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Abstract  This study assessed the effects of diesel generators on air quality in the Antarctic. These devices are the primary 

energy sources for Antarctic research stations and the main stationary sources of anthropogenic emissions in this region. Taking 

the Vecherny Oasis, Enderby Land, East Antarctica as an example, NOx, SO2 and PM10 emissions were estimated and surface 

concentrations of these same pollutants as well as the dry deposition of PM10 were calculated for various periods of exploration 

of the oasis, based on generator capacities. Estimated values were compared with air quality standards and background air 

concentrations. The areas associated with increased maximum hourly surface concentrations of SO2, NO2 and PM10 over the past 

30 a were found to have been reduced by factors of 43–55, 9–16 and 13–27, respectively. The region affected by increased 

maximum monthly PM10 deposition has been reduced by a factor of 7. Emissions, surface concentrations and dry depositions in 

the Vecherny Oasis were calculated for diesel generators in the same power range as used at Antarctic research stations. The 

most powerful diesel generator currently scheduled to be installed in this region was predicted to generate maximum hourly NO2

concentrations above 50 μg·m−3, which is 13 times greater than current levels. The area over which the PM10 deposition rate will 

exceed 10 mg·m−2·month−1 will be increased by a factor of 40. The technique employed herein has been demonstrated to be 

applicable to the preliminary assessment of stationary sources of pollutant emissions in Antarctica, including retrospective 

assessments. 
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1  Introduction 

Antarctica, which does not have a permanent population, 
cities or industry, is characterized by a very low level of 
anthropogenic impact on the environment, including the 
ambient air, in comparison to other continents. At the same 
time, anthropogenic activities such as the construction and 
operation of research stations and related activities as well 
as tourism are of concern to the Parties to the Protocol on 
Environmental Protection to the Antarctic Treaty. In 
accordance with the provisions of the Protocol, any planned 
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activity in the Antarctic should be accompanied by an 
environmental impact assessment, including an assessment 
of direct, indirect and cumulative impacts. Such 
assessments are necessary to predict the effects of human 
activities, as well as to develop measures to minimize these 
effects. 

Despite ongoing efforts to introduce wind power plants 
and solar panels, diesel generators remain the main source 
of energy for scientific stations in the Antarctic and, along 
with aviation and shipping in Antarctic waters, are the 
primary sources of anthropogenic pollutant emissions. Air 
impact assessments traditionally include the following 
stages: (a) an estimate of potential emissions, (b) an 
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estimate of the transport and dispersion of these pollutants, 
and (c) an estimate of the deposition of pollutants on the 
underlying surfaces. Information concerning changes in 
these impacts over time are also important with regard to 
emissions, surface concentrations and atmospheric 
depositions. However, to date, there have been very few 
reports published concerning estimates of the impact of 
activities in the Antarctic on the atmosphere. 

Several prior studies have estimated the total emissions 
of individual pollutants in the Antarctic, taking emissions 
from diesel generators and other sources into account. 
Boutron and Wolff (1989) reported that the total emissions 
from the combustion of fuel and waste at research stations 
in 1987, including from diesel generators, amounted to 
70 Mg·a−1 for sulfur and 1.8 t·a−1 for lead. According to 
Shirsat and Graf (2009), the total SO2 emissions over the 
time frame of 2004–2005 from both generators and ground 
vehicles were 158 Mg·a−1. Unfortunately, direct estimates of 
pollutant emission trends based on historical emissions in 
the Antarctic are practically absent in the scientific literature, 
even though these would be of considerable interest. It 
would be particularly helpful to determine the contributions 
of local sources as well as the regional and long-range 
transport of pollutants. At present, trends in the flow of 
pollutants in the Antarctic environment are primarily 
obtained from analyses of pollutant levels in ice cores. 

The emissions from diesel power plants at scientific 
stations are regularly estimated by some Antarctic 
programs, in particular the Australian program (Ratcliffe 
et al., 2001). Emission data are also available for certain 
periods for some other Antarctic stations, including the 
Comprehensive Environmental Evaluations (CEEs) related 
to the construction and modernization of certain stations 
(Kakareka et al., 2016;  Secretariat of the Antarctic 
Treaty, 2019). However, time series of emissions are 
available only for Australian Antarctic stations (Ratcliffe 
et al., 2017). 

Data concerning the fuel volumes used at the various 
stations, the qualitative characteristics of these fuels and the 
characteristics of the emission sources are important when 
estimating trends in emissions and environmental impacts 
in Antarctic. Even so, this information in many cases is 
either inaccessible or fragmentary, especially with regard to 
the qualitative characteristics of the fuel, such as the sulfur, 
lead, benzene and polyaromatic hydrocarbon (PAH) 
concentrations. Data concerning the transmission and 
dispersion of pollutant emissions and their deposition in the 
Antarctic is even more scarce (Kakareka et al., 2016). The 
results obtained from modeling the effects of diesel 
generator emissions on atmospheric air pollution have been 
included in the CEEs of some stations (Secretariat of the 
Antarctic Treaty, 2019) but all such reports describe impacts 
only for specific operating modes of diesel generators and 
certain types of fuel. 

