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ABSTRACT: The measurement of SO, and fluorine compounds concentrations in the
air at 8 points on the King George Island, South Shetland Islands, were done in January
and February 1979. The received values were similar to the ones for regions recognized
as the world background areas. Thc activity of the Polish Antarctic Station did not
influence the air pollution status neither in its surroundings, nor in penguins coloniés
and extinct volcano areas on Penguin Island.
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1. Introduction

The Antarctic can be recognized as the most distant area from the world
air pollution sources. Therefore, the air pollutant concentrations found there
data on the time changes of air pollution in the Antarctic in spite of
a numerous research stations in the region. Stern (1976) gives the only
values of SO, concentrations for the Antarctic area (0.0009 to 0.0029 mg - m 3).
It is interesfing to find how man’s activity in this area influence the local
air pollution. During the Third Antarctic Expedition of the Polish Academy
of Sciences the workers of the Botanical Garden of the Polish Academy
of Sciences started the investigations on the above mentioned subject. The
control points for the determination of SO, and fluorine compounds concentra-
only some small sources of air pollutants — fuel power station and ships
arriving to Admiralty Bay. In the above way we tried to determine the
levels of SO, and fluorine compounds in the air, resulting from man’s
activity. B

*) Studies were carried out during the Third Antarctic Expedition of the Polish Academy
of Sciences in 1978/1979.
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2. Area and methods
2. 1. Study area

The localization of control points is presented in Figs. 1 and 2. Their
numbers rise with an increasing distance from the Station.

Points No. 1 was fundamental for the studies as it was situated near
the meteorological booths and buildings of the Station, including the building
housing the engines generating electricity, the main source of air pollution
for the area. No. 2 point was situated in the middle of the biggest penguin
colony (over 100 000 penguins). Point No. 3 was on a hill 100 m above
sea level, a few hundred metres from the Station. No. 4 point was at
the highest place near the Station, near to the top of Thomas Hill.
No. 5 point was situated few kilometers below Sphinx Hill. No. 6 point
was on the top of the Lange Glacier at the altitude of about 600 m
above sea level. No. 7 point was on the Keller Peninsula, few kilometers
from the Station, near the abandoned British Station. No. 8 point was
in the crater of an extinguished volcano on Penguin Island.

2. 2. Measurement of 802 concentration

Concentrations of SO, in the air was measured by the lead dioxide
method. The previously prepared cylinders covered by lead dioxide were
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Fig. 1. Locality of the wir pollution control points on the King George uand Penguin Islands
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Fig. 2. Locality of the air pollution control points around the Arctowski Station

prepared in the Department of Plant Ecology and taken to King George
Island in tightly closed twist-off jars. The cylinders were hung in the
meteorological booths in different points of the Island for a period of few
weeks. The SO, content in the air was determined according to the method
described by Ju'st (1968). The SO, concentrations are presented in mg - 100 cm 2
per 24 h and converted into mg-m 3 using the multiplication factor 0.09
(Liang, Sterling and Galloway 1973).

2. 3. Measurement of fluorine compounds concentration

Content of fluorine compounds in the air was determined by exposing
to the air the papers saturated by calcium formate, made by Corning
Laboratories Inc. The papers, were exposed in meteorological booths similarly
as the lead dioxide cylinders for SO, measurements during a period of few
weeks, under special shelters covering them from very strong winds. The
by the specific fluoride electrode Orion 94—09A. Before the measurement
papers were cut into 1 cm?2 pieces and put into a polyethylene beaker with
25 ml of destilled water and 25 ml TISAB II solution were added. The
fluoride content in the solution was measured by the known addition method
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according to Fluorides in ambient air (1970) and Instruction Manual-Fluoride
Electrode (1976) and presented in pg-100 cm 2 per 24 h. Using the
multiplication factor 7.6 (Adams 1961), the results were converted to pg - m 3.

3. Results and discussion

The accumulation of SO, and fluorine compounds took place at all
measuring points during few weeks in January and February 1979. Although
the received results were very low, near the detection limits of the applied
" method, there were found differences of SO, and fluorine compounds
accumulation at particular measuring points (Table I).

