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Environmental monitoring is integral part of Environmental Impasessment (EIA). Continuous@ats of Scientific
Committee omntarctic Research (SCAR), Committee for Environmental Protection (CEP), Council of Managers of
NationalAntarctic Programm@COMNAP) and establishment of Convention for Conservation of Marine Living Resources
(CCAMLR) has given impetus to establish scientific approach towards environmental monitoring thus formed a core part
of AntarcticaTreaty System (RS).

Adoption of Madrid Protocol in 1998 brought forward guidelines for environmental monitoring and environmental impact
assessment defining indicators for assessment of contamination in the environment due to anthropogenic activities. Continuous
presence of human and activitiestintarctica no longer justify the meaning of “Sustainable Develophiartder to
safeguard the pristine nature of continent.

Indian scientists successfully laid the foundation of scientific reseafetianctica during the maiden expedition in 1981-

82. Owing to prevailing requirement, Environmental Monitoring of Maitri station carried outhdyBhabhatomic
Research Centre, Mumbai (BARC) in air, water, terrestrial and biological environment during austral summer of VIII, IX
and X- IndiarAntarctic Scientific Expeditions in the year 1988, 1989 and 1990, respecBeehprehensive environmental
monitoring carried out at Maitri station in year 1999, in which air, water, noise, soil and biological indicator selected to form
baseline as well as to compare individual indicators, with those assessed in the past from same locations.

Black carbon concentration at site showed the range of carbon concentration as 26.5+faG2Biganati station while
average concentration recorded was 13+5 AgtrMaitri station. PN values recorded in the range of 1.0-7.0 [fg/m
whereas Suspended Particute Matter (SPM) variation recorded in the range of 7.7+ & Mgitri station.

Keywords: Antarctica; Monitoring; Envir onmental Impact Assessment; Contamination; Madrid Potocol;
Antar ctica Treaty; Maitri; Bharati

Introduction sciences and medicine (Gerson, 198&lton and

. : Morris, 1990).
Antarctica is the last vast wilderness on the planet

and it is an important part of Eagtsystem. By acting Human presence Antarctica started way back
as a global heat sink, it helps controlling our climate in year 1900, which slowly picked up as other countries
and weatherRecent development Antarctica has  started taking interest noticing unique place for
changed the concept of the pre-International conducting science, observing source of probable
GeophysicalYear (IGY) of 1957-1958 of being minerals and hydrocarbons (Blanchettal., 2004).
insignificant in scientific exploration and thereafter Apart from scientific interest, commercial and tourism
represented a major turning point for research inactivities also started flourishing Antarctica since
Antarctica. IGY provided a sound foundation for the last few decades. More recentthe International
development ofntarctic scientific activity inawide  PolarYear (IPY) has generated platform for scientific
range of disciplines, including glaciolggdmospheric ~ and public interest in the ‘white continent’, and
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inevitably given further impetus to human activity in  management and @nnexVI - Liability arising from

and around the continentiilet al., 2009) As interest  environmental emergencies. Until 1980-1990, the
grown it also added logistics in many folds to support waste at mogkntarctic stations was simply dumped
the all kind of interests. Though in year 1959, while in conveniently located landfill sites close to the station,
AntarcticaTreaty had been signed aAdtarctica or alternativelydisposed into the sea or burnt in the
remained the place for science and peaceful purposepen air The Protocol provided strict guidelines for
while claims and exploration activities were frozen, environmental management and protection, and
yet other activities continuesntarcticTreaty signed established the obligation to clean-up abandoned work
on B3 of December 1959 by twelve nations and sites Adoption of Madrid Protocol in 1998, brought
entered into force on Z3June 1961, establishes the forward guidelines for environmental monitoring and
legal framework for the managementAgftarctica. EIA, defining indicators for assessment of
At present there are 57 treaty member nationscontamination in the environment due to anthropogenic
including India in which 29 nations have consultative activities (Bargagli, 2008; Budhavasit al., 2015;
status and a few more countries are in the process t€larke and Harris, 2003; Clarke, 1988).