The present study uses the Vecherny Oasis, Enderby 
Land, East Antarctica, as an example for an evaluation of 

the environmental impacts associated with atmospheric 
emissions of SO2, NO2 and PM10 from diesel generators. 
This analysis takes into account changes in the number and 
capacities of diesel engines operating in the oasis from the 
late 1980s to the mid 2010s. In addition, the primary power 
range of diesel generators operating in Antarctica was 
assessed, the maximum emissions were estimated and 
hypothetical dispersion plumes in the Vecherny Oasis were 
modeled. 

The parametrization of current emission sources in the 
Vecherny Oasis was carried out on the basis of the results of 
previous studies (Kakareka et al., 2016). These data were 
also supplemented by the parametrization and 
environmental impact assessment of diesel generators 
operating in the oasis in the period from the 1980s to the 
early 1990s on the Mount Vechernyaya field base operated 
by the Soviet Antarctic Expedition (SAE). 

2  Area of interest 

The area of interest in this work is the Vecherny Oasis, 
which is located in the western part of Enderby Land about 
20 km east of the Molodezshnaya station operated by the 
Russian Federation (Figure 1). This region includes a 
number of rocky ridges with north-west to south-east 
orientations that are almost parallel to the seashore and have 
a maximum height of 272.0 m at Mount Vechernyaya. The 
north-eastern slopes of these ridges are steep and short, 
while the south-western slopes are acclivous. The ridges are 
divided by terraced valleys and the eastern boundary of the 
region is defined by the excurrent Hayes glacier. The region 
within this territory not covered by ice in the Vecherny 
Oasis is approximately 6 km2 in size. 

A permanent human presence in the oasis was 
established beginning in early 1970 (Savatyugin and 
Preobrajenskaya, 1999; Mihrin, 2018) when the 
construction of the runway for the landing of IL-18D and 
IL-76TD airplanes serving the Molodezhnaya research 
station was initiated. A field camp accommodating technical 
personnel at Mount Vechernyaya was established in 1975 
and, by 1986, this facility comprised 13 separate or 
interlocked buildings and structures. Three diesel generators 
(or diesel electric stations; DESs) were installed at the 
Mount Vechernyaya based, mounted on beams. One of 
these generators had a power capacity of 100 kW and two 
had capacities of 75 kW (Savatyugin and Preobrajenskaya, 
1999). One DES was installed near Lake Nizhnee, one near 
the runway and the third at the foot of the southern slope of 
Mount Vechernyaya (Main Directorate of Navigation and 
Oceanography of the Ministry of Defense of the Russian 
Federation, 2005). The functioning of the field base at 
Mount Vechernyaya continued for more than 10 a in a 
year-round autonomous mode and then in a seasonal mode 
until 1992. Later, after the termination of transcontinental 
flights, the base was retired. Subsequently, most of the base 
facilities were dismantled, including the diesel generators. 



76 Kakareka S, et al. Adv Polar Sci March (2020) Vol. 31 No. 1 

 

 

 
Figure 1  The location of the Vecherny Oasis. 

Since 2006, the Belarusian Antarctic Expedition (BAE) 
has been based on the site of the former field camp, using 
the preserved infrastructure. In 2006, two main diesel 
generators were installed along with two smaller backup 
units. In 2015, the construction of the permanent Belarusian 
Antarctic station began and, by 2018, a number of modules 
had become operational, using the same diesel generators. 

3  Methods and data 

The present air impact assessment included the 
determination of emissions (in kg·h −1 or g·s−1) of SO2, NO2 
and PM10 at 100% and 75% generator loads. In addition, the 
maximum air concentrations of SO2, NO2 and PM10 and 
levels of dry deposition of PM10 from three diesel 
generators were calculated. These included one DES-100 
and two DES-75 units operating in the oasis in the 1980s as 
well as AD-16 (16 kW) and AD-48 (48 kW) generators that 
are currently used (alternately) at the Belarusian Antarctic 
station. 

3.1  Emissions estimation methodology 

The emissions of various pollutants were estimated from 
emission factors (that is, the grams of each pollutant 
produced per kilogram of fuel) and the hourly consumption 
of fuel at various generator loads. These values were 
obtained from the manufacturer’s specifications data for the 
diesel generators as well as data published by the SAE and 
BAE. As an example, according to a BAE report 
(Secretariat of the Antarctic Treaty, 2017), diesel fuel 
consumption at the Belarusian station varied from 2 to 4 t 
per season. In the absence of information for specific 
models of diesel generators, passports of similar units were 
used. 

