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Nitrogen dioxide (NO,) levels in Antarctica were monitored to determine background levels
and distribution profile. The NO, levels were higher than those reported from tropical
remote areas. The NO, concentrations gradually increased proceeding from the edge of the
continent to the polar region, suggesting global pollutant transportation. To avoid artificial
contamination of the data, a sled was used because motor vehicles discharge high levels of
NO,.

NO, tubes and filter badges were selected as monitoring devices because of their convenience
of transportation in Antarctica. They are small in size, light and easy-to-handle, and usually
employed in personal NO, exposure measurements. Because of severe Antarctica climate,
the devices needed to be protected from the bitter cold. For that purpose, we designed an
insulation container to shield the devices.

The fixed NO, monitoring site was Patriot Hill, located on the coast of the Weddell Sea.
We also measured NO, concentration along the expedition route from the fixed site to
the South Pole, along with the 80 degrees west longitude. The survey periods were during
November 1992 and January 1993. NO, concentrations in Antarctica ranged from 1.0 to 2.8
ppb, which were relatively higher than previously reported background concentrations. The
NO, concentrations increased when nearing to the South Pole, supporting the theory that
atmospheric circulation converges in the polar regions. This indicated that air pollutants
discharged in populated regions were widely spread to isolated areas, like the South Pole.
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INTRODUCTION

Nitrogen (NO,) levels in Antarctica were
monitored reveal background levels and
distribution profile. Since there are no
significant emission sources in Antarc-
tica, all pollutants must be discharged and
transported from populated continents. In
Japan, air pollution by sulfur oxides has
caused chronic obstructive lung diseases
since the early 1960’s. The annual average
concentrations of sulfur dioxide have gradu-
ally declined from a peak of 0.059 ppm
in 1967 to 0.011 ppm in 1991 by adapting
various mitigation measures. On the other

hand, the concentrations of nitrogen dioxide
(NOy) have been unchanged or even slightly
increased [4]. NO, is well known because of
its adverse effects on pulmonary function.
Chronic exposure to NOy, even at low levels,
may threaten public health as shown in
many epidemiological studies [17]. We have
reported the relationship between the levels
of personal exposure to NO, and respiratory
illness in Japan [3, 11, 12, 19], Hong Kong
[8], and Brazil [5].

Atmospheric nitrogen oxides are dis-
charged during combustion processes. The
ma jor sources of NO, are industrial and
motor vehicles. In Antarctica, however, such
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sources do not exist. Information concerning
NO, concentrations in Antarctica would be
important and useful in helping to evaluate
air pollution problems in Japan.

Our group, the Private Japanese Ant-
arctic Expedition (PJAE), carried out an
environmental survey proceeding from the
shore of the Weddell Sea to the South Pole
(80 degrees west longitude) and in Patriot
Hill during the period from November 1992
to January 1993. This paper describes dis-
tribution profile of NO, concentrations in
Antarctica and evaluates the performance of
specially treated NO, tubes and filter badges
under extraordinary climatic conditions.

MATERIALS AND METHODS

(1) NOy measuring devices

Since the NO, measuring devices were
to be transported by sleds, the devices had
to be small in size, light weight and easy-to-
handle. These criteria were met by the NO,
filter badges (5 X 4 X 1 cm, 15 g) [18] and
cylindrical NO, tubes (1 cm in diameter and
10 cm long, weighing 30 g) [13]. To collect
NO,, the filter badges contained absorbent
paper and the NO, tube used silica gel. These
media were soaked with triethanolamine
(TEA), which reacts with NO, as follows [9],

9NO, + 2N (CH, CH, OH); — N (CH,
CH, OH), (CH, CH, ONO) + N (CH, CH,
CH,),(CH, CH, ONO,) + H,0

The amounts of NO, collected were
quantified by measuring absorbance after
developing color with the Saltzman reagent.

