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Abstract: This document presents the results of the monitoring of Greenhouse Gases (GHG) at Brazilian Antarctic Station 
Comandante Ferraz (EACF). The samples were taken near the Ozone and Meteorology Modules, weather conditions, such as 
direction and intensity of the wind, being annotated. For measurements of the concentration of GHG, a collection system that 
used a diaphragm pump, with samples of air being stored in stainless steel cylinders, was used. Concentrations of gases of interest 
in the samples collected were determined by the ozone gas chromatography laboratory, in São José dos Campos/SP. Furthermore, 
a continuous infrared monitor (model LI-820 Licor Gas Analyzer) was installed in the Ozone Module. There was great stability 
of the concentration values obtained by liquor, in that the average for these records were 378.8 ± 2.0 ppm (parts per million by 
volume), very close to that reported at NOAA’s (National Oceanic and Atmospheric Administration) polar station (385 ppm). 
Analyses of nitrous oxide (N2O) collected in the cylinders in the months of January to March 2010 resulted in an average of 
334.7 ± 2.0 ppb (parts per billion by volume), very close to that reported by NOAA as a global average (323 ppb), however it 
was noted that this value was virtually constant in all samples, which reflected in low standard deviation, revealing an offset 
in our pattern to be given in subsequent samples. Samples collected in cylinders in the same period and analyzed for methane 
showed an average 1,791.4 ± 38.0 ppb. This value is higher than expected for the region (1,750 ppbv). However there was a wide 
variability in the samples (represented by the standard deviation) reflecting local sample point, mainly in the samples collected 
near the station. CO data did not pass in the validation tests, mainly due to their long storage time. As the CO is reactive and can 
undergo alteration inside the cylinder through other compounds, the storage time led to reactions inside the cylinders, causing 
the invalidation of the samples for this gas.
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Introdution
The Earth can be considered a body in thermal equilibrium, 
so the radiation absorbed by the surface must be distributed 
by it so that the balance is maintained. The Earth’s surface, 
heated, re-emits the absorbed radiation through wavelengths 
greater in the infrared range, called planetary radiation. On 
its way into space, some of this radiation is absorbed by the 
atmosphere, warming it. Only 6% of the radiation emitted 
from the surface escapes directly into space, especially in 
the spectral region known as the “atmospheric window” 

between 7 and 14 µm, where the absorption by CO2 and 
water vapour is weak (Vianello & Alves, 1991). The heated 
atmosphere emits radiation in all directions and a fraction of 
this radiation is absorbed by the surface again, contributing 
to further warming, the greenhouse effect.

Among the various greenhouse gases, the main ones are 
carbon dioxide (CO2), which is responsible for more than 
60% of the increase of temperature, methane (CH4), nitrous 
oxide (N2O), and CFCs 11 and 12. The GWP of a gas is an 
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index that expresses how effective this is for the greenhouse 
effect. It is measured in terms of the effect of the introduction 
of a molecule in the atmosphere (or gram) of gas over 
the effect of the introduction of a molecule (or gram) of 
CO2,  calculated for a certain time period (integration 
period). This calculation also takes into account indirect 
effects, such as chemical reactions that act as sink for gas, but 
that generate other greenhouse gases. For carbon dioxide, 
GWP is set to 1. Thus to say that the GWP of CFC-12, for 
an interval of 100 years, is 10,600, is equivalent to saying 
that the addition of a molecule of CFC-12 is equivalent to 
adding 10,600 molecules of CO2. 

The increase in the concentration of the gases responsible 
for global radiation absorption, called greenhouse gases, is 
causing a further rise in temperature, which can lead to an 
environmental imbalance. It is estimated that the increased 
concentrations of some gases (such as carbon dioxide, 
methane, nitrous oxide and CFCs) is responsible for a rise 
of about 0.3 °C in average global temperature per decade 
(with an uncertainty of 0.2 to 0.5 °C per decade), maintained 
their current growth rates (Cotton & Pielke, 1995).

Besides the natural variations of the atmosphere, 
there are variations in the concentrations of certain gases 
by interference of man. The most typical example is the 
case of the stratospheric ozone layer and the increase of 
Greenhouse gases. Artificially produced chemicals and 
greenhouse gases emitted in the industrial era just reacting 
and dramatically affecting the chemistry and dynamics of 
the atmosphere, producing environmental impacts such 
as a slow and progressive reduction of the concentration 
of ozone at all latitudes and the increase of the surface 
temperature of the Earth.

However, in the current frame of Global Changes, 
other complementary information about the variation 
of atmospheric parameters is necessary to measure the 
impact of these changes in the atmosphere and so that the 
environment can be assessed and quantified.

The Antarctic environment is in the region of lowest 
global human impact. Due to its condition and its remote 
low-impact feature, this region is taken as reference for 
studies of global dispersal of pollutants and products from 

the earth’s crust, oceans and volcanic eruptions. Thus, 
maintenance of natural conditions in this region is of vital 
importance for understanding the impact of large scale 
impacts occurring in various continents and potentially 
those that have an influence on the Antarctic region. 

The gases CO, CH4, N2O and CO2 are greenhouse gases 
and their monitoring is essential over time. Moreover, these 
gases may be used for monitoring environmental pollution 
produced in the region of Antarctic Station Comandante 
Ferraz (EACF).