The characteristics of the fuel were obtained from fuel 
standards that were in force during the operation of the field 
base of the SAE and the Belarusian Antarctic station. 

Emission factors were obtained from national and 
international guidelines (AP-42, 1996; Ministry of Natural 
Resources of the Russian Federation, 2001; GOST R 
56163-2014, 2014; EEA, 2016), as summarized in Table 1. 
SO2 emissions were determined based on the sulfur content 
in the fuel in accordance with current fuel quality standards 
(GOST 305-58, 1959; GOST 305-62, 1965; GOST 305-73, 
1979; GOST 305-82, 1983; GOST R 55475-2013, 2013; 
GOST R 56163-2014, 2014), taking into account that Diesel 
Winter and Arctic fuels were employed at the field base and 
Belarussian Antarctic station. The sulfur content in the 
diesel fuel was assumed to be 1%, 0.5% and 0.2% before 
1983, from 1984 to 2013 and after 2013, respectively. 

 

Table 1  Emission factors for stationary diesel generators 

Pollutant 

Ministry of Natural 
Resources of the 

Russian Federation, 
2001; GOST R 

56163-2014, 2014 

EEA, 
20161 

АР-42, 19962

SO2 /(g·kg−1 fuel) 4.6 1.98 5.36 

NOx /(g·kg−1 fuel) 41.0 40.51 81.54 

PM10 /(g·kg−1 fuel) 3.75 0.96 5.73 

Notes: 1Converted from g·GJ−1; 2Converted from lb·(MMBtu) −1. 

 

3.2  Emissions dispersion modeling 

The dispersion and dry deposition of pollutants were assessed 
using the United States Environmental Protection Agency 
(US EPA) AERMOD Gaussian model (US EPA, 2004). In 
this process, each generator was modeled as a point emission 
source and positioned in a Universal Transverse Mercator 
(UTM) coordinate system. The physical parameters and 
emission characteristics of the generators were input into the 
model, including the heights and inside diameters of exhaust 
pipes, the exhaust gas exit temperature and velocity, and the 
NOx, SO2 and PM10 emission rates (Table 2). Calculations 
were performed for diesel generators operating during the 



An assessment of the impacts of diesel power plants on air quality in Antarctica                          77 

 

SAE period (using one DES-100 and two DES-75) based on 
100% (1st scenario) and 75% (2nd scenario) loads. The 
1st scenario corresponded to a potential situation in which the 
engine was operated at its maximum load, while the 
2nd scenario represented the standard generator workload. 
These two scenarios differed in terms of the exhaust gas exit 
velocity and the emission rates of the various substances 
(Table 2). 
 

Table 2  Parameters for diesel generators at the Mount 
Vechernyaya Station used in modeling the dispersion 
of air pollutants 

Diesel generator 
Parameter Scenario 

DES-100 DES-75 AD-48 AD-16

Exhaust height/m 1 and 2 3.5 3.5 3.5 3.5 

Exhaust pipe 
diameter/m 

1 and 2 0.08 0.07 0.06 0.04 

Exhaust gas  
temperature/K 

1 and 2 723.1 673.1 623.1 623.1 

1 67.42 65.55 48.48 40.45 Exhaust gas 
velocity/(m·s−1) 2 53.27 53.76 36.10 29.18 

1 0.292 0.229 0.135 0.058 NOx emission 
rate/(g·s−1) 2 0.231 0.188 0.100 0.042 

1 0.066 0.051 0.015 0.007 SO2 emission 
rate/(g·s−1) 2 0.052 0.042 0.011 0.005 

1 0.027 0.021 0.012 0.005 PM10 emission 
rate/(g·s−1) 2 0.021 0.017 0.009 0.004 

  
An algorithm for particle deposition based on Method 

2 in the AERMOD model was selected to calculate the 
PM10 dry deposition fluxes. This Method takes into account 

the mass fraction of fine particulate matter (PM2.5) in the 
exhaust gas and the average particle diameter of fraction 
PM2.5. For diesel generators, these parameters were set to 1 
and 1.5 μm, respectively, according to the recommendations 
of the European Environment Agency Air Pollutant 
Emission Inventory Guidebook (EEA, 2016). 

