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Abstract During the 22nd Chinese A ntarctic Research Expedition (CH NARE-22,

2005/06) , the amogpheric gas samples near the surface were taken on the M illor
Peninaula and adjacent areas, east Antarctica, using Tedlar gas bags The methane
(CH,) concentration andd** C-CH, in those sanpleswere analyzed in the laborairy.

The average value of amospheric CH, concentration on thispeninsulawas (1 87 £0Q

12) x10°°, dlightly higher than the global average CH, concentration The smmer-
tme variation of CH, concentrations showved a large fluctuation, corregponding © the
variation of air tanperatures The averaged ® C-CH, was ( - 38 26 +Q 52) %a CH,
concentrations andd * C-CH, at different sites varied fram 1 74 10 ° © 2 56 x10™°
and fram - 39 31%o 0 - 31 25%., regectively The factors affecting CH, concen-
trations andd ™ C-CH, values have al® been discussd in this study.
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1 Introduction

M ethane (CH,) isan important, reactive greenhouse gas at trace level **'. CH, con-
centration has increased to wice since the industrial rewolution In recent 20—30 years, its
increase rate obviously fallsdovn At present, the global amogpheric CH, concentration is
about 1 8 x10 °'**'. Methane ®urces and sinks have been extensively studied from all
kinds of ecosystanson the globe, indicating that about 70% of CH, is from anthropogenic
surcesand 30% of CH, isfrom natural sources®. A nthropogenic sources include fossil fu-
el combustion, waste landfill, ruminants, paddy fields and biomass burning, etc Natural
ources include wetland, temites and ocean, etc '”’. The mportant sink of amogheric
CH, is the chemical reactionwith OH in the tropopheré® |, and theminor sink is the con-
smption by the water-unsaturated ils and trangportation into the stratogphere ™ .

Recently, the iotopic technology is a repidly developing method for the studies on
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CH, ourcesand sinks™ ™. The CH, fram different sources has different itopic character-
istics due o the itopic fractionation effect The stable itopic values of CH, depend on
the methanogenic processes Thed > C-CH, fram heat effect ©urces ( such as biamass bum-
ing and fossil fuel combustion) generally show's a high value, whereasd ** C-CH, from meth-
anogenic bacteria shovsa low value The value ofd ° C-CH, in amospheric samplesmay be
the mixture of multi-ources Therefore, the information about amogpheric CH, urcescan
be obtained using the itope-tracing technology.

Currently, the data about amogheric CH, concentration and its carbon itopic value
near the land surface in A ntarctica are still scarce During the 22nd Chinese A ntarctic Re-
search Expedition (CH NARE-22) of the austral smmer 2005/2006, air sampleswere
collected on the Millor Peninsula and adjacent areas, east Antarctica In this study, the
CH, concentration andd 13C-CH4 weremeasured, and temporal and gatial variationsof CH,
concentration and itsd ** C were analyzed and discussed

2 Study area and methods
2 1 Study area

The sampling areas are located on theM illor Peninsula and adjacent areas, around the
Zhongshan Station, east Antarctica (Fig 1). Thispeninsula isone of the several main ice-
free areas along the coast of A ntarctica in summer. It has the cold and dry A ntarctic climate
due o the effects of circular cyclone and high pressure fram the A ntarctic continent ****'.
A coording o the meteorological records fran the Zhongshan Station, mean annual air tem-
perature isaround - 10 . Precipitation isabout 250 mm. M ean annual relative humidity
is about 60%. The vegetation is very garse, the biological and chamical weathering
processes areweak and no true il develops in this area due to severe climatic envirorment
and exposed bedrock'*®’.