join for consultative status. _ _
In accordance with the recommendation-XV

Environmental Protocol, which is also known of the FifteenttntarcticTreaty Consultative meeting,
as “Madrid Protocol” was adopted in 1991 in responseheld in Paris in 1989, there are a series of activities
to proposals that the wide range of provisions relatingthat should be monitored. Through continuous
to protection of théntarctic environment should be  monitoring the environmental change can be observed
harmonized in a comprehensive and legally binding which would setup valuable benchmark to evaluate
form. Article 8 of the Protocol introduces the term the state oAntarctic environmen#ccording to the
Environmental ImpacAssessment (EIA) and Protocol on Environmental Protection (article 8 and
provides three categories of environmental impactsannex 1), EIA procedure has been developed for
(less than, equal to and more than minor or transitory),activities undertaken in th&ntarctic (Harris and
according to their significanc&he Article also Meadows, 1992; yonset al., 1999; Pineschi, 2001).
requires that assessment of planned activities to be

undertaken irAntarctica, subject to the procedures h IfEnvwonm_entaI mof?ltorlngflglr_lteg_?l p():art OfI_EIA
set out inAnnex I. It draws on and updates the agreedt erefore continuous eflorts of Scientific Committee

on Antarctic Research (SCAR), Committee for

Measures as well as subsequ&ndaty meeting ) , :
Environmental Protection (CEP), Council of

recommendations relating to protection of the M ¢ Nati A ic p
environment, as part of tetarcticTreaty System C%;]I\jlglirPS 0 q a“ogl‘?‘ hntarctu; c rogramm?
(ATS). It provides for comprehensive protection of ( ) and establishment of Convention for

the Antarctic environment and dependent and Ccog:&:_vstlhon c_>f Marlne L|V|ngb|R(ra]soerfsf§
associated ecosystemsT®@, 2002).Article 6 of ( ) has given impetus to establish scientific

Protocol emphasize on Co-operation and states; “Eac pprogch towardsg;w_?ﬁ_mental monitoring ttr:us
Party undertakes, to the extent possible, to shar orrr_1e acorel part T |S(§)aper rglrl);esen;st ed
information that may be helpful to other Parties in environmental monitoring and post- conducte

planning and conducting their activities in Argarctic ?fte_r ?’stablf‘shmen_t” 9f Ind|an_ permanent stations
Treaty Area, with a view to the protection of the Maitri” and “Bharati” in Antarctica.
Antarctic environment and dependent and associateq,qian Antar ctic Qations —Ar ea of Sudy
ecosystems”.
] ) .. Realizing the importance ofntarctica in terms of
Madrid Protocol has been underpinned with six gciantific knowledge, first winter-over station,

annexes which have to be followed and abide by all«payshin Gangotri” was established in year 1983 on
treaty parties; (aj\nnex | - Environmental Impact  j.a_shelf of Princesastrid coast (7605'37" S

Assessment, (B§nnex Il - Conservation dfntarctic Latitude, 190'00" E Longitude). Then it got
fauna and flora (chnnex Il - Waste disposal and  gpangoned in year 1989, as it started sinking in snow

Was_te management (@nnex IV - Preven'tlon of due to internal heat stress and snow accumulation in
marine pollution (eAnnexV - Area protection and periphery of station. Second permanent Indian station
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was established on rock terrain of Schirmacher Hills chemistry physical sciences and microbiology of the

in eastAntarctica, in year 1988-89, on the nunatak Antarctic ice and the study of freshwater lakes. Since
Vassfjellet close to the ice shelf, about 80 km from then scientific studies were carried out in various
the ice shelf edgeF(g. 1). Maitri is situated in an  disciplines and valuable results are extracted which
area of base rock and surrounded by a number ohave proven to understand a lot about icy continent.
small lakesA glacier to the south of station covers _ o

parts of the nunatak and ends about 400 meters fronfEnvironmental Monitoring

the main building. Maitri station can accommodate e for environmental monitoring arises while Parker
25 persons inside main building and approximate 50,44 vince Howard (1977) carried out first

persons in summer huts, located nearby main Structureg,,ironmental impact monitoring of drilling project in

