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Antarctica provides an excellent environment to examine the natural and background aerosols in the atmosphere over snow
and ice.The Indian dbrts (metrological measurements)Aaitarctica were initiated with the establishment of the first
Antarctic station in Easterntarctica during the first Indian Scientific ExpeditionAantarctica (ISEA) in 1981The

detailed and systematic characterization of physical and optical properties of Amdstetic aerosols over Indian
Antarctic stations Maitri and Bharati were initiated during the International Pe&ar(IPY) 2007 to 2009. Since then,

several scientific publications were eged from the Indian side @mtarctic aerosolsThis article provides a brief review

of the Indian dbrts onAntarctic aerosols.
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Introduction investigators from different countries which include

. . . the aerosol properties such as their chemical nature
Antarctica provides an excellent environment to (Savoieet al., 1993; Minikinet al., 1998\Wagenbach
examine the natural and background aerosols in they .1 1998 Kermineet al 2000'5 their total number
gtmosphere Over show and_lce. Bes_ldes that, the Iargf‘hass concentrations and size distributions (Samson
ice sheet of theAntarctic continent dects et al., 1990 Jaenicke et a1992: Mazzerat al

atmospheric circulation patterns over this region, 2001; Koponeret al., 2003) their role as cloud
which affects the transport and removal of the aeroso'condénsation nuclei (.I’De Feliegal., 1997): and their

particles _(Shhay\/19_79). In th_e recentlyearsz Wit_? the chemical mass size distributions (Hareegl., 1991,
increase in human interventions (exploratscjentific Gras, 1993: Ito, 1993ginilaet al., 2000: Rankin and

and tourism) intarctica, there is an increase in the Wolff, 2003).As far as the columnar aerosol optical
emissions of anthropoger_nc species (including deptr;s (AODSs) are concernefintarctica presents
aerosolls) (Shpivxl979,TomaS|et§I., 2007_)' IOvefralL, a pristine environment. The first measurements of
aerosol overmntarctica consists mainly of the. sqp, performed intarctica using a Sun photometer
transported components either from the Oceans Oyere in 1968/69 (Sakunov and Rusin, 1980), while
from the surrounding continents. It mainly consists of regular measurements have been reéorded (’,ﬂ South
aged aerosols. Large variations in the columnarpole (USA) since 1976 (Bodhaieksl., 1986). AOD
aerosol loading oveAntarctica are also reported o1 Antarctica at 500 nm varies bétween 0.01 and

dCL;]r_inr? the gngiOdS dOf stro_n 9 V(i:canié: geruptanhoflEI 0.06 for the coastal and low-latitude sites and further
~~hichon (1982) and Mt Plnatu 0(1_ 1)',W ICN &IS0 | 5per values are reported at the high-latitude sites
justifies the teleconnection éintarctica with other (Six etal., 2005). Aerosol concentrations varied

regions of the world from transport at higher altitudes from few particles cn? to few thousands particles

and th|e|r subseqll_Jien; mf:ue;g;zern Marc'tl|c cnt3(Hogan, 1975). While fine particles of sulphate
621850750 s system (Herberal., ;Tomasiet al., are most abundant over #etarctic continent, coarse
)- particles of sea-salt are major contributor to aerosols

Antarctic aerosol system is studied by several in the coastakntarctic regionS (Ha” anWOIff, 1998,
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Wagenbaclet al., 1998; Kerminemt al., 2000).The ozone, water vapour and aerosol optical thickness at
cyclonic storms revolving around the continent over 1020 nm at Maitri (Tipathiet al., 2002) While limited

the oceans bring the marine aerosol in té\harctic measurements of number concentrations and size
continent. distributions (Lal and Kapopt989; Pangtal., 2011),
columnar aerosol optical depth (AOD) and mass
concentrations (Gadhavi and Jayarman, 2004,

of black CaTbO” (BC) aerosolg, there is a me_ljor lack Chaubet al., 2010, 201, 2013), aerosol conductivity
of observations of BC dintarctica, especially in the (Kamraet al., 2009) are carried out during different

Indian oceanic sector of easténtarctica (Haraet years, a comprehensive multi parameter aerosol

al.,N2008). Zhe T;’y?()ng term (from Decerptl;ecr: 1986 measurements were not available from Indian side
to November ) measurements o OVET il the International Polarear (IPY) of 2007.