A nomal observation site for amospheric CH, was st up on the top of a hill (altitude
of about 30 m) to the outhwest of Zhongshan Station (Fig 1, Site4). And the prevailing
wind direction there ismostly outheast Therefore the scientific station has an insignificant
effect on sauch sampling site  In order to campare the temporal variations of amogpheric
CH, concentration and itsd ™ C from different surces, three nomal sites (named as TJ,
AN, GN) were st up inWolongMarsh (Fig 1). The il water contents increased in
turn: site TJwith a thick layer of alga at the bottom; site AV with much alga and continu-
ously flooded; site GV with much moss and alga During most of time every year, Wolong
Marsh is covered with accumulated snov and the ils are frozen A ccumulated show and
frozen oilsmelt, and tundrawetland are exposed every summer (fran December to Febru-
ary) ", In addition, gas sampleswere collected in other potential CH, urce areas such
as Emperor penguin colony, NellaBay, Mochou L ake and TuanjieL ake The air sanplesat
the hilltop (height about 50 m) behind Russian station and L uojiashan Glacier were al®
collected Then, the tamporal and gatial variations of amogpheric CH, concentration near
the surface can be reflected on thispeninaula in the summer. A Il the sampling siteswere il-
lustrated in Fig 1
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e Zhongshan Station vk Russian Progress Station

Fig 1 Study area and air sampling siteson theM illor Peninsula 1 Emperor penguin colony; 2 Saltmarsh of
WolongBeach; 3 Hilltop behind Russian Progress Station; 4 Hilltop behind Zhongshan Station; 5
TuanjieLake; & MochoulLake, 7. NellaBay; 8 Luojiashan Glacier

2 2 Gas sampling

Gas samples at three nomal sites in Wolong M arsh were collected at 2 m above the
land surface from D ecember 23, 2005 to February 17, 2006, using vacuum vials (18 ml)
made in Japan High vacuum inside the vial can maintain for a year at least". At other
sites, 0. 5L Tedlar gas bagswere used to collect gas sanples The bagswere washed with
the local air for five times before sanpling The air sanpleswere sucked fran the outside
through silicic rubber tube installed to the tread pump and stored in Tedlar gas bags (with
polypropylene valves). The sampling height was about 2 m. The sampling timnewas 10 00
and 22 00 (local time) every day to campare the night-day differences of CH, concentra-
tion and itsd °C. The air samples sored in Tedlar bagswere amost stable due o the air-
tight and light-escaped properties of Tedlar bags ™. In total 79 air samples near the sur-
face onM illor Peninsulawere collected during the summer  Some sampleswere eliminated
due to human pollution, and the data for the rest 70 sampleswere analyzed

2 3 Detemination of CH, concentration

CH, ooncentrations in all 70 air sanples were detemined using GC ( Shimazu GC-
12A) with a flane ionization detector (FD). The chromatographic column was2m stain-
less-steel colunn Filling material was5 A molecular sieve The column and detector tem-
peratureswere 80 and 200 , regectively The flov ratesof N,, H, and air were 40
mL- min"*,35mL- min"* and 350 mL- min ", repectively CH, standard gaswaspro-
duced inNanjing Secial Gas Plant The variance coefficient for standard gaswaswithin Q.
1% 0 6% in24 h The method of CH, measurement can be found in a literature™'.

2 4 Detemination ofd™C for CH,

Thed *C value for CH, wasmeasured using Themo Finnigan MA T-253 |topic M ass
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Jectrameter in State Key L aboratory of Soil and Sustainable A griculture, Nanjing Institute
of Soil Science Thismass gectrameter has a fully automated interface for the pre-GC con-
centration (PreCon) of trace gases The procedures are as follovd™ :

The glass bottleswere vacuumized before the gas sampleswere analyzed, and then 100
ml gas sampleswere immediately injected into the bottles If the volune of gas sample is
lover than 100 ml, the inert gaseswithout CH, must be added to make the bottle in nomal
presaure The bottleswith the gas sampleswere installed into PreCon A fter their thresholds
were blovn by He, the valves at both ends of gas sanpling bottleswere opened, and then
the gas sanpleswere blowvn into the cold trap by He The wolatile components (N, O, Ar
CH,) enter into 1000 burning fumace via cold trgps( - 196 ). Therewas an alumi-
nous oxidative pipe filled with three 0 13 mm nickel wires in the burning furace and CH,
was oxidized foming CO, and H,O. The O, fran CH, was collected by another cold trap
and trangorted into the third cold trgp. Then GO, went into the GC and was separated from
other compositions The calibrated standard CO, gaswas injected into the ionic source three
times continuously every 30 seconds Three cups received the ionic flovsof m/z 44[ZC*®
0°0]", m/z45[®C®0°0]" andm/z46[*C°0*0]", repectively The peak intensi-
ty of m/z 44 was controlled within 2V -3V by adjusting the flow rate of reference gas The
Na 2 peak was st as the standard sanple peak The CH, peak occurred at about 870 s
The ratio linewas a positive peak Because CO, reference gas (code, Lab Gas) was cali-
brated, according to the ratios of the GO, peak for the working standard to the intensity for
three ionic flovsm/z 44, m/z 45 andm/z 46, thed *Cpg for O, fram CH, was obtained
relatively to FDB for the international standard The standard deviations for thed **C of CH,
in the compressed airwere +0 196%o through 9 repeated measuraments

