?-h! u
0.23-8.80 ug-m2-h, karo cpennure croitnoctu ca 3.37 pg-m?2-h-!, 1.98ug-m2-h"t u 3.29ug-m2-h"l. 3a kapGouun-
cyaduma, BUCOKUTE IUINTYMHK Ca U3TOYHHK HA 3aMbPCSBAHE, JOKATO CPEAHUTE M HUCKHTE Ca MO-CKOPO KOHCYMATOPH,
IpU KHUEHTpauuu oT mopsabka Ha -1.16-2.52 pg-m2-h?, -3.32-1.25 pg-m?-h! u -5.53-1.78ug-m?2-h"t.Cpennure
CTOMHOCTM Ha KOHLEHTpauure ca chorsetHo 0.68 pg-m?2-h?, -0.09ug-m?2-ht u -0.17 pg-m2-h, Tonmmuure emucuu
Ha CEepoBOJOPOI M KapOOHWI-CYI(UI OT pa3iMYHUTE NPWIMBHH IUIMTYMHH B Aeirara Ha JKbiaTaTa peka ce BIUSAT
3HAYUTEHO OT TOIHMIIHUTE CE30HHW KoJieOaHWs, KaTo eMHUCHHTE Ha CEPOBOIOPOA M KapOOHHI-CYA(UA ca IIaBHO B
HepHoAa Ha pacTHTENCH pacTe (0T Mald IO OKTOMBpH). B pasnu4HHTE IUIMTYMHU TOAMINHHMTE EMHCHU Ha J(BaTa
3aMBPCHUTENS Ca Pa3iIMYHH, KaTO CEPOBOJOPOABT CE MPOSABSIBA HA-MHOTO B HUCKHTE, IIOCJIC BEB BUCOKHTE U HaKpas B
cpenHuTe IWIMTYMHE. KapOoHMI-CynunbT Hail-MHOTO ce IPOSIBSBA BEB BUCOKUTE INIUTYHHH.
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