(2) Protecting devices from very low tem-
peratures

Even during the summer season (No-
vember to January) when our survey was
conducted, the temperature in Antarctica has
been known to — 20 C with a wind velocity
of 10 m/sec [15]. These conditions adversely
affect the operation of the monitoring devic-
es. TEA loses considerable sensitivity in such
subfreezing temperatures. To protect the NO,
filter badges and NO, tubes from the harsh
conditions, a container to provide insulation
was developed (Fig. 1). The plastic container
of 20 cm in length, width and depth, had an
opening at one end to permit air to enter,
and was installed with heating elements
(Murata Mfg. Co. Hojistar) and a thermostat
switch (Uchida UGbH). The outside of the
container was covered with polyethylene to
provide insulation. These features made it
possible to maintain the temperature in the
container at 5 C even when it was placed in
a refrigerator set at — 20 C . In Antarctica,
photovoltaic cells, which our base camp and
sleds were equipped with, were used as the
power source.

(3) Wind tunnel test

We examined the container in a wind tun-
nel to confirm the insulation. A refrigerator
(CE-2, size: 32 X 1.2 X 1.2 m, Wahple Co.
Ltd.) was used to control temperature, into
which the canister was placed (Fig. 2). NO,
levels in the wind tunnel were monitored
with a chemiluminescence meter (GLN-31,
Denki Kagaku Co. Ltd.) located at point C
(Fig. 2). The inside of the wind tunnel cham-
ber was fitted with a shutter and a small fan
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(Section E) to manipulate wind velocities of
1, 5, and 10 m/sec. An anemometer (Isuzu)
was used to monitor wind velocity. A gas
cylinder containing 12 ppb of NO, (Nippon
Sanso Co. Ltd.) was used to introduce known
concentrations of NO, gas. Tests were con-
ducted at — 10 and — 20 C .

(4) Measurement of Atmospheric NO, Con-
centrations in the Antarctica

A base camp was up at Patriot Hill, lo-
cated on the coast of the Weddell Sea, in the
southern part of the Ellesworth Mountains
on November 8. Three of the five PJAE
members set out for the South Pole on
November 19, 1992, pulling their sleds at
80 degrees west longitude. They reached the
South Pole on January 16, 1993. The route
they followed is shown in Fig. 3. During the
transit, they monitored 24-hour average NO,
concentrations with the NO, tube every 2
days. NO; levels at the base camp were sur-
veyed using the NO, filter badges every 2 to
6 days, from November 15, 1992 to January
12, 1993.

RESULTS

(1) Wind tunnel tests

Five insulating containers were examined
for their ability to protect the NO, filter
badges and NO, tubes from the cold. The
temperature inside the insulating container
ranged from 3 to 10 C and the results indi-
cated (Table 1), that TEA would not freeze
even under the most unfavorable conditions.

Five NO, filter badges and five NO,
tubes were tested for NO, sampling abil-
ity NO, concentrations measured with the
samplers slightly decreased with decline in
temperature and acceleration of wind veloc-
ity (Table 2). Table 3 shows mean percent
differences between NO, measured with the
samplers to NO, concentrations in the wind
tunnel, indicated with a chemiluminescent
monitor. The NO, tube showed slightly
lower readings than the filter badges in all
cases. Although the differences were slight,
the measured NO, concentrations were
corrected using the mean percent differ-
ences. For example, when NO, tubes were
used at temperatures higher than — 10 C
and wind velocity less than 1 m/s, NO,
concentrations were corrected using the fol-
lowing equation:

corrected NO, value = (100/93.2) X NO,

concentration by NO, tube.

(2) Climatic data and atmospheric NO; in
the Antarctic

On route from the coast of the Weddell
Sea to the South Pole, the temperature ranged
between — 10 and — 20 C with a maximum
wind velocity of 10 m/s (Table 4). The NO,
levels measured by the PJAE members, us-
ing NO, tubes ranged from 1.0 to 2.8 ppb.
The concentrations increased on approach-
ing the South Pole. NO, concentrations at the
edge of the Antarctic, from Nov. 19 to Dec. 4,
was 1.25 ppb, and was 2.10 ppb at the polar
region, from Dec. 27 to Jan. 16. This differ-
ence was statistically significant (p < 0.01).
Correlation coefficient between temperature
and NO, levels was — 0.578, which is statisti-
cally significant (p < 0.001).

At Patriot Hill, the temperature between
—2and — 18 T, with maximum wind velocity
of 10 m/s. The NO, concentrations measured
with the NO, filter badge were between 1.1
and 1.8 ppb with no major fluctuations (Table
5).