3 Reaultsand discussions

3 1 Summer variations of amospheric CH, concentration near the surface on M illor Penin-
aula

CH, concentrations and air temperatures at the observation site on the hilltop behind
Zhongshan Station showed evident variations in the summer (Fig 2). A mospheric CH,
concentrations at 10 00 were low and fluctuated steadily in January, reached the maximum
(about 2 08 x10°°) at the start of February and then dropped quickly in the middle ten
days of February. The concentrations at 22 00 were lowver than the global average CH, con-
centration (1 8 x10°°) at the start of January, reached the maximum (2 05 x10°°) in
the later half of January and dlightly dropped in February. In addition, amogpheric CH,
concentrations in daytime were lowver than those in nighttime in January while the results
were opposite in February The average concentration of all ssmpleswas (1 87 £Q 12) x
10°°, which was slightly higher than the global average (about 1 8 x10™°). Summertime
air temperatures showed a large fluctuation with the date, whereas amogheric CH, concen-
trations showed lag reponse to air temperatures (Fig 2).

During the summertime, amogpheric CH, concentrations in Wolong M arsh showed
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Fig 2 The variationsof amogpheric CH, concentration and air temperature at the nomal site on the hilltop be-
hind Zhongshan Station on theM illor Peninsula Note: The data for air temperature were fran weather
station of Zhongshan Station The gas samplingwas not conducted at 10: 00 before January 10, 2006 and
the datawere lost

great fluctuation (Fig 3). Similar changing trends in the three nomal sampling sites at the
marsh can be observed On the whole, CH, concentrations at site GV were higher than
those at other tvo sites CH, concentrations at site AV reached the maximum (about 2 23
x10°°) during the first ten daysof January, dropped o about 1 92 x10°°, fluctuated be-
tveen 1 9x10°° and 2 0 x 10" ° during the middle and last ten days of January and then
rised in February. Three peaksof CH, concentration at site GV were observed in the first
ten days of January, the middle ten days of January and the first ten daysof February, re-
pectively. The fluctuation of the concentrations at site TJ was snall and wo gnall peaks
gopeared in the first and the middle ten daysof January The average CH, concentration of
all samples inWolongM arsh was (2 05 +Q 10) %10 °, evidently higher than the global
average and that at the site of the hilliop behind Zhongshan Station The air tanperature
shoved the smilar variations at three sites The temperature dropped with the date and
strongly fluctuated in the first ten days of February T-test(AV-GN:t= -2 207,p =0
037; GNV-TJ t=2 596,p =0 017; V-TJ: t =0 211, p =0 835) indicated that the rela-
tionship of CH, concentration betveen AV -GNV and GN -TJ was considered statistically sig-
nificant A ir temperature and CH, emission intensity of different sites inW olongM arsh may
affect atmogpheric CH, concentration near the surface

A mogpheric average CH, concentrations at the sites on the hilltop behind Zhongshan
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Fig 3 The summertime variationsof amogpheric CH, concentrations and air tenperature at three nomal sitesof
WolongM arsh on theM illor Peninsula Note: The data for air tenperature at the different siteswere in
situ obtained using the themameters Themeasurenent time for air temperaturewas smultaneous o that
of gas sampling

