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Abstract The concentrations of organic carbon (OC) and elemental carbon (EC)
in total suspended particle (TSP) were investigated at NybAlesund. Svalbard in a
two-week campaign, The levels of OC and EC are 0. 86 £0. 27 pgm™3 (mean=*
standard deviation) and 0. 1940, 10 ugm ™3, respectively. Back trajectory analy-
sis of air masses arriving at Ny-Alesund reveals that long-range transport of pol-
luted air play insignificant role in OC and EC levels. to which the potential influ-~
ence of the local contamination were ascribed. The average OC/EC ratio is 5. 41,
suggesting the presence of the secondary organic aerosols. The estimated second-~
ary organic carbon (SOC) in TSP is 0. 59 ug/m?® . accounting for 64 % of the total

organic carbon,
Key words Organic carbon (OC). Elemental carbon (EC), TSP, SOC, Ny-
Alesund.,

1 Introduction

Atmospheric aerosol contains a significant fraction of carbonaceous material,
which makes important role in the environmental, health and climate effects (Turpin
and Huntzicker 1991; Holgate 1995). Commonly, carbonaceous aerosol is classified
into two main fractions, elemental carbon (EC) and organic carbon (OC). Elemental
carbon, also known as black carbon, has a graphic-like structure and is black. In a
global-scale, EC plays significant role in global warming in terms of direct forcing
(Jacobson 2001). In a regional-scale, EC can alter regional atmospheric stability and
vertical motions via heating the air, and affect circulation and hydrologic cycle with
significant regional climate effects (e. g. , China and India) (Menon et al. 2002).
Particulate organic carbon is a mixture of hydrocarbons and oxygenates, containing
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polycyclic aromatic hydrocarbon (PAH) and other compounds with possible muta-
genic and carcinogenic effects (Pandis et al. 1992).

While black carbon is essentially a primary pollutant, emitted directly during the
incomplete combustion of fossil and biomass carbonaceous fuels, organic carbon has
both a primary and secondary origin (Castro et al. 1999). Primary particulate organ-
ic carbon is formed during combustion and emitted mainly as submicron particles
(Castro 1999). The secondary origin of particulate organic carbon is from gas to par-
ticle conversion of volatile organic compounds (VOC) in the atmosphere (Pandis
1992). It is necessary to quantify primary and secondary sources for controlling par-
ticulate carbon pollution since reduction of direct emissions only affects primary par-
ticulate carbon constituents (Larson ef al. 1989).

During the past three decades, there has been increasing interest in the presence
of airborne pollutants in the Arctic region (AMAP 1998). However, quantitative in-
formation concerning the OC and EC in the ambient air, especially the importance of
secondary organic carbon production, is scarce.

This study is aimed to investigate the levels of OC and EC at Ny-Alesund, Sval-
bard, a high Arctic region, and obtain the information of secondary organic carbon
production.

2 Sampling and analysis
2.1 Sample Collection

Aerosol sampling was conducted using a middle-volume bulk aerosol sampler
(Tianhong Instruments, Wuhan, China) at Ny-Alesund (78°55'N,11°56'E), Sval-
bard which has been received intensive attention for its advantage in scientific re-
search (e. g., environmental change and atmospheric contamination). The sampler
was placed about 2 m above the ground. The site was approximately 100 m southeast
of the Chinese Arctic Yellow River Station (Fig. 1) and was operated during the
First Chinese Arctic Station Research Expedition (3 August-18 August 2004). The
sampling period spanned approximately 2-week. Total suspended particle (TSP) was
collected on 90 mm diameter glass microfibre filters (Whatman GF/A glass filters,
Cat, No. 1820 090) at a flow rate of 100 L/min. Sampler was not fitted with a wind
direction controller, and therefore collected air samples only from prevailing wind di-
rections. A continuous sampling period lasted 24h, except 2 samples, which only las-
ted 12 h, due to the weather. All filter samples were retrieved from the sampler with
strict contamination control procedures as outlined by Gao et al. (1996). Filters were
placed and sealed in clean plastic bags and kept at 4°C until lab analysis (Xie et al.
2002). A total of 15 samples were collected. The sampling information is listed in ta-
ble 1. One of samples, namely, Ny-A03, is not used for analysis here because of e-
lectrical power supply failure for unclear reason during the sampling and the loss of
automatically recorded data, such as sampling hours.
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Fig.1 The sketch map of sampling site
2.2 Carbonaceous aerosol analysis

The measurement procedure was reported in detail by Chen et al. (2005). Here
it is briefly described. Portions of filter samples (1.5 cm?) were cut for analyzing or-
ganic and elemental carbon contents (OC and EC) by a thermal-optical carbon analy-
zer (Sunset Laboratory Inc. , Forest Grove, OR) with a modified NIOSH (National
Institute of Occupational Safety and Health) thermal-optical transmission (TOT)
protocol. The punch aliquot of filter was heated stepwise at temperature of 310, 475,
575, and 650°C in a pure helium atmosphere for detecting the OC fraction, and at
temperatures of 550, 625, 700, 775, and 850°C in an oxidizing atmosphere of 2% ox-
ygen (by volume) in a balance of helium for detecting the EC fraction. The carbon e-
volved at each temperature was oxidized to carbon dioxide (CO2) and then reduced to
methane (CH4) for quantification with a flame ionization detector (FID). Some of
OC was pyrolyzed to EC with the temperature increases in inert helium and is sub-
tracted from the elemental carbon amount according to the initial laser absorbance.
At the end of every analysis, a fixed volume loop of methane is injected automatically
as an internal standard to calculate the carbon results. The measurement was per-
formed at the State Key Laboratory of Organic Geochemistry, Guangzhou Institute of
Geochemistry, Chinese Academy of Sciences.