Bharati station is also all year round station which Antarctica referring the procedure developed by
became functional in year 2012, located in Larsemann-€0poldetal. (1971). Kennicutt li (1990), also brought
hills area at Grovnes on the rocky terrain in east forward the need of monitoring and conservation of
Antarctica, nearly 2500 km away from Maitri station oil spill to protect the pristin&ntarctic Environment.
(Fig. 2. Bharati station can accommodate 15 personsSigning of Madrid Protocol in year 1991 by the treaty
during winter and 35 persons during summer period. Parties further emphasized environmental monitoring
Bharati station is located very close to sea, nearlydue to human impact in collaborative manner to

conjunction. and Morris, 1990Walton and Shears, 1994).

The scientific investigations being carried out Environmental Monitoring of Indian Stations in
since first expedition includes but not limited to, studies Time Scale
on meteorology geomagnetism, environmental

. . . . Environmental monitoring of Indian stations, Dakshin
science, radio-wave propagation, geolaggciology

Gangotri and Maitri had been conducted by the Bhabha
Atomic Research Centre (BARC, Mumbai) in 1988,
1989 and 1990. During year 1994, 1995, 1996, 1999
and 2000, environmental monitoring had been carried
out by National Environmental Engineering Research
Institute (NEERI, Nagpur)Veermata Jijabai
Technological Institute (VJTI) undertook
environmental monitoring in the year 2002 around
Maitri station. Baseline monitoring information during
year 2007, 2008, 2009 and 2010 for the new Indian
research station (Bharati) as well as Maitri has been
collected by Shriram Institute of Industrial Research
(SIIR, New Delhi). ESSO-National Centre for
Antarctic and Ocean Research (NCAOR, Goa)
entrusted with EIA and environmental monitoring
starting from year 2003, 2006 and 2012 to 2015-16,
for Maitri and Bharati stations.

Environmental Indicators

CEP and COMANP developed guideline to choose
parameters of relevance which are presented in
Table 1.These indicators are subjective and should
be selected based on the geograpgtivities
undertaken, likely impact on environment including
short-term and long-term assessment, future activities

Fig. 2: Bharati Station in Larsemann Hills, East Antar ctica
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Table 1: An overview of some potential indicators and parameters fouse in monitoring programmes inAntar ctica

Indicator Parameter

“Footprint” Area subject to human activjtg.g. spatial coverage of buildings and associatgzact
including roads, pipes etc; number and location of field expeditions

Air quality SO, particulates

Soil quality Erosion (e.g. footpaths), metalPH, FAH

Sea water quality
Fresh water quality
Snow and ice quality
Vegetation quality
Wildlife health

Fuel handling
Aircraft/vehicle operations
Solid and liquid waste
Waste water

Field activities
Introduced organisms
ElA/permit compliance

TSS, DO, BOD, COD, pH, conductivity

TSS, DO, BOD, COD, pH, conductivity

Metals, TPH, particulates

Spatial extent, metals

Population size, breeding success

Amount consumed, number of spills, size and location of spills
Distance travelled, number of landings, fuel consumed

Waste types (including hazard), volume/weight

TSS, DO, BOD, COD, pH, conductivjtiaecal coliforms, volume
Number of person days in field, location of field camps
Species, distribution, population size

Number of breaches recorded

as well as wilderness values (COMNARD05).  Balani, 1998; Sathe, 1994)