The input data for the AERMOD model included 
meteorological, surface and terrain information. The 
meteorological data were obtained from ground-based 
observations at the Molodezhnaya Station (WMO index 
895420) and from upper air sounding data obtained at the 
Syowa Station (WMO index 895320) covering the period 
from November to March equivalent to the Antarctic 
summer. The surface roughness length, albedo value and 
Bowen ratio of the topographical region being modelled 
were estimated on the basis of satellite images and 1:25000 
scale topographic maps. Initially, the extent of land cover 
was categorized according to the National Land Cover 
Dataset 1992 (NLCD1992) (Anderson et al., 1983). 
Following this, values of surface roughness length, albedo 
and Bowen ratio (US EPA, 2008) were determined based on 
this classification process. A digital elevation model for the 
Vecherny Oasis was obtained using the hypsometric layer of 
the topographic maps. Modelling was carried out for a 
territory spanning 4950 × 4950 m2 using a receptor network 
constructed from 10000 points with a 50 m step size. The 
Penguin colony on Cape Gnezdovoy and various lichen and 
moss ecosystems closest to the emission sources were 
selected as key receptor points (Table 3). The maximum 
hourly, daily and monthly concentrations of SO2, NO2 and 
PM10 in surface air, as well as the daily and monthly dry 
depositions of PM10 were calculated, setting the background 
pollutant concentrations to nil. 

 

Table 3  Description of key receptor points in the Vecherny Oasis for which calculations of air pollutant concentrations were performed 

No. of receptor point Description Height above see level/m 

1 Penguins colony near Cape Gnezdovoy 42 

2 Moss and lichen community near Belarusian Antarctic station 91 

3 Lichen community on the East gentle slope of Mount Vechernyaya 251 

4 Lichen community on the East steep slope of Mount Vechernyaya 231 

5 Lichen community near the summit of Mount Vechernyaya 171.4 

 

4  Results  

4.1  Emissions 

The calculated emissions for diesel generators operating at 
100% and 75% loads are provided in Table 4. It was noted 
that even with the 100% load of current diesel generators, 
emissions of SO2, NO2 and PM10 decreased by 9–10, 4–5 
and 5–6 times, respectively.  

 

4.2  Modeled ambient air concentrations and 
depositions 

The results of modeling of the maximum concentrations of 
pollutants show that, in the late 1980s, only NO2 levels 
exceeded current air quality standards (The European 
Parliament and the council of the European Union, 2008; 
WHO, 2000; WHO, 2006), and this was only the case near 
the area of operation of the more powerful DES-100 unit 
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Table 4  Pollutant emissions from diesel generators operating in different periods in the Vecherny Oasis 
Mid and late 1980s 

(100% load) 
Mid and late 1980s 

(75% load) 
Mid 2010s  

(100% load) 
Mid 2010s 
(75% load) Pollutant 

DES-100 DES-75 DES-100 DES-75 AD-48 AD-16 

SO2/(g·s−1) 0.0655 0.0513 0.0517 0.0421 0.016 0.005 

NOx/(g·s−1) 0.2918 0.2286 0.2306 0.1875 0.156 0.042 

PM10/(g·s−1) 0.0267 0.0209 0.0211 0.017 0.011 0.004 

 
operating at 100% load (1st scenario) when applying hourly 
and daily averaging. 

In the case of hourly averaging, the permissible NO2 
concentration in air (250 μg·m−3) was exceeded north-east 
of the source at distances of 15–50 m (Figure 2). However, 
it was more likely to exceed the maximum permissible daily 
average NO2 concentration (100 μg·m−3) north-west of the 
source at distances of 20–70 m. The NO2 concentrations 
were determined to reach 50% of the daily (100 μg·m−3) and 
yearly (40 μg·m−3) concentration limits at distances of 137 
and 120 m, respectively. In addition, the maximum 
permissible concentrations (MPCs) of the modeled 
pollutants were not exceeded at any of the receptor points 
(Table 5). 

A zone in which the highest maximum hourly 
concentrations for all pollutants were present was identified 
north-east of the diesel generators, while the highest daily 
and monthly concentrations were found to the north-west 
(Figures 2–5). The estimated maximum hourly, daily and 
monthly average PM10 concentrations reached 20%, 20% 
and 12% of the MPCs (150, 50 and 40 µg·m−3, respectively, 
for PM10). In the case of SO2, the values were 13%, 15% 
and 30% of the MPCs (500, 200 and 50 µg·m−3, 
respectively) (Table 6). 

Estimates of the maximum concentrations of various 
pollutants reported previously (Kakareka and Salivonchyk, 
2015; Kakareka et al., 2016) for the AD-48 unit assessed in 
the present work are very similar. The differences between 
the values obtained in this work and in prior studies can be 
ascribed to the use of more accurate diesel generator 
parameters and fuel sulfur content data in the present 
analysis. Previous assessments of air pollution in different 
regions of Antarctica (McMurdo Station, Terra Nova Bay, 
Dome C, Molodozhnayaya Station and the South Pole) have 
shown mean PM10 concentrations ranging from 0.2 to 
4.1 µg·m−3 (Hansen et al., 2001; Mazzera et al., 2001; 
Truzzi et al., 2005), mean NO2 concentrations from 0.4 to 
5.4 µg·m−3 and mean SO2 concentrations from 0.03 to 0.7 
µg·m−3 (Golitsyn et al., 1991; Matsuki et al., 2002; Frey et 
al., 2015). Some researchers (Wolff and Cachier, 1998; 
Huey et al., 2000; Hansen et al., 2001) noted alternating 
high and low concentration values. It was also found that 
high pollutant concentrations in air were most likely to 
occur at low wind speeds and with winds moving from the 
direction of the station, and so were closely related to local 

