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Abstract During the 2nd Chnese A rctic Research Expedition 20 pair of amos-
pheric sanples were collected on the cruising route fran Shanghai to A retic O cean u-
sing NOAA /ESRL flask sanpling unit M ean concentration of CO, and CH, were ana-
lyzed in different latitude zone fran 30°N to 80°N and the distribution characteristics
were studied M ean concentration of CO, decrease toward high latitude which ndr
cates the uptake effect of CO, by ocean Comnciding with the CH, global distribution
character mean CH, concentration increase fran 45°N to the North Pole region Re-
gional or local airmassmay influence the greenhouse gas concentrations near seashore
in them iddle latitude ( 30°N-45°N).

Key words the 2nd Chinese A rctic R esearch Expedition CO, and CH,, concentra-
tion latitudmnal distrbution

1 Introduction

Fran July 10th to September 26 2003 “Xuelong” scientific expedition icebreaker
executed the 2nd Chmnese A rctic R esearch Expedition (CH NARE 2003). The voyage star-
ted fran Shanghai to Dalian via Y ellw Sea and Bo H ai and the cruising route which is
more than 14000 seam iles fran Dalian to A rctic ocean viaY ellow Sea Sea of Japan Ok-
hotsk Sea Bering sea Chukchi Sea and Canada basin highest latitude of the site which
the icebreaker arrived at about 81°13 57'N ( Zhang 2004).

It is a cooperative project betwween Chinese A cadany of M eteorological Sciences
(CAMS) and Cold and Arid Regions Environmental and Engineering R esearch Institute
Chmese A cademy of Sciences (CAREERT CAS). The amospheric sanples were collected
along the route of CH NARE 2003 and the concentrations of CO, and CH 4 w ere m easured u-
sing gas chranatograph ( GC) and non-dispersive infrared absortbance (NDIR) svstan.
The distrbution of mean concentration of CO, and CH, i different latitudinal zones were
studied n this paper

2 sampling analyzing and data processing
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The air sanpling unit (MAKS) is of the Earth Systan Research Laboratory /N ational
O ceanic and A mospheric A dn mistration (ESRL/NOAA), U SA. The systan consists of a
punp a press gauge control valves and batteries A pairof 2 5 L. glass flaskswas flushed
for about 15 m mutesw ith the anbient air to replace the air mside the contamers fully before
the collection of air sanples The air pressure mside the glass flask is aboutQ 3 am. The
sanpling unitwas mounted on the platfom above the cab of “Xuelong” icebreaker which
was about 30 m above sea level and the sanpling mnletwas 5 m above the platforn. The
w ind speed should be more than 2 m /swhen collecting and the operator should be 15m a-
way downw ind the sanpling site and try to hold his breath when he operated the switches
and valves to elm mate janm ng The sanpling tmeswere usually n themoming (& 00 to
11 20 local tme) m order to collect fully m xed air The latiude longitude sanpling
tine air pressurg tanperature wind speed and direction were recorded w ith each sanple

20 pairs of sanpleswere collected fran July 11th to Septanber 23rd and the latitud mal
range is fran 31°08 850N to 77°33 305N while the longitudinal range fran 121°44 997E
to 160°33 536W. Usually the latitudinal range between tvo adjacent sampling sites was
greater than 2 degrees except one case There were 12 pairs of sanples collected on the
route fran Shanghai to A rctic O cean and 8 pairs on the way back The sanpling sites are
shown n Ficure 1
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Fig 1 Sketchmap of sanpling sites on the rute of the 2nd Chinese A retic R esearch Expedition 2003

Sanples were sent back to CAMS and the concentrations of CH; and CO, were m eas-
ured w ith GC and ND IR systan. The analyzing condition and param eters of the GC system
are described n Table 1

Non-dispersive nfra-red (NDIR) gas analvzer ( Li-cor 6251 LI-COR NC USA)
was used tomeasure the CO, concentrationsw ith a precise of @ 1 Hmol* mol . To elin
nate the mfluence of vapor upon the measure results the air sanpleswere passed through a
vapor trapw ith low temperature ( — 50°C) before pumped into the ND R systan. A Il stand-
ard gases traceable to theWMO scale cane fran the ESRL /NOAA which msures the results
canparable o WMO scale standard
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Table 1 Basic paraneters of the gas chrmom atograph ic systan

Paranm eters Unit

Detector FID

M ain cohmn 2m, Molecular Sieve 5 A (60/80), 1/8 inch O. D.
Pre-cutting column 2m, Porapak Q (50/80), 1/8 inchO. D.
Oven tenperature C 80

