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Antarctica is an important research region for assessing persistence and long-range atmospheric transport (LRAT) of persistent
organic pollutants (POPs). In this study, XAD-resin passive air sampling was conducted near the Chinese Great Wall Station,
Antarctica, during a one-year sampling period in 2009-2010. The air concentrations of polychlorinated biphenyls (PCBs) were at
a very low level, with total PCBs in the range of 26.74-45.08 pg m™. PCB profiles were dominated by tetra-PCBs, tri-PCBs and
di-PCBs, indicating LRAT was responsible for the pollutants in the Antarctic atmosphere. The sampling site near the Chinese
Great Wall Station did not show higher PCB levels than the other sites, suggesting that PCB sources associated with the Great
Wall Station were negligible. PCB-11 is a non-Aroclor congener, which has specific sources compared to other Aroclor PCB
congeners. PCB-11 was observed in all air samples, with an average concentration of 1.22 pg m™. To our knowledge, this study is

the first investigation of PCB levels and distribution in the atmosphere around the Chinese Great Wall Station, Antarctica.
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Antarctica is a pristine area with few human activities. It is
an important research region for assessing persistence and
long-range atmospheric transport (LRAT) of persistent or-
ganic pollutants (POPs) [1]. Atmosphere plays a key role
for the transfer of POPs from source regions to remote areas,
including the Antarctic region. The presence of POPs has
been found in various Antarctic compartments in a few
studies, including the air [2—4], soil [5], plants [6] and ani-
mals [7-10]. One of the most observed POPs in the Antarc-
tic environment is polychlorinated biphenyl (PCB), which
has been produced and used historically in electrical trans-
formers and capacitors. Although the production and appli-
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cation of PCBs has been banned since the 1970s in most
countries, PCBs have aroused continuing attention due to
persistence in the environment, high toxicity and bio-accu-
mulation properties in food webs. Industrial thermal pro-
cesses can also produce and release PCBs into the ambient
air as a byproduct.

Because Antarctica is far from sources, LRAT is consi-
dered as the main factor bringing PCBs to the Antarctic en-
vironment [3]. On the other hand, local sources from An-
tarctic research stations should also be considered in recent
years; increasing scientific research activities and tourism
could put escalating pressures on the Antarctic environment
[2]. Most studies for air monitoring of POPs in Antarctica
used high-volume air samplers. However, the need for
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electricity largely limited their use in truly remote areas of
Antarctica. Since the 2000s, various passive air samplers,
such as the most commonly used XAD-resin [11] and poly-
urethane foam (PUF) disk passive air samplers [12,13],
have been developed and successfully used in the air moni-
toring of POPs in different regions [14—17]. For passive air
monitoring in the Antarctic atmosphere, only Choi et al. [3]
applied XAD passive air samplers, near the Korean Antarc-
tic Research Station.

Although sparse studies reported the presence of PCBs in
Antarctic air, including those at Signy Island [18], the Bra-
zilian Antarctic Research Station [19], Terra Nova Bay [2],
and the Korean Antarctic Research Station [3], PCB data for
Antarctic air was still limited. Since 2009, we carried out
comprehensive air monitoring of POPs in the vicinity of the
Chinese Great Wall Station in Antarctica using high-volume
air samplers, PUFs and XAD-resin passive air samplers. In
this study, we report the air monitoring data from XAD-
resin passive air samplers in a one-year sampling period
from austral summer 2009 to austral summer 2010. The air
concentrations, distributions, as well as potential sources of
PCBs near the Chinese Great Wall Station are discussed. To
our knowledge, this study is the first investigation of PCB
concentrations in the atmosphere around the Chinese Great
Wall Station, Antarctica.