3 Results and discussion
3.1 Thelevels of OC and EC; Local sources of contamination

A summary of the measurement results for the concentrations of OC, EC and TC
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in TSP are given in Table 1. The average OC and EC concentrations are 0. 86 and 0.
19 pg/m?, respectively and the average TC concentration is 1. 05 pg/m3. OC and EC
concentrations in this study are similar to values of 0. 40 pg/m3 and 0. 04 pg/m?3, re-
spectively, found at Mace Head (Castro 1999), which is a remote site apart from
contamination. The daily variations in the OC and EC concentrations were observed.
The coefficients of variances (CVs) for OC and EC are 31.4% and 52. 6%, respec-
tively. The maximum values of OC and EC are 1. 32 and 0. 42 pg/m?®, approximately
3 or 10 times higher than the ones at Mace Head, indicating potential occasional e-
vents of atmospheric pollution occurred in summer at Ny—z&lesund. The pollution is
probably ascribed to the long-range transport of anthropogenic aerosol from southern
latitudes or local contamination.

Geographically, Nyﬁ‘:\lesund lies in the Svalbard archipelago, which is situated
approximately half-way between the North Cape of Norway and the North Pole and is
therefore far removed from major sources of atmospheric pollution. However, since
the first reports of ¢ Arctic haze’ by Mitchell et a/. (1956) studies have shown that
significant long-range transport of atmospheric pollutants to Svalbard can occur and is
thought to originate in the Kola/Karelia region of Russia, Western Europe, and
North America (e. g. , Rahn and Shaw 1982; Beine et al. 1996; Burkow and Kallen-
born 2000). Thus, deposition of atmospheric pollutants on Svalbard has been attrib-
uted to long-range sources.

To investigate the air mass origin during the sampling period, backward trajecto-
ries of air mass were calculated by means of the NOAA developed HYSPLIT4 model
(Draxler and Rolph 2003). The calculations performed here used the NFL meteoro-
logical data, available at the NOAA web site, which cover the whole globe with 1°X
1°resolution and are interpolated from global measurements. The model was run for a
120 h period in time. The results present that the sampling period was mainly charac-
terized by air masses arriving from the polar region (Greenland or high Arctic Ocean)
and the North Atlantic (Fig. 2), which is previously termed as background air with
litter contamination (Eleftheriadis ez al/. 2004). Air mass origin from anthropogenic
emission areas such as Kola Peninsula or Western Russia was not observed. The
long-range transport of anthropogenic source was therefore presumed to play insignif-
icant role in the EC or OC in summer at Ny—;\lesund.

In Svalbard, local mining industries have been presented since the turn of the
century and coal-fired power stations in the Isfjord area (Longyearbyen, Barents-
burg, and Pyramiden) have been operated for at least 40 years (Rose et al. 2004).
Given the great distances from major sources in continental Europe or North Ameri-
ca, these small, industrial point sources within Isfjord may combine to form a signifi-
cant source of emission in this sensitive, low deposition area. Therefore, it may be
that these local sources are not ‘negligible’ as has been suggested in previous studies
(e. g. » Lannefors et al. 1983). It has found that these sources may account for ele-
vated levels of contaminants (e. g. , PAHs, SCPs) in sediments within a radius of 60
— 70 km, which represents a land area of 7000— 9500 km? receiving enhanced deposi-
tion (Rose ez al. 2004). Spheroidal carbonaceous particles (SCPs), which are com-
posed mainly of elemental carbon (EC), are produced from the high temperature
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combustion of fossil-fuels and have no natural sources. In lake sediments SCPs pro-
vide an unambiguous record of industrially derived, atmospherically deposited pollu-
tion. Change in the levels of SCPs and PAHs (semi-volatile organic compounds) in
lake sediments in Svalabrd associated with local contamination thus support this work
findings that local sources pose mainly impact on the EC and OC in atmosphere at Ny-
Alesund in summer.

Fig. 2 Backward trajectories of air mass transport to Ny-;\lesund during sampling period. Trajectories
have been calculated for the point of beginning sampling NyA01(a) and NyAl5(b)

3.2 Estimation of secondary organic carbon concentrations

The ratio of OC over EC concentrations has been used to study emission and
transformation characteristics of carbonaceous aerosol. In general, the values excee-
ding 2. 0 have been used to indicate the presence of secondary organic aerosols (Gray
etal. 1986; Chow et al. 1996).