Detector tanperature C 250

Carrier gas flow rate ' min' 40

H ydrogen flow rate an’ min ' 40

Synthetic air flow rate an’ min | 450

Sanple flow rate an’ min ' 150

Tie of analysis m in 5

Every sanple was analyzed once and the averaged results of one pair of flasks were
used as the CH, concentration of the sanpling site The differences betveen flasks of one
pair vary fran Q 5 mmol* mol ' 10 & 0 nmol®* mol ' and the mean valie is 3 2 mmol*
mol ' which are close to the precision of the GC system so that allm easurem ent results w ere
kept For CO, measuranent every sanple was analyzed wice and the average result was
considered as the concentration of the sanple The differences of each sanples vary fran
Q 01 Mmol* mol ' 102 3 Bmol* mol ' and mean difference is Q 06 Mmol® mol . The
differences bew een one pair of flasks vary fran @ 01 Bmol* mol ' to 17 5 Hmol* mol .
A ccording to the data select criterion of ESRL/NOAA (Kanhyretal 1985 Conway et al
1988 1994 Thoning et al 1995), sanplesw ith a pair difference greater than Q 5 Hmol
* mol 'were rejected In this study pair difference at sanpling site B and P are 1. 1 Hmol
* mol ' and 17 5 Mmol* mol ', respectively which may not reflect the background con-
dition and were deleted n the final result The CO, concentration at each sanpling site was
calculated by averaging a pair of wo sanples at this site

The sanpling sites are all on the ocean surface and the data selecting process had avor
ded the samples polluted by artificial activities So the results generally represent the back-
ground conditions of the natural distribution of CO, and CH, on the cruise route

3 Results and discussions

Ficure 2 shows the CO, and CH, latitudmal distribution of all sanpling sites on the
cruise route To elin nate the errors ow ing to the uneven distribution of sanpling sites all
sanples were ranged to five latitudinal zones fran 30°N to 80°N according to their latitude
and each zone consisted of 2 to 6 sanples A ll sanples in one latiudinal zone were aver
aged to get amean CO, and CH, concentration of this zone ( Figure 3). In general fran
40°N to the north polar region the CO, concentrations show a decrease trend w ith the n-
crease of latinde which is conversew ith the global distribution of amospheric CO, (‘http //
www. andl noaa gov/ccgg) while it§ comcide with the global CO, distribution of marme
sanpling site (Tans et al 1989 1998). The CH, concentration distribution fran 40°N to
the north is comncide with the global distrbution of amospheric CH, ( http //www. andl
noaa gov/ccgg Tansetal 1998) which ncreasew ith the latitude The CO, concentration
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decrease about 1. 1 Hmol* mol ' with 10 degrees increase i latiude except in the S0°N -
60°N zonewhich the sole wo sanples n this latindinal zonem aybe confused the real back-
ground valie In general the CH, concentration mcrease about 7 2 nmol* mol ' with 10
degrees increase in latiude fran 40°N-80°N zone It notable that the ncrease grads are
not unifom Iy fran 40°N-50°N to 50°N-60°N the CH, zonal averaged concentration in-
crease 13 7 mol* mol ' while the increase grads are about3 6-7. 2 nmol* mol ' beteen
other adjacent latitud nal zones
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Fig 2 Variations of CO, and CH; i different sanpling sites
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Fig 3 Variations of CO, and CH, n different latitude zone
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The decrease trend of CO, concentration could be explaned by the uptake effect of
CO, i the ocean The sea surface temperature at high latitude are cooler and the north pa-
cific and A retic O cean are CO, sink n sunmer ( Takahashiet al 1997 Sabme et al
2004 W angetal 2003 W ang 1999), while at low latitude zone the sea surface tenpera-
ture are higher and the seaw ater is usually act as CO, source (Bates 2006 Jiet al 2003
Chenetal 2004 M K inleyetal 2006 Takahashietal 2006). The air tenperature and
seaw ater tem perature m easured on the cruise route both decrease fran low latitude to higher
latitude also prove this conclision

It§ notable that the CO, and CH, concentration at air sanpling sites i the latitud nal
zone bew een 30°N and 45°N, which are in the continental shelf and m arginal sea area ( e
g sanpling site A-E and R-T'), show no obvious trend as those sites north of 45°N. For
exanple fran site A to E, the CH, concentration mcrease firstly with the ncrease of latr
tude and then decrease northward while the CO, concentrations fran site R to T decrease
fran north to south Fran Figure 1 we can find that all the above sanpling sites are not far
away fran the seashore mfluenced much by human activities and the backward trajectories
analysis( figures are elliptical) also showed that the airmass arrived at those sites were all
fran the neaiby continent and islands It§ reasonable to deduce that the air sanples collect-
ed fran those sites are affected bv regional or local sources such as the Chnese mam land
the Korean Pensula the Japanese islands or san e ships neatby which resulted mn the varr
ation trend of CO, and CH, concentration nconsistentw ith the correspond ing trends north of

45°N.
4 Conclusions

The analyses results of CO, and CH, on the cruise route of Chinese A rctic R esearch
Expedition 2003 indicate that on the sea surface north of 45°N, the amospheric CH, con-
centration ncrease northw ard that is comcidew ith the global latind nal distribution of CH,.
The amospheric CO, concentration decrease polew ard which is reverse w ith the global CO,
latind nal distribution pattem and this phenan enon reflects the critical role the ocean pla-
ying in the global catbon cycle In general the higher latitude ocean acts as a sink of at-
mospheric CO, while at the low latitude the higher concentration of ainospheric CO, maybe
am xlure of the weak source role of ocean and airmass fran mnhabited islands or contnent
M uch more observed data are needed to study the source or sink of different regions in ocean
and the continental shelf
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