Station and in W olongM arsh were all higher than global average concentration (nearly 1 8
x10°°) , which may be due to CH, emission fran lake and marsh, human activity and sea
animal excreta in this area WolongM arsh is situated near the savage of Zhongshan Sta-
tion, and the algae bloamed in the marsh’®*!. Algae and human excrementsmay be im-
portant ources of organic matter in the marsh, which produced and enitted CH, by the
methanogenic bacteria into the local amogphere The in situ measurements of CH, flux in-
dicated that the fluxes ranged from (170 4+68 6) M g- m >- h'' o (182 8+13 5) U g
-m? nh'atsitesaV GV T}, Therefore amogheric CH, concentrations inWolong
M arsh were higher than those on the hilltop behind Zhongshan Station due to high CH, emis
sions fran the wetlands M any lakes distributed on thispeninaula and they may be another
important sources of amogpheric CH, in this region

In addition, the coloniesof Emperor penguins and Adélie penguins are situated in the
northeast of thispeninaula Resultsof measurenent on the Fildes Peninaula, west A ntarcti-
ca, showed high CH, fluxes ((227. 9 £212 9) ug- m - h'') from penguin colo-
nies”*! due o the deposition of a large anount of penguin guana In the austral smmer,
penguin guano could quickly decompose and emit CH, into amogphere under the effects of
microorganisn and high temperaturé®®'. In addition, the rate of CH, production and e
mission could be accelerated by the il freeze-thawving processes TheM illor Peninaula sit-
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uated dovnwind from penguins colonies™® | therefore high concentration amogpheric CH,
there may be partly fram the emnissions of penguin colonies

3 2 Summer variations of amosphericd° C-CH, near the surface on theM illor Peninsula

Averaged ©® C-CH, on the Millor Peninsula in the smmertine was - 38 26%o *
Q 52%o, ranging from - 39%o 0 - 38%a Most ofd ° C-CH, values at 10 00 were slightly
lower than those at 22 00 (Fig 4). Acocording to mass balance characteristic of itope,
carbon stable i®topesof amogpheric CH, were due to the mixture of enriched-lSC-CH4 and
depleted-* C-CH, from different ources or the fractionation of CH, sinks®”’. Stevens®”
measured the global amogheric methane concentration and itsd° C in 1982, indicating
that the average concentration was 1 66 x 10 ° and averaged** C was - 47. 0 +Q 3%a
M ethane concentration (about 1L 87 x10™°) and itsd °C (about - 38 26%o) near the sur-
face [on] the Millor Peninsula were evidently higher than those measured by Stevens in
1982'*".

-35.0
_a6.0L —&— 10:00
el 22:00
ég/ -37.0F
§e n
o -380F %
-39.0F [
~40.0 1 I 1 1 1
05-12-22 06-1-1 06-1-11 06-1-21 06-1-31 06-2-10 06-2-20

Data

Fig 4 The variationsofd* C of amosgpheric CH, on theM illor Peninsula

There are three kinds of important sources of amogheric CH, including biogenic
urces, fossil fuel burning and biomass buming Thed ** C-CH, rangesof those sources are
- 65%0 - - 55%o, - 50%0- - 30%o and - 28%o - 12%o, reectively”’. CH, from bio-
genic urce is depleted in > C while CH, fram fossil fuel burning and biomass buming is
relatively enriched in ©*C. Besides the biogenic ®urces like wetland and penguin colony
(depleted-° C-CH, ) , the anthropogenic sources ( enriched-°C-CH,), such as fossil fuel
burning in scientific station, may affect amogheric CH, concentration and slightly enrich
the *C of CH, on theMiillor Peninsula In recent 30 years from 1982, a large anount of
fossil fuel was conamed in the world and much enriched-" C-CH, was emitted into the at-
mogphere At the sane time, seanal biomass burning occurred frequently in tropic areas
and al® a large anount of CH, was emitted into the amogphere Thes CH, can be trans
ported © the A ntarctic amogphere by amospheric circulation Therefore the enriched-° C-
CH, oould affect the isotopic valuesof CH, near the surface on Antarctica In addition, our
resultsmay indicate the increase of averaged ° C-CH, in global amosphere isdue to CH, e
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missions fran anthropogenic ources

3 3 Canparison of atmospheric CH, concentrations and thei rd*° C values near surface at dif-
ferent sites