Since, inAntarctica unified emission standards are

yet to be developed and implemented, best practicelggs_%)’ environmental monitoring programme

and stn_ngent S.t andards may be adopTechphleve undertaken QyNEERI, an aganisation under Council
results in practical sense, state-of-the-art instrument

and equipment may be implied to record and monitorOf Scientific and I'ndustrlal_ Rgsearch (CSI.R)’
b tions and should be calibrated accordin toGovernment of India, organization. Observations
gtasnedrz\;?d arotocol 9 %arried out selecting relevant and important
) environmental indicators, i.e.u§pended Particulate
Environmental studyunder IndianAntarctic ~ Matter (SPM)Sulfur dioxide (SQ) and Oxides of
Programme carried out since first expedition in year Nitrogen (NOX). Simultaneously samples were
1981-82 when hydro-chemical studies of polynya in collected of waterwastewaterand soil and then
Antarctica and fresh water lakes conducted by CSIR-analyzed for various physicochemical (i.e. pH,
National Institute of Oceanography (NIO) Goa. temperature, conductivityurbidity, alkalinity, total
Environmental Monitoring of Maitri station started hardness, chloride, sulphate, sodium, potassium, nitrate,
before the Protocol put on force in year 1998. Owing hitrite, ammonical nitrogen, total phosphate, dissolved
to prevailing requirement, environmental monitoring 0xygen (DO), biochemical oxygen demand (BOD),
of Maitri station carried out by BARC, for aivater chemical oxygen demand (COD), oil and grease,
terrestrial and biological environment during austral hydrocarbon and heavy metals like cadmium, copper
summer o¥/Ill, IX and X-IndianAntarctic Scientific ~ chromium, lead, iron and zinc) as well as for biological
Expedition (ISEA) in the year 1988, 1989 and 1990, parameters. Emission from the stacks of boilers,
respectivelyBARC, collected background baseline incinerators and exhaust of vehicles were also
data on natural radioactivity and trace heavy metalmonitored (Ghosktal., 1997a; Ghosh and Ramteke
concentrations in giwater and rock samples and also 1997; Ghostet al., 1997b). Referring to guidelines,
measured background gama dose rate in air and tritiunfomprehensive environmental monitoring carried out
levels in the ocean as well aintarctic fresh water ~ at Maitri station in year 1999-2000, in which agter
Lakes around Maitri station (Ramachandran andnoise, soil and biological indicator selected to form

During Xlll to XVI-ISEA (austral summer of
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baseline as well as to compare individual indicators, to the local activities carried out near the station
with those assessed in the past from same locatiorfPande, 2015). Ghosh and Ramteke (1997) reported

(Tiwari et al., 2006). oxygen content in the exhaust of various stacks
. _ attached with incineratpboiler and generator in
Alr Environment between 12-14%, whereas ¢C®aried from 0.6

t01.2% at Maitri station, suggeéted need of tuning of

Use of fossil fuel idntarctica is required for survival, 7t ) ) i
machineries being operated in station.

as modern material are also required to sustain in
adverse climatic condition, however use of fuel and Ambient air quality at the site in Larsemann Hills

material, generates emission and waste. Estimatioryefgore setting up station Bharati carried out for
and measurement of aerosol particles are importanpespirame Particulate Suspended Matter (RSPM),
to understand effect on climate variability as well SO,, NOx and Carbon monoxide (CO), during austral
impact on the human health. It also becomesgymmer for three consecutive years (2007-2010) by
imperative to classify particles into natural and g)|R. Concentration values shows RSPM varied from
anthropogenic source and origin (Anonymous, 1981; 11 to 37%. Howeverincrease in concentrations of
Buettney 1962; Kondratyeetal., 1986). Kallenborn  gpw and RSPM were noticed due to site preparation
et al. (2015), also agree that, long term monitoring activities. SQ concentration varied from <1 to 3.9
data are useful for in-depth interdisciplinary research Hg/m?, whereas NOx varied form 4.1-7.4 pd/m

on contaminant pattern profiles, spatial and temporal K handalet al., 2010; Ravindrat al., 2011).
trend studies, environmental fate and distribution

modeling, and understanding of regional transport Year round measurement of the NOx, carried
pathways in the future. out in year 2013-14 at Maitri station. Normal values