Antarctica was made by Hansetral. (1988) which

provided the background value of BC at South Pole. During the southern hemispheric summer of
These measurements are important when we considdnternational Polarear (IPY) 2007 to 2009, a detailed
the recent increase in the ship bokmgarctic tourism  characterization of physical and optical properties of
activities duringAustral summer (Gradt al., 2010). coastalAntarctic aerosols has been carried out over
Impact of local pollution and growing combustion IndianAntarctic station Maitri, and for the first time
derived emissions from ship borne activities in the over 39 IndianAntarctic station Bharati, before the
oceans surroundimntarctica have strong relevance station has been established (Chaudiesl., 2010;

for BC concentrations (@leret al., 2012). 2011). During this study the first time measurements
of black carbon (BC) and semi-quantitative effects
of scavenging of aerosols by snow were carried out
from Maitri and Bharati.

Concerning the global distribution and importance

All these studies have pointed out the importance
of long term measurements of physical and optical
properties of aerosols for complete characterization
of theAntarctic aerosols on the spatial and temporal The mea®\OD at 500 nm over Maitri (0.034 +
scales from dferent regions ofntarctica with the  0.005) and Bharati (0.032 £+ 0.006) during IPY (2008)
following objectives. They are: (1) Delineation of long were found to be comparable, showing the spatial
term changes in the physical, chemical and opticalhomogeneity in columnar aerosol properties over the
properties of aerosols iAntarctic atmosphere, Antarctic atmosphere (Chaubetyal., 2011). Spectral
guantification of the effect of long range transport variations ofAOD over Bhaati differ significantly
and estimation of radiative impact (2) Estimation of from those over Maitri. Estimated, ,, (Angstrom
snow scavenging of aerosols and deposition of blackwavelength exponenthowed an increased fine mode
carbon on ice and to characterise the physical,dominance at Maitri¢,,, ~ 1.2) compared to
chemical and optical properties of aerosols in SnowBharati (,,, ~ 0.7).Based on the measurements
and the corresponding changes in snow albedo androm Maitri during 2001, Gadhavi and Jayaraman
(3) Quantification of the anthropogenic influence in (2004) have reported a mea®D value of 0.036 +
Antarctic atmosphere to delineate local and long-range0.018 at 400 nm. Based on the measurement during
transport. December 2004 to February 2005, Deehgh. (2011)

_ _ _ have reported a me&®©D value of 0.042 at 500 nm

The Indian efforts (meteorological measurements) atindicating the abundance of coarse particles during
Antarctica were initiated with the establishment of (€ Study period. On the other haA@D measured

the firstAntarctic station (Dakshin Gangotri) in at these stations were signi_ficantly lower than that
EasternAntarctica during the first Indian Scientific Measured over the oceanic regions surrounding
Expedition toAntarctica (ISEA) in 19081while the ~ Antarctica (Chaubegt al., 2013). TheAOD at 500

meteorological measurements are carried outNM measured during different expeditions by the Space

continuously in each ISEA, the aerosol measurementd 1YSICS Laboratory is shown in Fig. 1.

are limited to few days of the expedition and are The distinct geographical features of Maitri and
discontinuous. During January 1997 to February 1998 gharati, despite being in tatarctic Circle, might
NPL team has carried out measurements of columnage  at least partlyresponsible for the distinct
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value of 8.25 + 2.87ug nT3. Comparatively lower
values are found at Bharati where it varied from 4.58
ng nTe to 8.53pg nT2 with a mean value of 6.03 *
1.33pg nT3, implying better pristine conditions
(Chaubeyet al., 2011). Based on the measurements
over Maitri, Gadhavi and Jayaraman (2004) reported
that thetotal aerosol mass concentration at surface
level is of 7pg nT3 for the PM10 particles with
significant (day-to-day) variations. Based on the
measurement during the 2009-2010, Budhastzaht
(2015) reported that the mean mass concentration
27 1SEA 23 1SEA %2 1sEA 3(32 szf for PM10 aerosols ovesouthern ocean was found to
Expedition and Year be 13.4ug nT3and over coastahntarctica near
_ _ Bharati was found to b&13pg nT3. They further
Fig. 1: Aerosol Optical Depth at 500 nm measured from o0 that the elements of anthropogenic origin (Eg.
Maitri and Bharati during different summer ] . -
expeditions. The AOD is in general comparable over Zn, Cu, Pb ...) were highly enriched with respect to
both stations except in 2014 crustal composition. Based on the observations during
11 January 2009 to 21 March 2009 and 09 December
2009 to 09 January 2018Ji et al. (2015) have
differences seen in the aerosol characteristics. Maitrireported that the total suspended particulate matter
is a continental station under moderate anthropogenid TSPM) over Larsemann hills (where the present-
influence while Bharati is rather pristine and is more day Bharati station is establishedyluced from 7.6
under the influence of marine environments. The two pg nT3during Jan to Mar2009 to 2.4ig nT3during
main mechanisms which might be contributing to the Dec 2009 to Jan 2010. The TSRported over Maitri
variabilities in aerosol properties at Maitri are (i) marine during December 2009 to January 2010 wag 9
particles (sea salt) and dust particles from the oasign=. They also reported that the TSPM over both
both produced and transported by the winds, and (ii)Maitri and Larsemann hills are acidic in nature with a
those produced by the local activities at Maitri and PH value of 5.56 at Larsemann hills and 5.28 at Maitri.
nearby stations. Moreoveas the coarse mode sea The acidic nature of TSPM is due to the absence of
salt particles get settled faster in comparison to thesufficient alkaline minerals. Based on the snow sample
fractionated sea salt aerosols, the marine airmassollected over coastéintarctica near to Maitri and
reaching Maitri would be strongly deprived of the Larsemann Hills during December 2009 to March
coarse mode component. On the other hand, Bharat?010, Budhavangt al. (2014) reported that the pH
being very near to and surrounded by the open Oceanf surface and fresh snow were 6.03 and 5.64
(free from sea ice) and having a low elevation, is respectively
conducive for being influenced by the (local) wind
generated sea salt particles much more than Maitri.
This would ale explain the difference in,q,
between the two stations.