Aslisted in Table 1, the CH, concentrations are close to or slightly higher than the
global average (1 8 x10™°). CH, concentrations in human activity areas and penguin colo-
nieswere higher than those at remote inland'*’. The concentrations at Tuanjie lakesidewere
notably higher and the averagewas (2 31 +0 35) x10 °. The averages ofd** C-CH, at
each sanpling sitewere higher than global average ( ( - 47. 0 +Q 3) %o) "*"!, andd “*C val-
ue increased with the concentration

Similarly toMochou L ake, a large anount of skua and other seabird guano has deposi-
ted into the Tuanjie L ake, and the algae grow very well Furthemore a thick layer of sedi-
ments has been fomed at the lake botiom'**’. Recently, high CH, emissions have been ob-
srved from lakeshore wetlands ™. Therefore CH, emission from Tuanjie L ake may be an
important ource for local amogheric CH,. On the other hand, the sanpling sites at Tuan-
jie Lake are situated near the Russian Progress Station Therefore atmogpheric CH, may be
from the emissions of anthropogenic sources at this station (Fig 1). In contrast, the sam-
pling site on the hilltop behind Zhongshan Station is very high at altitude and other sites are
far avay fram <cientific stations, indicating an insignificant effect of anthropogenic activities
on the surface CH, concentration Therefore CH, concentrations at Tuanjie L ake siteswere
much higher than those at other sites A dditionally, the averaged“C value of CH, at Tuan-
jie Lake siteswas the highest of all ssmpling sites, indicating that considerably proportional
CH, may be fran the anthropogenic enissions at the scientific station On the whole, the
3 C-CH, in the amoohere of all the siteswere enriched compared with global average
(- 47.0+0 3%o) ). The enriched-*C-CH, may be from anthropogenic emissions in lo-
cal or global areas Our results alo suggested that the present global amoshericd **C-CH,
might be higher than historical values Temporal and Patial variations of amogpheric CH,
concentration and its carbon iotope in global and A ntarctic areas require further research in
the future

4 Conclusions

The amogpheric CH, concentration and itsd *°C near the surface at different siteswere
measured on theM illor Peninaula and adjacent areas, east Antarctica in the sammer The
following conclusions are drawn:

(1) The average of CH, concentrationson theM illor Peninsulawas (1 87 £Q 12) x
10°°, dlightly higher than the global average value (about 1 8 x10°°).

(2) The CH, concentrations at each site were higher than those at sites of remote in-
land areas, indicating that human activitiesmay affect amogheric envirorment in A ntarctic
areas b sme extent

(3) The averaged™ C-CH, was ( - 38 26 +Q 52) %o on this peninsula during the
summertime of 2005 /2006
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(4) CH, fram anthropogenic sources in the scientific stationsmay affect the istopic

caompositions of aimogpheric CH, on thispeninaula and the present background CH, concen-

tration andd ** C-CH, in the global amosheremay be higher than those during the historical
period

Table 1 The average CH, concentrations andd ™ C at the different sites

The CH, Average CH, 5°¢c A verage
Site sanple concentration  concentration range (%o) e
numbers range( x10°°)  ( x10°°) gel e (%o)

M illor Peninsula in east Antarctica

The hilltop behind

Zhongshan Station 15 174-208 187+012 -3931 -3756 -3826+0052
Emperor penguin island 4 188-217 203+x014 -3920 -3125 -3643%+357
Mochou lakeside 5 179-213 195+*015 -3900 -3698 -38328%095
Tuanjie lakeside 2 206-25 231+*035 -3559 -3230 -3395%+2 33
Zhongshan savage outlet 3 175-208 192+017 -3857 -3837 -3845+011
WolongM arsh 41 190-226 2050 10

Fildes Peninsula in west Antarctica’

Ebb algae znes 8 237-202 212+0 12

Penguin activity zones 19 184-248 2080 16

Human activity zones 23 184-209 2020 09

Remote inland area 14 173-184 178%0 05

Moss nes 54 155-184 1720 03

L ichen znes 10 165-177 172+004

" The data of amogheric CH, concentrationson the Fildes Peninsula , west Antarctica was cited from litera-

turd ™
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