DISCUSSION

A chemiluminescence method was
used as the gold standard for NO,
measurement. This method is recom-
mended for its stability and high
sensitivity [4]. According to the wind
tunnel experiments, the NO, intake
level if the tubes was slightly lower than that
of the NO, badges. The tubes and badges
showed very good agreement with the gold
standard. This indicated that the insulation
containers could protect the NO, samplers
from the severe weather conditions. The
NO, tubes are less sensitive than the NO,
filter badges because of differences in NO,
uptake areas. Nevertheless, we used the NO,
tubes for our survey because they are better
under wet conditions compared with the NO,
filter badges. When comparing NO, concen-
trations measured near the base camp with
both tubes and filter badges, the concentra-
tions were almost identical. This demonstrate
that the insulation containers were effective
and that both measuring devices were fairly
accurate.

Few report exist on atmospheric NO, con-
centrations in the Antarctic. The Japanese
Antarctic Expedition Survey Team has been
monitoring NO, concentrations in the atmo-



sphere, the ice fields, and interstitial air in
snow since 1967. According to their results,
the NO, concentrations in the snow gradu-
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ally increased as they neared the South Pole
from the coast, at the southern part of the

Syowa Base [15, 16].

Table 1 Mean Temperatures inside the insulating containers” test in

refrigerator.
Temp. in Wind Temp. in
Refrigerator Velocity (m/s) Refrigerator (T)
-10C 1
)
10
-20C 1
)
10

* Number of insulting container tested = 5

Table 2 NO, intake by NO, filter badges and NO, tubes in the wind tunnel test.

Testing Device -10C -20C
Chemil. method 11.7 11.0
Wind (114 ~ 11.9) (10.6 ~ 11.3)
velocity NO, tube 10.9 10.1
1 m/s (9.1 ~11.2) (8.6 ~10.9)
NO, badge 11.3 10.8
(9.5 ~ 12.5) (8.6 ~12.2)
Chemil. method 11.3 10.7
Wind (11.0 ~ 11.6) (10.5 ~ 10.9)
velocity NO, tube 9.9 9.6
5m/s (8.8 ~10.8) (8.4 ~10.9)
NO, badge 10.4 10.2
(8.5~ 11.3) (9.1 ~11.1)
Chemil. method 10.7 10.2
Wind (10.5 ~ 10.9) (10.0 ~ 10.4)
velocity NO, tube 9.2 9.1
10 m/s (8.4 ~10.7) (8.6 ~9.7)
NO, badge 9.7 9.9
(8.7 ~10.8) (9.0 ~ 10.8)
() Range

Chemil. method: Chemiluminescence method



40 — H. MATSUKI ¢t al.

Table 3 % NO, intake by NO, tubes and NO, filter badges in wind tunnnel test. (NO, level moni-
tored by chemiluminescence was regarded as 100)

Temp. in Wind Monitoring NO, intake
refrigerator Velocity (m/s) Device (%)
-10C 1 Tube 93.2
Filter badge 96.6
-20C Tube 91.8
Filter badge 98.2
-10C 5 Tube 87.6
Filter badge 92.1
-20C Tube 89.7
Filter badge 95.3
-10C 10 Tube 86.0
Filter badge 90.6
-20C Tube 89.2
Filter badge 97.1

Table 4 Climate data obtained going from the coast of the Weddell Sea to the South Pole.

Date Location Climate Temp. (C) Wind Veloc- NO, concen-
condition ity (m/sec) tration after
correction
(ppb)
South West
latitude longitude