pollution from the station generators. Wolff and Cachier 
(1998) determined that the black carbon air concentration 
was increased by a factor of more than 100 relative to 
background levels when the sampling device was located 
downwind of the station at a distance of several hundred 
meters, but was not increased at all when positioned at the 
same distance but upwind. Hansen et al. (2001) showed that 
high PM concentrations that exceeded the lowest values 
measured by a factor of approximately 15 (approximately 
300 ng·m−3 versus 20 ng·m−3) were obtained in about one 
third of all measurements. Hansen’s data also demonstrated 
that high BC concentrations were associated with air masses 
moving from the station and that daily variations in these 
concentrations corresponded to the daily work schedule at 
the station.  

It is difficult to interpret the estimated PM10 deposition 
data resulting from modeling because there are no 
established limits. However, these values can be compared 
with background deposition rates. Analyses of the baseline 
dust flows in the Antarctic were previously carried out 
under the Separation of the Western Antarctic Ice Sheet 
project, and the evaluation of the results has been described 
in the literature (Wolff et al., 2006; Fischer et al., 2007; 
McConnell et al., 2007; Bory et al., 2010; Albani et al., 
2012; Lambert et al., 2012; Koffman et al., 2014). The data 
show that, during the late Holocene, dust flows in the 
coastal parts of the Antarctic ice sheet at altitudes below 
approximately 2500 m above sea level averaged from 1 to 
12 mg·m−2·a−1. Moreover, the flows were the lowest in high 
altitude sections of East Antarctica and the highest 
(12 mg·m−2·a−1) on James Ross Island at the tip of the 
Antarctic Peninsula (McConnell et al., 2007). In the western 
part of the continent, the average background dust 
deposition in the late Holocene was estimated to be in the 
range of approximately 3–5 mg·m−2·a−1, but over the past 
two millennia has increased on average to approximately 
15–25 mg·m−2·a−1 (Koffman et al., 2014). In the case of the 
East Antarctic Plateau, the deposition has been estimated to 
be about three times lower in the late Holocene (Fischer et 
al., 2007; Bory et al., 2010), with estimates from 0.2–0.6 
mg·m−2·a−1 (Lambert et al., 2012) to about 1 mg·m−2·a−1 
(Albani et al., 2012). Over the last millennium, the 
background PM flux on the East Antarctic Plateau was 
approximately 1–5 mg·m−2·a−1 (corresponding to 0.08– 
0.42 mg·m−2·month−1 or 0.003–0.014 mg·m−2·d−1). 
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Figure 2  Modeled maximum 1 h (a, b), 24 h (c, d) and monthly (e, f) NO2 air concentrations (μg·m−3) produced by diesel generators in 
the Vecherny Oasis during the mid to late 1980s (a, c, e) and the mid 2010s (b, d, f). 
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Table 5  Modeled maximum air pollutant concentrations and atmospheric deposition levels at receptor points in the Vecherny Oasis 

Concentration Deposition 

NO2 /(µg·m−3) SO2 /(µg·m−3) PM10 /(µg·m−3) PM10 /(mg·m−2) 
No. of receptor 

point 

1 h 24 h Month 1 h 24 h Month 1 h 24 h Month 1 h 24 h Month

1 8.43 1.41 0.25 1.93 0.32 0.06 0.75 0.13 0.02 0.001 0.002 0.032 

2 11.44 0.72 0.10 2.03 0.16 0.02 1.05 0.07 0.01 0.002 0.003 0.011 

3 9.90 1.50 0.34 22.50 0.34 0.08 0.90 0.14 0.03 0.007 0.035 0.208 

4 10.78 1.47 0.35 5.59 0.33 0.08 0.97 0.13 0.03 0.002 0.008 0.076 

5 4.26 0.75 0.12 0.79 0.17 0.03 0.39 0.07 0.01 0.0004 0.001 0.077 

 
 

Table 6  Maximum hourly, daily and monthly average pollutant air concentrations and dry depositions from diesel generators in the 
Vecherny Oasis at locations with the highest expected concentrations 

Impacts 
Period of 
averaging 

NO2  
/(μg·m−3) 

SO2  
/(μg·m−3) 

PM10 
concentration 

/(μg·m−3) 

PM10 dry deposition
 /(mg·m−2) 