0.04

AOD,

Based on the measurement over Maitri, Kamra
et al. (2009) have shown that the ion concentrations
of all categories and the air-earth current
simultaneously decrease by approximately an order

In comparison t&OD, most of the near surface  of magnitude as the wind speed increases from 5 to
aerosol parameters depicted larger day to dayl0 m sk This reduction is due to the scavenging of
variations at Maitri and Bharati indicating the spatial atmospheric ions and aerosols by the drifting snow
heterogeneities associated with long range transporparticles. Based on the measurements over Maitri
and local influences. Based on the measurementsiuring January-Februarg005, Siingtet al. (2013)
during the summer of 2007-2008, Chaulstyal. showed that the diurnal variations in positive ion
(2011) have reported that the total mass concentrationconcentrations and the surface temperature are almost
of composite aerosols (Ydepicted fairly large day- ~ parallel to each other on fair weather days and the
to-day variation at Maitri, from a minimumralue of rate of increase of positive ion concentrations is linked
4.4ug nT3to a maximum of 14.jig nT3, withamean  to the freezing point. Howevghe exact mechanism
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for the formation of intermediate ions, which is also wo b CTT T T T T T

responsible for the formation of new patrticles, is yet L —9%— Larsemann Hills (Bharati) —o— Maitri

to be identified. Pargt al. (2010) have studied the ®r

number concentration and size distributions of aerosol<g 1 -

particles during the passage of cyclonic storms 2 o[

(revolving around thAntarctic continent)close to the g ol

Maitri station during February 2005. They reported L Larsemann Hills

that as a storm approached Maitri, concentration of ~ * [ Booestoriod, 5

coarse particles increased by an order of magnitude ~ °Eb_ i LT L L

and the number size distribution frequently showed a DATE (2009)

coarse mode at ~ 2 pm, a brasitken mode from _ , , ,
Fig. 22 BC mass concentration over the Indian stations

0.04t0 0.1 um and, once in a while, a nucleation mode Bharati (Larsemann Hills) and Maitri during the

Maitri

_at 0.018 p-mé‘"_these mOde_S eXiStWitha_S"ghF Change summer expedition, 2009. The BC measurements
in the mode diameter while the storm is going away were made at Larsemann hills before the
from the Maitri station. In addition to this, Pabal. establishment of the permanent station, Bharati. The
(2011) have also shown that at Maitri, total number day to day variability in BC is mainly due to the snow

scavenging associated with blizzards (Chaubey et al.,

concentrations of coarse and fine particles vary 2010)

from 0.1 to 0.8 and from 100 to 2000 particles

cnt3respectivelyduring the southern summer months . :
of January and Februar2005 at Maitri. Maitri is exponent ¢,gs) for absorption estimated from the

situated on an oasis and experiences a fair amount O?pectral values of absorptl_on.cogffluer@ng) IS
. L . . ound to vary from 0.5 to 1, indicating a high BC/OC
local station activities during the summer period.