Materials and Methods
For the measurements of concentration of greenhouse gases, 
which began in November 2009, a system of collection 
with a diaphragm compressor pump was used, with air 
samples being stored in stainless steel cylinders using an 
electropolishing procedure. Figure 1 shows the process of 
collections in the vicinity of EACF (62.11° S and 58.41° W).

The frequency of sampling was weekly and the sampling 
was done in pairs, with two cylinders being pressurized in 
sequence. The pairs of samples collected were considered 
valid only when the difference in the mixing ratios between 
the two cylinders was at most 5%. At the time of sampling, 
the weather conditions, like the wind direction and intensity, 
were recorded. The detailed meteorological data at the 
time of collection, such as wind speed, temperature and 
humidity were obtained through the address www.cptec.
inpe.br/antartica.

The samples were brought to the Ozone Laboratory 
at the National Institute for Space Research (INPE) to 
be analysed. To determine the mixing ratio of methane a 
chromatograph Shimadzu GC-14A equipped with a flame 
ionization detector (FID) and two columns of stainless 
steel 1/8 inch in diameter, were used. The first column, 
2.5 m, was filled with silica gel and was used to minimize 
the total analysis time for the retention of water vapour, 
CO2 and carbon compounds heavier than methane. The 
second was a column packed with zeolite 5Å molecular 
sieve (5 angstrom), 3.0 m in length, which was responsible 
for the gas chromatographic separation of the sample. The 
standard gas used was purchased from NOAA (National 
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Oceanic and Atmospheric Administration), and showed a 

concentration of 1749.4 ± 4.5 ppbv. The sample was injected 

through a sampling loop of 2.2 mL. The speakers operated 

at 100 °C and the detector at 120 °C. The chromatographic 

gases used for the FID(H2, N2 and synthetic air) had a high 

purity (99.999%). The relative accuracy obtained in the 

analysis of three aliquots of each sample was 0.7% or better 

(Alvalá et al., 2004; Marani & Alvalá, 2007). A detector of 

oxide of mercury was used for determining the mixing ratio 

of CO, with a relative precision of 3.5% or better for analysis 

of three aliquots (Kirchhoff et al., 2003). To determine the 

mixing ratio of N2O and CO2 a gas chromatograph equipped 

with electron capture detector (ECD), with relative accuracy 

of 0.7% or better, was used. All standard gases used were 

obtained from NOAA.

In addition, a continuous infrared carbon dioxide 

monitor (model LI-820 Gas Analyzer) was installed near the 

ozone module (100 m distant from EACF), which provided 

instantaneous concentrations of gas and that should 

remain at the station performing the monitoring of the 

concentration of atmospheric CO2. The Licor determines the 

concentration of CO2 every second, but for this monitoring, 

the daily averages were chosen.

Results and Conclusions
Because it is monitoring work, its continuation is necessary 
so that the behaviour of greenhouse gases can be duly 
studied. The monitoring is important because it may give 
indications of the impact of human presence in this region of 
Antarctica. In terms of results already obtained, we observed 
a greater stability of CO2 concentration values obtained 
by the Licor, and the average for these observations were 
378.8 ± 2.0 ppm (parts per million by volume), very close 
to that observed in polar station NOAA (385 ppm). There 
were problems with pump parts in June 2010 and a new 
pump was planned to reach EACF by November 2010 for 
monitoring to continue. Figure 2 shows the daily averages of 
CO2 obtained in EACF using cylinders (between December 
2009 and January 2010), while in April, May and June, the 
data corresponds to daily averages obtained using the Licor 
equipment.

The analysis of nitrous oxide  (N2O)  in the cylinders 
collected from January to March 2010 resulted in an average 
of 334.7 ± 2.0 ppb (parts per billion by volume). This value 
was found to be 10 ppb above the global average of NOAA 
(323 ppb), but observed that this value was almost constant 
in all samples, which resulted in low standard deviation, 
revealing a shift in our pattern to be given for the next 
samples.

Figure 1. Collect the air samples using stainless steel cylinders with electropolishing internal pressurized to 2 atm, near (left, on the beach) and far from the 
station (right).
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the samples (represented by standard deviation) reflecting 
the local sampling, mainly in samples collected near a station 
with favourable wind.

The CO data did not pass the validation tests, mainly due 
to long storage time. As the CO is reactive and can undergo 
alteration inside the cylinder through other compounds, 
the storage time led to reactions inside the cylinders, 
characterizing the samples as invalid for this gas. As a result, 
one of the difficulties was to perform the analysis of samples 
in smaller time intervals. Delays and changes in flight dates 
to support the work and difficulty in dispatch, resulted in 
cylinders being collected from São José dos Campos at 
shorter intervals, particularly during winter.
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Figure 2.  CO2  (March 2009 to January 2010), obtained from samples 
collected in drums (purple) and those obtained by continuous monitoring 
(blue).
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The samples collected in cylinders in the same 
period and analyzed for methane exhibited an average of 
1791.4 ± 38.0 ppb. This value is higher than expected for the 
region (1750 ppbv). However there was a large variability in 