1 Method and materials

1.1 Sample collection

Air samples were collected at four sampling sites near the
Chinese Great Wall Station, Antarctica (S62°12'59",
W58°57'52"), using XAD-resin passive air samplers [11].
The Great Wall Station was built in 1985 and is located on
King George Island of the South Shetland Islands in West
Antarctica. Sampling site SS-1 was the site nearest the
Great Wall Station in this study. Site SS-2 was along the
south seacoast, and site SS-3 was close to the west seacoast.
Site SS-4 was located on Ardley Island, also called Penguin
Island. The map of the sampling sites is shown in Figure 1.
Passive air samples were collected from the austral sum-
mer of 2009 to the austral summer of 2010, during the
XXVI and XXVII Chinese Scientific Research Expedition
to Antarctica. To minimize possible interferences, the XAD
resin was pre-cleaned with ethanol, acetone and hexane,
respectively, before use. After one year of deployment, the
XAD resin was sealed in stainless steel tubes. After transport
to the laboratory, samples were stored at —20°C until analy-
sis. The annual average temperature and wind speed in the
sampling area were —2.8°C and 7.2 m s™', respectively.

1.2 Sample analysis

PCB analysis was performed according to U.S. EPA method
1668A, with minor revisions. Prior to sample extraction in
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Figure 1 Map of sampling sites.

an accelerated solvent extraction (ASE) apparatus (Dionex
ASE 300), the air samples were spiked with 1 ng of isotope-
labeled surrogate standards of PCBs (68 A-LCS, 13C12—1abeled
PCB congeners). After evaporation, the extract was sub-
jected to cleanup in multilayer silica (1 g neutral silica, 4 g
basic silica, 1 g neutral silica, 8 g acid silica, 2 g neutral
silica, 4 g anhydrous sodium sulfate) and carbon columns.
The final extract was concentrated to ~20 uL and spiked
with 1 ng of B, ,-labeled injection standards (13C12 -PCB-9,
52,101, 138 and "°C;,-PCB-194).

The final extract was injected into an Agilent 6890 gas
chromatograph coupled with a Micromass AutoSpec Ultima
high-resolution mass spectrometer (HRMS), which was
operated in selected ion mode with a mass resolution of
10000. A GC column of 60 m DB-5 MS was used for GC
separations. In this study, PCB-77, PCB-81, PCB-105,
PCB-114, PCB-118, PCB-123, PCB-126, PCB-156, PCB-157,
PCB-167, PCB-169, PCB-189, PCB-28, PCB-52, PCB-101,
PCB-138, PCB-153, PCB-180, PCB-11, di-PCBs, tri-PCBs,
tetra-PCBs, penta-PCBs, hexa-PCBs, hepta-PCBs, octa-PCBs,
nona-PCBs and deca-PCBs were quantified. Detailed in-
strument methods can be found elsewhere [20,21].

One field blank and one laboratory blank sample were
analyzed for the purpose of quality control. The blank va-
lues were very low, <20% of the air samples. The sample
recoveries of °Cj,-labeled surrogate standards were in the
range of 35%—67%, which meets the recovery limit of EPA
method 1668A. The limit of detections (LOD), defined as
three times the signal/noise ratio, were in the range of
0.0002-0.002 pg m™ for PCB congeners.

2 Results and discussion

2.1 PCB concentrations in the air

Detailed PCB concentrations in the air are summarized in
Table 1. Because the sampling rate of XAD-resin passive
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air samplers was not strongly dependent on wind speeds and
POPs can remain in the linear uptake stage after a one-year
exposure [11], a sampling rate of 3.5 m® d”' was used for
the calculation of air concentrations in this study. In the
following discussion, the total PCBs represents the sum
concentrations of di-PCBs, tri-PCBs, tetra-PCBs, penta-
PCBs, hexa-PCBs, hepta-PCBs, octa-PCBs, nona-PCBs and
deca-PCBs. The Z; PCBs represents the air concentrations
of indicator PCBs (PCB-28, PCB-52, PCB-101, PCB-118,
PCB-138, PCB-152, and PCB-180). The PCB concentrations

Table 1 PCB concentrations in Antarctic air (pg m )"