Moreover advection from the neighbouring stations ratio typical of BC of fossil fuel origin (Chaubey
. i al., 2010).
lying upwind, movement of men and transport of goods

(more frequent durindntarctic summer at all the One of the major removal mechanisms of BC
stations) also contribute to the local (regional) aerosolsfrom the polar atmosphere is through snow scavenging.
and to the day-to-day variations in the near-surfacelt is found that the mass concentrations of BC were
aerosol characteristics. reduced to half of the normal day values during snow
Prior to IPY (2007-2009), direct measurements fall event but recovered rapidly t9 the normal e_kay
, . . ... values shortly after the cessation of the episode
of BC mass concentrations did not exist over Maitri
. (Chaubeyet al., 2010). BC scavenged or dry-
and Bharati. The BC values measured overde osited on snow and ice can produce large climatic
Larsemann Hills (Bharati) and Maitri during the P P 9

summer expedition in 2009 are shown in Fig. 2. The and radiative implications.
mean BC mass concentration at Maitri and Bharati Air mass back trajectories computed for the

observed during the IPY period were respectively 75 summer period (1 December 2007 to 31 March 2008)
+ 33 ng m?® (which is on the higher side of the showed that, aerosol properties over both Maitri and
background concentration and values reported at otheBharati are modified by the wind coming from the
coastaRntarctic locations) and 13+ 4 nggwhich  high latitude polar regions (Chaubeyal., 2010).

is comparable to the values reported for the otherBased on the analysis of snow samples collected from
few coastalAntarctic locations), respectively two regions in Eagtntarctica, Mahalinganathan and
(Chaubeyet al., 2010). The BC values reported in Thamban (2016) have reported the presence of
this study over Bharati were measured even beforecalcium nitrate aerosols transported from the southern
the establishment of the permanent Indian station atSouthAmerican regionswith the increased tourism
Larsemann hills (Bharati). BC contributed very little and scientific activities during summénere can be

to the mass concentrations of composite aerosols oves |arge day to day variability in the aerosol
both stations during the study period; being 2 % atcharacteristics at coastahtarctica due to the air

Maitri and 0.2 % at Bharati. The BC, produced by mass coming at the stations from inland continental
the activities oveAntarctica, is found to contribute stations.

to the high concentratioat Maitri. The Angstrom
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Aerosol Properties Over Southern Oceans as well as t&\ntarctica, Chaubegt al. (2013) have
reported the seasonality in latitudinal gradient in aerosol
properties over the oceanic regions and the role of
long range transport in the observed seasonality

The scientific expeditions from India fintarctica

also provide an excellent opportunity to study the
aerosol properties over different oceanic regions in
the Indian longitude sector from tAeabian Seato  Conclusion

the southern oceans. During the™M6SEA, o
Deshpande and Kamra (2002) has madeScientific literatures on the aerosol measurements

measurements of aerosol size distributions over théfom Indian side ovekntarctic regions are available
oceanic regions en route to Maitri. They have from the & Indian Scientific Expedition tAntarctica
reported the presence of nucleation mode particles iPnwards. Most of these measurements were
great abundance up to 30°S. Perhaps the first of it§!aPpened in random years and focussed on one or
kind measurements of BC over Southern Ocean wadW0 aerosol parameters onlySystematic
made by Moorthyet al. (2005), on board Sagar Measurements on various aerosol parameters were
Kanya, during its first pilot expedition to Southern initiated after the International Poear (2007-2008).
Ocean from January fpril, 2004.They reported a These measurements were also in _campaign mode
steady BC values (~ 50 ng-fover southern ocean and the data duration ov&ntarctic region was very
which exponentially increases to 2000 ng ver Iimited. Itis important to have adedic_ated gtmospheric
Arabian Sea. Based on the measurements over ocears§ience laboratory at the Bharati station for the
during January-April, 2006 onboard RAkademik continues and long term observation of aerosols, gases
Boris Petrov from théntarctic coast to Indian coast, and other atmospheric parameters which will be useful
Vinoj et al. (2007) reported extremely low (< 0.1) not only for the assessment of long term changes in
and steadpOD over southern ocean which increases the back ground aerosol properties but also for the
nearly exponentially to 0.7 in the northeékrabian scientific understanding of various process responsible
Sea. Based on the measurements of various aerosépr aerosol - Cryosphere interaction.

properties, such as spectf®dD, total aerosol mass
concentration as well as BC mass concentration, o
board SagarKanya during its first pilot expedition to The author acknowledges the logistic support received
Southern Ocean Balsial. (2010) reported that the  from ESSO - National Centre fAntarctic and Ocean
aerosol radiative forcing at surface level over southernResearch, Goa and Ministry of Earth Sciences, New
ocean in the range —4 to -5 Whincreases to —10to  Delhi for the aerosol observations during different
—23Wnr2over the ocean north of equat@ompiling expeditions between 2008 and 2015.

the dataset from various expeditions to southern ocean
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