Table 1
Concentrations of SO, and fluorine compounds
at different control pf)ints on the King George
and Penguin Islands

; ; 50,%) F—*%)
Measuring point (i & ) g 64

1. The Station 0.0025 0.0699
2. Penguin colony 0.0014 0.1094
3. Hill 0.0017 —
4. Thomas Mountain — 0.1345
5. Sphinx Hill 0.0014 —
6. Lange Glacier 0.0033 0.0319
7. Keller Peninsula 0.0014 0.0266
8. Penguin Island 0.0014 —

*) Calculated from the results obtained by the lead dioxide method (Just 1968)
using multiplication factor: 1 mg SO, - 100 cm~2 per 24 h = 0.09 mg SO, - m=3 (Liang,
Sterling and Galloway 1973). ) )

**) Calculated from the results obtained by the calcium formate papers method (Fluorides
in ambient air 1970, Instruction Manual-Fluoride Electrode 1976) using multiplication factor:
1 pug F~-100 cm—2 per 24 h = 7.6 pg F--m=3 (Adams 1961).

The levels of SO, and fluorine compounds at No. 1 points were rather
low, but their accumulation was higher than at other neighbouring points.
At No. 2 point, the accumulation of fluorine compounds was relatively
high, but SO, concentration was one of the smallest. At No. 3 point, only
SO, analysis was carried out — the obtained value was very low. At No. 4
point the analysis of SO, was spoiled, but the fluorine compounds level
was relatively high, the highest value found on King George Island. The
SO, content at No. 5 point was very low, and it was not possible
to determine the fluorine compounds level, because of the very strong
winds damaging the accumulation papers. At No. 6 point the SO, accumula-
tion was the greatest and the fluorine compounds accumulation was near
to average. If these values really represent the amount of air pollutants,
and are not errors of the method, this phenomenon can be explained by
greater accumulation of pollution caused by a swifter flow of air. At No. 7
point relatively low levels of air pollution were found. At No. 8 point,
in the crater of an extinguished volcano we wanted to find if some
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sulphurous compounds were still evaporating — the area of the crater was
still a little bit warmer than its surroundings. However, the accumulation
of SO, there was relatively low, and we did not determine the fluorine
compounds accumulation because of the damage done to the exposed papers.
The comparison of analysed data with ones for other areas of high and
low air pollution (Table II) shows the similarity of concentrations found

Table I1
Concentrations of 502 and fluorine compounds in the air different world localities
. ; SO, F- Source, of
Measurng’ pout (mg - m-3) (ug - m3) information
1. Hawaii 0.0009 Stern 1976
2. Northern Atlantic 0.0099 Stern 1976
3. Antarctic 0.0009—0.0029 Stern 1976
4. King George Island 0.0014—0.0033 0.0266— 0.1345 own data
5. N-E Florida 0.0029 Stern 1976
6. Bialowieza Primeval :
Forest (Poland) 0.0045—0.0225 0.2280— 1.2920 own data
7. Forest Arboretum :
in Rogoéw (Poland) 0.0063—0.104 own data
8. Big cities in USA 0.0144—0.3600 0.1600—.0.5200 Warner 1976
9. Warsaw (1978) 0.0198—0.1316 . own data
10. Panewnik Forest
Distric (Poland) 0.0405—0.5085 4.028—16.416 own data
11. ”Polchem” Torun
(Poland) 0.0858—0.5250 own data
12. Aluminium smelter
in Skawina (Poland) 0.5040—1.0440 20.21—96.22 Swieboda and

Kalemba 1978

Explanations see Table I.

near the Arctowski Station with data for regions recognized as the world
background areas. The values of SO, near the Station were 1.5—16 times
lower than the Polish base level (Bialowieza Primeval Forest with the
lowest air pollution level) and much lower (up-to 745 fold) than in the
industrial areas of high SO, pollution. Also, the levels of fluorine compounds
in the air at the King éeorge Island were lower than the Polish base
level 2—5 fold) and much lower than in the polluted areas (up to
3600 fold). The lack of any significant differentiation of analysed pollution
indices at various distances and various directions from the Arctowski
Station sugests that the Station has no polluting effect in the area. The
observed differences, presumably not related with analytical error, can be
assumed as existing spatial differences of studies indices. On the basis of
this assumption the following conclusions on the air pollution in the studled
region of the Antarctic can be drawn:

1. The operation of the engines generating electricity and the total Station
activity does not influence local SO, and fluorine compounds air pollution.
2. The crater of the recently extmgulshed volcano does not emit SO,,
though it is still a little bit warmer than its surroundings.
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3. The highest situated point (about 600 m above sea level on the Lange
Glacier), where the flow of air masses is the greatest (strong winds), has
the greatest accumulation of SO,.