1 h 289.55 65.93 29.94 0.30 

24 h 137.35 30.10 9.88 2.44 
Historical impacts from DES-100 (the 1st scenario, 
100% load for hourly concentrations, the 2nd scenario, 
75% for daily and monthly concentrations) 

month 67.94 14.87 4.92 41.86 

1 h 255.43 56.88 24.34 0.24 

24 h 107.82 24.70 7.41 1.98 
Historical impacts from DES-75 (the 1st scenario, 
100% load for hourly concentrations, the 2nd scenario, 
75% for daily and monthly concentrations) 

month 53.96 11.94 3.72 34.05 

1 h 271.98 26.45 23.7 0.17 

24 h 43.27 5.25 4.02 0.97 

Current impacts from AD-48 (the 1st scenario, 100% 
load for hourly concentrations) and AD-16 (the 
2nd scenario, 75% for daily and monthly 
concentrations) 

month 16.71 1.97 1.55 17.22 

 
Thus, the calculated 24 h average dry deposition fluxes 

of PM10 in the areas associated with maximum loads (based 
on emissions from a DES-100 unit) can be more than 170 
times the background value, while the highest monthly 
average loads can reach 90 times the background (Table 6). 
However, the areas over which these high levels of 
deposition of fine particles appear are much localized. In 
the present analysis, the estimated PM10 flux was 50 times 
higher than the background value (>50 mg·m−2·a−1) and was 
localized in the north-west direction relative to the DES-100 
in a small area of about 30 × 40 m2 (corresponding to two 
receptor points). The maximum levels of PM10 deposition 
from the DES-75 unit were found to be 35 times the 
background level. 

The deposition rate of PM10 was higher than the 
highest background value (5 mg·m−2·a−1), and these high 
levels were most likely to be observed north-west of the 
diesel generators. For the DES-100, there was a region with 
a radius of not more than 165 m with elevated PM10 levels, 
while the range for the DES-75 had a radius of less than 180 
m. PM10 deposition levels greater than the lowest 
background value (1 mg·m−2·a−1) in the region of the 
DES-100 were identified over a radius of not more than 
450 m, while the range for the DES-75 had a radius of less 

than 380 m. 

4.3  Comparison of modern and historical air 
impacts in the Vecherny Oasis 

The results of the present study show that the regions in 
which the operation of diesel generators had environmental 
impacts in the oasis historically and recently generally do 
not overlap. The only area of possible cumulative impact 
from the operation of diesel engines in the past and present 
is to the west of Lake Nizhnee. Moreover, the deposition 
amounts both in the past and in the present in this area were 
estimated to be negligible. Specifically, the annual flux of 
PM10 from diesel generators at present is 1 mg·m−2·a−1 while 
in the 1980s this value was as high as 5 mg·m−2·a−1. These 
values are close to the background dust flow in Antarctica 
in recent decades, which reach maximum hourly 
suspended particle concentrations of 3 μg·m−3 at present 
and have previously been as high as 16 μg·m−3. The 
differences in the maximum NO2 and SO2 loads between 
past and present are slightly larger. In the past in this 
region, the hourly NO2 and SO2 concentrations were as 
high as 160 and 38 μg·m−3 and currently are as high as 50 

and 20 μg·m−3, respectively. 
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Figure 3  Modeled maximum 1 h (a, b), 24 h (c, d) and monthly (e, f) SO2 air concentrations (μg·m−3) produced by diesel generators in 
the Vecherny Oasis during the mid to late 1980s (a, c, e) and the mid 2010s (b, d, f). 
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Figure 4  Modeled maximum 1 h (a, b), 24 h (c, d) and monthly (e, f) PM10 air concentrations (μg·m−3) produced by diesel generators in 
the Vecherny Oasis during the mid to late 1980s (a, c, e) and the mid 2010s (b, d, f). 
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Figure 5  Modeled 24 h (a, b) and monthly (c, d) PM10 air concentrations (μg·m−3) and monthly PM10 depositions (e, f) (mg·m−2·a−1) 
prodused by diesel generators in the Vecherny Oasis during the mid to late 1980s (a, c, e) and the mid 2010s (b, d, f).  
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In general, the regions associated with both past and 
present impacts from the operation of diesel generators are 
strictly localized, with modern loads affecting much smaller 
areas where the stations’ main facilities are located. Thus, 
the area over which the maximum hourly NO2 

concentrations exceed 100 μg·m−3 has been reduced by a 

factor of 16, while the daily concentrations have been 
reduced by a factor of 4. The areas in which the SO2 
maximum hourly concentrations are above 20 μg·m−3 have 
been reduced by a factor of 55 while the regions associated 
with maximum daily concentrations above 10 μg·m−3 have 
been reduced by a factor of 14 (Table 7). 