SS-1 SS-2 SS-3 SS-4
PCB-77 0.006 0.010 0.006 0.008
PCB-81 n.d. n.d. n.d. 0.004
PCB-105 0.016 0.012 0.012 0.016
PCB-114 0.002 0.002 0.002 0.004
PCB-118 0.034 0.026 0.024 0.036
PCB-123 0.002 0.002 0.002 n.d.
PCB-126 n.d. n.d. n.d. n.d.
PCB-156 0.004 0.002 0.002 0.004
PCB-157 n.d. n.d. n.d. n.d.
PCB-167 0.002 0.002 n.d. n.d.
PCB-169 n.d. n.d. n.d. n.d.
PCB-189 n.d. n.d. n.d. n.d.
PCB-28 0.57 1.08 1.10 0.28
PCB-52 0.068 0.056 0.13 0.21
PCB-101 0.086 0.14 0.32 0.084
PCB-138 0.032 0.048 0.030 0.036
PCB-153 0.028 0.040 0.032 0.040
PCB-180 0.010 0.008 0.010 0.012
PCB-11 0.96 1.59 1.35 0.97
Di-PCBs 491 7.88 6.46 5.31
Tri-PCBs 8.35 18.79 11.48 471
Tetra-PCBs 12.72 9.95 25.75 17.67
Penta-PCBs 0.65 0.92 1.28 0.64
Hexa-PCBs 0.11 0.17 0.10 0.13
Hepta-PCBs 0.022 0.020 0.020 0.032
Octa-PCBs 0.008 0.008 0.006 0.012
Nona-PCBs 0.002 0.004 0.002 0.004
Deca-PCBs 0.006 0.008 0.010 0.016
%, PCBs 0.83 1.40 1.64 0.70
2dI-PCBs 0.066 0.056 0.048 0.072
Total PCBs 26.74 37.76 45.08 37.77
WHO-TEQ pcss 9E-6 7E-6 6E-6 1E-5

a) n.d.: not detectable; X,PCBs represent the air concentrations of
PCB-28, PCB-52, PCB-101, PCB-118, PCB-138, PCB-153 and PCB-180.
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in the atmosphere were at a very low level, with total PCBs
in the range of 26.74-45.08 pg m™ (mean 36.84 pg m™).
The levels of =; PCBs varied from 0.70 to 1.64 pg m, with
mean concentrations of 1.14 pg m™. Sampling site SS-1,
which was close to the Great Wall Station, did not show
higher PCB concentrations than other sites. This result in-
dicates that local PCB sources from the Chinese Great Wall
Station are negligible. A few studies have suggested that
local sources from Antarctic research stations may contri-
bute PCBs to the ambient air [3,19]. For example, waste in-
cineration and dumping were considered local PCB sources
at the Brazilian Antarctic Research Station in the South
Shetlands archipelago, Antarctica [19]. However, human
activities from research stations during the entire year peri-
od could be omitted because most Antarctic research activi-
ties occurred only during the austral summer period. Sub-
sequently, LRAT could be the key factor influencing the
PCB levels in the vicinity of the Chinese Great Wall Station.

The PCB concentrations in this study were similar to the
reported data in the vicinity of the Korean Antarctic Re-
search Station ('}, 50s PCBs: 11.07-30.75 pg m’3) [3], which
is approximately 20 km east of the Chinese Great Wall Sta-
tion. We also compared air concentrations of indicator
PCBs in this study with published data for other Antarctic
sites. These were comparable to PCB concentrations in the
air around Terra Nova Bay (PCB-28: 0.088-0.22 pg m™;
PCB-52: 0.027-0.10 pg m™) [2], but lower than those in the
vicinity of the Brazilian Antarctic Research Station (PCB-52:
8.6 pg m™; PCB-101: 4.9 pg m™; PCB-118: 4.7 pg m™;
PCB-138: 2.6 pg m™; PCB-153: 4.0 pg m™; PCB-180: 0.3
pg m™) [19] and those at Signy Island (¥ ;PCBs: 20.67 pg
m™) [18].