The authors wish to thank Wiktor Saporowski of the Botanical Garden of the Polish
Academy of Sciences, who during the expedition, in addition to his primary duties, prepared
the equipment for measurements and helped to set and collect it. We also wish to thank
the helicopter pilots for enabling us to set and collect measuring equipment at points away
from the Station (points No. 5, 6, 7 and 8).

4. Summary

The measurements of concentrations at SO, and fluorine compounds in the air at 8 points
on the King George and Penguin Islands (South Shetland Islands) were done in January
and February 1979 (Figs. 1 and 2). SO, concentrations were measured by the lead dioxide
method. The content of fluorine compounds was determined by using papers saturated by
calcium formate and fluoride selective electrode Orion 94-—09A.

The received values of the air pollutants concentrations found on the islands (Table I)
showed the similarity with the data for regions recognized as the world background areas
(Table II). The values of the air pollution concentrations are similar; no dependence of
air pollution on the control points position in relation to the Station, penguin colonies and
the extinct volcano was found (Table I).

5. Pe3rome

IMposeneno wusmepenus SO, u coenunenuit ¢topa B BO3myxe B 8 mynkTax Ha Kwunr
Jxopmx Hcnann v IMuursun Ucnann (KOxusie Wlernanast), (puc. 1 u 2). Crymenune SO,
MU3MEPEHO KOHTAaKTHbIM MeTonoM. CopepxaHue coequHeHHit (GTopa B BO3AYyXE MCCIIEA0BAHO
NPUMEHAA IKCNO3UIHUOHHBIE OyMaXKH HACHILLIEHHbIE MYpPaBUHHBIM KaJIbLIHEM, & TAKXKE CEJIEKTHB-
Hy10 ¢TopoByro 3nekTtpony OpuoH 94-09A.

ITosnyyeHHbIE pe3y/IbTaThl YKa3bIBalOT HAa CXOJCTBO CTYILEHHH KOHCTATHPOBAHHLIX HA OCTPO-
Bax (Ttabmuua I) ¢ pesynbTaTamMu nNOJIyYeHHbIMM B palOHax oOMnpeneiaseMblX Kak MHPOBOM
¢oH 3arpazHeHuit Bo3ayxa (tabauuma II). BenuuuHbl CrymieHHi 3arpa3sHeHust BO3AYyXa MOXOXH,
HE 3aMEYEHO 3aBUCHMMOCTH 3TUX CTYILIEHMH OT pPAacClOJIOKEHHS HU3MEPUTEIbHBIX MYHKTOB MO
OTHOIIIEHUIO K CTAHLMH, KOJIOHHH NUHIBMHOB W noraciiero ByikaHa (tabauma I). ’

6. Streszczenie

Wykonano pomiary zawartosci SO, i zwiazkéw fluoru w powietrzu w 8 punktach na
Wyspie Krola Jerzego i Wyspie Pingwina (Poludniowe Szetlandy) (rys. 1 i 2). Stezenia SO,
mierzono metoda kontaktowa. Zawartos¢ zwiazkéow fluoru w powietrzu badano stosujac
papierki ekspozycyjne nasycone mrowczanem wapnia oraz selektywna elektrode fluorkowa
Orion 94—09A.

Uzyskane wyniki wskazuja na podobienstwo stgzen stwierdzonych na wyspach (tabela I)
z wynikami uzyskanymi dla rejondw okreslanych jako swiatowe tlo zanieczyszczen powietrza
(tabela II). Wartosci stgzen zanieczyszczenia powietrza sa zblizone; nie stwierdzono zaleznosci
tych stezen od usytuowania punktow pomiarowych wzgledem Stacji, jak rowniez wzgledem
kolonii pingwinéw i wygastego wulkanu (tabela I).
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