 

Table 7  Comparisons of historical and current air impacts in the Vecherny Oasis due to the operation of diesel generators 

Pollutants and parameter Averaging period and load 
Pollution level 

/(μg·m−3) 
Area of current air 
impact/(×103 m2) 

Area of historical air impact 
/(×103 m2) 

> 100 10 157.5 
1 h (100%) 

> 150 4.0 35.0 

> 30 1.6 32.5 
NO2 /(μg·m−3) 

24 h (75%) 
>50 0 17.5 

> 15 6.4 395.0 
1 h (100%) 

> 20 2.4 205.0 

> 5 1.2 57.5 
SO2 /(μg·m−3) 

24 h (75%) 
>10 0 22.5 

>10 4.4 120.0 
1 h (100%) 

>15 2.0 25.0 

>3 1.6 27.5 
24 h (75%) 

>5 0 12.5 

>0.5 3.2 50.0 

PM10 /(μg·m−3) 

Month (75%) 
>1 1.6 17.5 

>3 2.8 37.5 
PM10 dry deposition /(mg·m−2) Month (75%) 

>5 1.6 20.0 

 

5  Discussion 

Calculations of air pollutant concentrations were performed 
using dispersion modeling for the Belarusian Antarctic 
station as well as the Indian Bharati Station at Larsemann 
Hills, the Republic of Korea Jang Bogo Station, the Czech 
J.G. Mendel Station, the German Neumayer III Station and 
the Ukrainian Vernadsky Station (Kakareka and Salivonchik, 
2015). When assessing the J.G. Mendel Station, the impact 
of a 10 kW diesel generator was assessed using the 
SYMOS’97 Gaussian model. The results showed that, in the 
vicinity of the station (up to approximately 50 m), the 1 h 
surface ambient air concentrations of NO2 (200–250 µg·m−3) 
slightly exceeded the limit (CEE, 2004). In the case of the 
Jang Bogo Station, the effects of two 250 kW generators 
and one 50 kW generator were examined using the ISCT3 
Gaussian model. The calculations showed maximum 1 and 
24 h NO2 concentrations of 30 and 10 ppb, respectively, and 
an average concentration over a span of one year of 3 ppb 
(corresponding to 57.4, 19.1 and 5.7 µg·m−3, respectively) 
(CEE, 2012). The German Neumayer III station assessment 
looked at the impact of three 150 kW and two 75 kW 
generators using the SCREEN3 model. The maximum NO2, 
SO2 and PM10 concentrations of 1 h were found to be 96, 3 
and 3.2 µg·m−3 (Bunge and Roβ-Reginek, 2005). At the 

Indian Bharati Station, the dispersions of NO2, SO2 and 
PM10 from three 100 kW generators as well as from ships 
and helicopters were calculated using the ISCST 3 air 
quality prediction model. The maximum cumulative 24 h 
concentrations were determined to be 132.1, 8.4 and 
11.6 µg·m−3 for NO2, SO2 and PM10 over an area of 860 × 
800 m2 (NCAOR, 2010). In the case of the US Antarctic 
McMurdo Station, an estimation of the cumulative impact 
of six generators with capacities of 800–900 kVA each and 
of other stationary and mobile sources was carried out using 
the US EPA Point-Plume (PTPLU) screening steady-state 
Gaussian model. The maximum hourly and annual average 
concentrations of SO2, NO2, PM10 and some other 
pollutants downwind of the McMurdo Station were 
modeled. Based on the simulation results, plots 
summarizing the maximum potential concentrations as 
functions of downwind distance from the station in the 
range of 2 to 50 km were constructed. These confirmed that, 
within a 2 km distance from the station, the model 
overestimated pollution levels because the emission sources 
were artificially grouped at a single point. The results 
included an annual NO2 concentration in excess of 
100 µg·m−3, a 3 h average SO2 concentration of more than 
110 µg·m−3 and a 24 h average PM10 concentration of more 
than 1100 µg·m−3 (National Science Foundation, 1991). 
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Analysis of the scarce air dispersion modeling data 
available for diesel generators operating in Antarctica has 
shown that a direct comparison of results is challenging 
because of the use of different models and methodologies, 
as well as a lack of description of input parameters. Thus, to 
interpret the AERMOD modeling results obtained for the 
Vecherny Oasis, we examined possible air impacts in this oasis 
due to generators having the capacity most commonly used. 