The TEQs of dioxin-like PCBs were based on the 1998
World Health Organization Toxic Equivalent Factors. In the
case of concentrations below the LOD, their values were
taken as zero. The WHO-TEQ of PCBs in this study varied
from 0.006 to 0.01 fg m™, lower than the data from the Ko-
rean Antarctic Station (0.17 fg (WHO-TEQ) m™) [3].

2.2 Homolog profiles

Relative distribution of PCB homologs is important because
physical and chemical properties for each PCB homolog
vary greatly (e.g., Henry’s law constant, vapor pressure and
octanol-air partition coefficient), and these can determine
their atmospheric transport and environmental fate. For
example, the light PCB congeners tend to volatilize and
transport from source regions to remote areas through the
atmosphere, whereas the heavy congeners tend to deposit
and remain in the surface compartment. Figure 2 shows the
relative contribution of PCB homologs. PCB profiles were
dominated by tetra-PCBs (average contribution of 39.4% to
the total PCBs), tri-PCBs (average contribution of 39.0%)
and di-PCBs (average contribution of 18.6%). The heavier
congeners, from hexa-PCBs to deca-PCBs, accounted for
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Figure 2 Relative contributions of PCB homologs.

less than 3% of the total PCBs. The abundance of volatile
PCB homologs in this study confirms the assumption that
PCB composition experiences a global fractionation, i.e.
more volatile PCBs move toward higher latitudes globally.
This result also indicates that LRAT is responsible for the
occurrence of PCBs in the vicinity of the Chinese Great
Wall Station. Similar results were reported at Signy Island
[19], the Korean Antarctic Research Station [3], Terra Nova
Bay [2] and the Brazilian Antarctic Research Station [19].
The homolog of tri-PCBs dominated the PCB profiles at site
SS-2, which contradicts those for other sites. Several con-
founding factors could influence atmospheric PCB levels
and homologs (e.g. the degradation process, air-sea ex-
change, air mass and anthropogenic activities). Sampling
site SS-2 is located on a mountain slope along the seacoast,
whereas the other sites are located in open fields. The
mountain slope can block the wind or air mass from western
sea directions and shield the samplers from sunlight, which
could result in less degradation and be related to specific
PCB homologs for the air sample at site SS-2.

2.3 Occurrence of PCB-11

PCB-11 (3,3'-dichlorobiphenyl) is a non-Aroclor congener.
It cannot be found in commercial Aroclor and Clophen
mixtures [22]. However, it is associated with paint and
pigment manufacturing as a byproduct [23]. In recent years,
PCB-11 has aroused great concern and has been found
ubiquitously in the air around Chicago [23], the Great Lakes
[24], Philadelphia [25], and even in Arctic and Antarctic air
[3]. In this study, PCB-11 was observed in all air samples.
Air concentrations of PCB-11 varied from 0.96 pg m™ to
1.59 pg m™, with a mean of 1.22 pg m™. This result was
lower than data from the Korean Antarctic Research Station
(average 60 pg m_3) [3]. PCB-11 was the most abundant
congener in this study, and showed even higher concentra-
tions than indicator PCBs. The contribution of PCB-11 to
the total PCBs varied from 2.73% to 3.68% in the air
samples. However, the sources of PCB-11 in the Antarctic
air are not very clear, and therefore require more intensive
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investigation [3].

3 Conclusions

In this study, we carried out XAD-resin passive air sam-
plings in the vicinity of the Chinese Great Wall Station,
Antarctica. PCBs can be detected in the air samples at a
very low level, reflecting the pristine state of the Antarctic
air. The PCB concentrations in this study were similar to or
lower than the reported data for other Antarctic sites. The
non-Aroclor congener PCB-11 was observed in all samples,
reflecting its global distribution in the atmosphere. Results
from this study also indicate that local PCB sources from
the Chinese Great Wall Station are negligible, whereas
LRAT could be the key factor influencing PCB levels in the
Antarctic air over a long period.
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