1992 Nov. 19 80° 59 81° 16 Fine - 17 6 1.3
22 81 22 81 22 Fair - 17 1 1.2

25 81 38 81 21 Fine - 13 10 1.1

27 81 57 81 24 Cloudy - 15 <1 1.0

30 82 23 81 26 Fine - 12 9 14

Dec. 4 82 54 81 45 Fair - 10 3 1.5
6 8 13 82 00 Fine - 12 1 1.3

9 83 45 82 25 Fair - 12 8 1.2

13 84 17 83 26 Fine - 14 3 1.4

15 84 40 84 19 Fine - 12 <1 1.5

18 8 13 85 B8 Fine - 14 7 1.3

22 8 39 86 50 Snowy - 11 3 1.5

24 86 00 85 58 Cloudy - 15 6 1.6

27 8 33 86 48 Snowy - 12 <1 1.9

31 87 08 86 59 Cloudy - 16 <1 1.6

1993 Jan. 4 87 81 87 10 Fine - 21 5 1.8
7 88 26 86 48 Fair - 18 3 2.0

11 89 03 86 41 Fine - 18 2 2.8

16 90 00 - Fine — 24 <1 2.5
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Table 5 Climate data and NO, concentrations in the ambient air measured at Patriot Hill base camp

using NO, filter badges.

Date Climate condition Temp. (TH Wind Velocity NO, concentration
(m/sec) after correction
(ppb)

1992 Nov. 15 Cloudy - 18 3 -
19 Fine - 14 1 -

21 Snowing - 13 <1 -

24 Fair - 12 10 -

27 Cloudy - 18 7 1.2

30 Fine - 12 8 1.3

Dec. 3 Cloudy =11 9 1.2
6 Snowing - 12 5 1.8

9 Cloudy -9 8 1.6

12 Fine - 10 10 1.1

18 Fine - 12 2 1.5

21 Fair =10 4 1.3

23 Fine - 12 1 1.8

27 Fine - 12 1 1.6

30 Fair - 10 4 1.6

1993 Jan. 3 Cloudy - 11 3 15
6 Cloudy - 6 1 1.6

9 Cloudy - 7 <1 1.6

12 Cloudy - 2 5 1.5

Since Antarctica is a deserted continent,
there are no major stationary and mobile
sources of NO, as in other continents. How-
ever, the observed NO, levels in Antarctica
exceeded previously reported background
levels [6]. Our results showed NO, con-
centrations ranging from 1.0 to 2.8 ppb.
The average in to polar region was higher
than at the edge of Antarctic. The NO,
molecules found in Antarctic must be trans-
ported from populated area where people
use energy and discharge nitrogen oxides
into the atmosphere, For example, the an-
nual mean NO, concentration in Japan was
29 ppb in 1992 [4].

The polar regions play an important role
in the circulation of heat and water around
the globe. By virtue of their cooling mecha-
nism, they help circulate the atmosphere and
sea water. It is presumed that substances re-
leased into the atmosphere naturally or as a
result of human activity will follow the heat
and atmospheric currents that move from
low to high latitudes and will be transported
to the polar regions. In this way, the particu-
late matter released by volcanic explosions

is said to be sent into the stratosphere and
transported from the equatorial regions to
the polar caps [7].

Caricchia et al. [2] measured polycyclic ar-
omatic hydrocarbons (PAH) in atmospheric
particulates at the Italian base in Antarctic
from 1991 to 1997 and found that levels
of PAH has been increasing. They assumed
the cause was due to increasing combus-
tion combined with human activity in other
continents and PAH was carried with the
particulate matter by atmospheric transport.
In addition, Ayotte el al. [1] reported that
persistent contaminants such as heavy met-
als and organic compounds are transported
from distant sources to the Arctic by oceanic
and atmospheric currents.

The existence rate of NO (NO/(NO +
NO,)) in the antarctic atmosphere was not
clear, because the analytical principle of
the NO, filter badge and tube adoppted
Salzman method, that is, NO was oxidized to
NO, by N-(1-Naphthyl)ethylenediamide di-
hydrochloride [9]. Luis et al. [10] studied air
pollution in Argentina, the country nearest
to Antarctica. They reported a range of NO
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from 48-62% .

Although our survey measured atmospher-
ic NO; concentrations in Antarctica only
once, we found that the polar region was
more polluted than the edge of the Antarctic,
suggesting the transportation of air pollut-
ants by atmospheric circulation. We urge the
international study consortium, the Interna-
tional Trans-Antarctic Scientific Expedition
(currently under preparation), to provide
more information regarding other noxious
agents to reveal the global scale dispersion of
air-borne pollutants. Since nitrogen oxides
are one of the chemicals responsible for the
stratosphere ozone depletion, the vertical dis-
tribution and chronological changes in the
nitrogen dioxide concentrations are of great
importance.
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