Currently, a limited range of power generators are used 
in Antarctica. From two to four units are typically installed 
at stations, but most often one unit is functioning at any 
given time while the second is switched on for specific 
shifts or when increased loads are required, and any 
additional units are for emergency backup purposes. The 
most powerful units are installed at the McMurdo Station, 
comprising three 1500 kW generators and one 1300 kW 
generator at the main power plant (CEE, 2019). Three 
primary diesel generator units each with a capacity of 
750 kW are installed at the Amundsen-Scott South Pole 

Station (Secretariat of the Antarctic Treaty, 2007). In 
addition, diesel generators with capacities in the range of 
200 to 400 kW are used at several other stations, although 
the present analysis shows that units with a capacity of up 
to 150 kW are currently the most common at Antarctic 
stations. Based on the power range of these existing diesel 
generators, using the manufacturer’s specifications data of 
the most common models and brands should allow 
preliminary estimates of pollutant emissions and 
calculations of the pollutant dispersions using the 
meteorology of the Vecherny Oasis for several hypothetical 
scenarios. Four scenarios were modeled assuming that 
current 48 kW/16 kW diesel generators were replaced by 
diesel generator sets with capacity 125 kW (scenario 1), 
200 kW (scenario 2), 400 kW (scenario 3) and 1500 kW 
(scenario 4). Hourly, daily and monthly emissions estimates 
were obtained together with estimates of the areas of 
pollution dispersion and the levels of PM10 deposition. The 
results are summarized in Table 8. 

Table 8  Air pollution from the dispersion of emissions from diesel generators having various capacities under their hypothetical 
installation in the Vecherny Oasis (100% load) 

Capacity/kW 
NO2>100 μg·m−3 hourly 
maximum concentration 

/(×103 m2) 

NO2>100 μg·m−3 daily 
maximum concentration 

/(×103 m2) 

PM10>15 μg·m−3 hourly 
maximum concentration 

/(×103 m2) 

PM10>10 mg·m−2·month−1 monthly dry 
deposition concentration/(×103 m2) 

161 1.6 - - 0.4 

481 10.0 1.2 2.0 1.6 

125 22.0 3.2 9.6 7.2 

200 33.2 3.2 11.2 10.8 

400 54.4 2.4 13.6 19.6 

1500 722.4 27.2 124.4 64.0 

Note: 1Currently installed diesel generator. 

 
The emissions and impacts of generators with capacities 

from 16 to 1500 kW (covering most of the power range of 
Antarctic stations) were calculated, using the same meteorology 
and assuming the same field season duration of five months. The 
results showed that the region in which the maximum hourly 
NO2 concentrations exceeded 100 μg·m−3 may range from 
1.6×103 to 722×103 m2, while the areas associated with 
maximum daily concentrations above 100 μg·m−3 could be as 
large as 27×103 m2. The areas with PM10 deposition rates above 
5 mg·m−2·month−1 may be from 14.8×103 to 73.6×103 m2 while 
those with deposition rates greater than 10 mg·m−2·month−1 
could range from 0.4×103 to 64×103 m2. 

The area affected by the pollutants is generally 
proportional to the emission rate of the source, although this 
relationship is non-linear because the height of the source 
and other parameters have an effect. This work has 
demonstrated that such analyses can provide retrospective 
estimates of the impacts of diesel generators that previously 
operated at Antarctic stations, as in the case study of the 
Mount Vechernyaya field base considered herein. 

6  Conclusions 

Pollutant emissions, surface air concentrations and 

atmospheric depositions resulting from the operation of 
diesel generators in the Vecherny Oasis over a period of 
more than 30 a (from the late 1980s to the present) were 
estimated. The feasibility of generating such estimates of 
emissions and environments impacts was demonstrated, 
based on limited information regarding emissions sources. 
The diesel engine capacity was used as the primary 
parameter for the calculation of emissions, as information 
concerning the capacity of power plants at Antarctic stations 
is much more accessible than fuel consumption data. This 
approach will therefore allow more comprehensive 
estimates in future. Some increases in the uncertainty 
associated with emissions estimates are inevitable when 
using this approach, but this drawback is offset by the 
savings in the time that would otherwise be necessary to 
collect the pertinent information. 

This work also shows the importance of data 
concerning the quality of fuels used at Antarctic stations 
when estimating emissions. Such quality parameters are 
primarily related to the sulfur content in the fuel, which 
affects the emissions of both sulfur dioxide and particulate 
matter. Model calculations for the air emissions and impacts 
of generators with capacities from 16 to 1500 kW were 
performed for the Vecherny Oasis. This capacity range 
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covers the majority of diesel generators employed in 
Antarctic stations. The technique examined herein has 
inherent limitations due to the significant effects of 
meteorology and, to a lesser extent, the topography and 
characteristics of the underlying surfaces when modeling 
pollutant air concentrations. However, this approach 
appears to represent a promising means of rapidly 
estimating the impact zones of sources for which there is 
only limited information available, at least when assessing 
coastal areas of East Antarctica. In future, the proposed 
approach will be used to perform retrospective assessments 
of the environmental impacts of diesel generators on other 
Antarctic oases. 
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