In this study, the OC/EC ratios vary between 1. 38 and 8. 50 with an overall av-
erage of 5. 41 (Table 1). There are only two samples with low values than 2, 0. The
minimum OC/EC ratio is comparable to the previous results observed at the rural
sites during summer season (e. g. , 1.5 at the Anadia and Tabua rural sites). 86% of
samples have OC/EC values higher than 2. 0 (Table 1), indicating that the presence
of secondary carbon in the Ny—;&lesund atmosphere is common in summer season.
High OC/EC ratio in the Ny—Alesund atmosphere can be explained by a greater incor-
poration of secondary organic carbon as a result of chemical transformation during
long-range transport from the sea, which is revealed by backward trajectories in Fig.
2.
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Table 1. Concentrations of organic carbon (OC), elemental carbon (EC), total carbon (TC) (pg/m?)

and OC/EC
Start Date Duration (h) 0cC EC TC OC/EC

Ny-A01 03/08 24 1.28 0.19 1.47 6.77
Ny-A02 04/08 24 0. 60 0.42 1.02 1.43
Ny-A04 06/08 12 1.32 0.22 1.54 5.96
Ny-AQ05S 07/08 24 0. 98 0,11 1. 09 8.50
Ny-A06 08/08 24 0.75 0,15 0.91 4, 89
Ny-A07 09/08 24 0.63 0.10 0.73 6.17
Ny-A08 10/08 24 0, 44 0.32 0.75 1. 38
Ny-A09 11/08 24 0.91 0.11 1.02 8. 24
Ny-AlQ 12/08 24 0.75 0. 28 1.03 2. 64
Ny-All 13/08 24 0.74 0.13 0. 87 5.76
Ny-Al12 14/08 12 1.21 0.21 1.42 5.71
Ny-Al3 15/08 24 0. 60 0.10 0.70 5.91
Ny-Al4 16/08 24 0.97 0. 24 1.21 3.98
Ny-AlS5 17/08 24 0. 89 0.11 0.99 8. 38
Average 0. 86 0.19 1.05 5,41

STD 0,27 0.10 0.27 2.35
CV(%) 31.4 52.6 25. 7 43. 4

According to Castro et al. (1999), the production of secondary organic carbon
(SOC) can be calculated from the following equation; OCgee = OCiot — EC X (OC/
EC) min » where OCs is the secondary OC (SOC), OC,q: is the total OC (TOC), and
(OC/EC) min is the minimum ratio observed. In this study, the (OC/EC)min ratio, re-
ferred to the average value of the two ratios, is lower than 2. 0.

The estimated SOC ranges between 0. 00 and 1. 04 pg/m3 with an average value
of 0.59 pg/m?3, accounting for 64% of organic carbon concentrations (Table 2). This
implied SOC is an important component of organic particle material (PM), The range
of 47—83% of SOC in organic carbon is comparable to the range of 41 —78% ob-
served in rural or remote sites during summer in Castros study (1999).

Table 2 Levels of secondary organic carbon (SOC) estimated from minimum OC/EC ratios, primary or-
ganic aerosols (OCuim) and the percentage of SOC in organic carbon

SOC(ug/m?) OCprim(pg/m?) Percentage (SOC/OC, %)

Ny-A01 1.02 0.27 0.79
Ny-A02 0.00 0.59 0,00
Ny-A04 1. 00 0. 31 0.76
Ny-A05 0. 81 0.16 0.83
Ny-A06 0. 54 0,22 0.71
Ny-A07 0.48 0. 14 0.77
Ny-A08 0.00 0.45 0.00
Ny-A09 0.75 0.16 0.83
Ny-A10 0. 35 0.40 0.47
Ny-All 0. 56 0.18 0.76
Ny-Al2 0.91 0. 30 0.75
Ny-Al3 0.46 0.14 0.76
Ny-Al4 0.62 0. 34 0.65
Ny-Al5 0,74 0,15 0.83
Average 0.59 0.27 0. 64

STD 0.32 0.14 0. 29
CV(%) 54,2 51.9 45.3




Characteristics of carbonaceous aerosol in a two-week campaign at Ny‘;&lesund 107
4 Summary and outlook

Total Suspended Particle (TSP) samples were collected at Ny—z’?\lesund, Sval-
bard in a two-week campaign during the 2004 summer period. The concentrations of
organic carbon (OC) and elemental carbon (EC) in TSP were measured. The average
OC and EC concentrations in TSP were very low and comparable with the previous
report at the remote or rural areas. Backward trajectories of air mass transport to the
sampling sites indicate that long-range transport of anthropogenic source do not influ-
ence the EC or OC levels during sampling period in summer, which are mainly im-
pacted by local source. Almost all of the samples have OC/EC ratios higher than 2.
0, suggesting the presence of the secondary organic carbon, the amount of which is
estimated to account for about 64 % of the organic carbon. The findings provide an
opportunity to understand the source of pollution and atmospheric secondary pollu-
tion in the high Arctic region.
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