o . _ were recorded in range of 0.14, 0.12, 0.02 ppb of
SPM in air is usually very irregular in shape. NOX, NO, and NOrespectivelyParticular episodes
While liquid particles present in mists and sprays tendyyere also recorded 7.2, 6.04 and 1.52 ppb against the
to be spherical, the solid particles making up most normal values during winter period while concentration
dust and fumes fall into one of the three generalecorded for few hours in many folds of normal
classes: granulgitaky and needlelike. PM collected  gccurrence of NOX (Fig. 4). It may be the chemical
during December 2014-March 2015 at Maitri station processes taking place in the upper atmospheric region
at upwind and downwind direction analyzed to jg coupled to the lower atmospheric region and
observe the variationfie upwind concentration has  modifies the weather parameters as well the electric
mean value of 2 + 1.&g/m3.. The downwind  epyironment and thus the monitoring of the
concentration ranges from a minimum ofdin°to  atmospheric electric parameters can be a tool to
7 pg/m® with the mean value of 3 + 2,@/m® (Fig. understand the coupling processes between the space
3). This increase in the concentration can be attributedyeather events and the meteorological weather
events. The mechanism behind those observations
- may be production of NOx in the upper atmospheric
. P Consentration el saten region, due to the particle precipitations or the
transportation of Lightning NOx (LNOXx) from the
tropic and sub tropic region to the polar region through
the general global circulation and descending from
the upper atmosphere (Environmental Monitoring of
o IndianAntarctic Sations, unpublished observations
by A K Tiwari).

ug/m3

Aerosol Black Carbon (BC) is a unique tracer
. for combustion emissions: it has no non-combustion

. T T source. It is inert and long-lived in the atmosphere,

and can be transported over great distaroggage

Fig. 3 :PM,  Concentration Showing results of Upwind and  concentration of black carbon at Maitri station, due
Downwind of Maitri Station
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Hourly Average Concentration of NO, NO; and NOx resulted mixing of deposited back carbon in the air
during winter period while vortex formation, acts as
barrier for transfer of long range transport of aerosol
from other continent (Environmental Monitoring of
IndianAntarctic Sations, unpublished observations
by A K Tiwari).

NOXx in ppb
w

Mercury is toxic chemical which introduced into
our environment naturally as well as through man-
made sources. Human sources may include
incinerators, coal burning, certain industrial process,
batteries and some electrical itemsitfWrow and
Lyons, 2008). Elemental mercury plays an important
role in cycle of mercury in the atmosphere and ocean
(Brookset al., 2008; Cossat al., 2011). During,
austral summer of XXXIlI and XXX\WSEA, Total
Gaseous Mercury (TGM) measured at Maitri station
and found to be in range of 1.0-3.5 ngimambient

: " , air except the particular episodes while concentration
14 ‘ , of TGM exceeded 5 ng/fnduring and after
12 occurrence of blizzard {Wari and Qureshi, 2016).

Water Environment

There are more than 105 lakes (epi-shelf, pro-glacier
& and land-locked) identified in Schirmacher Hills within

!
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16-Apr14 =

.
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e
|

T 35 kn? area. Multi-year assessment (22015) of

ST 3T E33% water quality in term of physico-chemical parameters

shows, most of lakes are indicating slight acidic pH

and deprived of minerals, even one or two lakes shown
pH lower than 5. However traces of zinc and iron

and other heavy metals have been noticed in Zub-

Lake (Priyadarshini Lake). This is being attributed to
to long range transport, recorded was 1345 Ag/M ccasional seepage of waste water from collection

Aethelometer was operated, at the Grovnes before,,nq and mixing in the stream connected as in-feed
establishment of Bharati station during XXVII-ISEA i3 7 ,b-Lake as well as water circulation though iron

to obtain black carbon concentration at site. ReSUItSpipeIine, however other wind-blown as well as left-

showed the range of carbon concentration asg;t metaliic articles are seen at the bottom of lake
26.5+16.2 ng/m(Chaubeyet al., 2010). (Unpublished observations ByK Tiwari). The water

Aethelometer measurements deployed to quality of the lake has not changed by the intrusion

elucidate the variations of combustion-related aerosolof Small quantity of wastewater through seepage
emissions at Maitri station. Black carbon Water channel from possibly due to maintained high

concentrations varied both as a function of wingd dilution ratio as well as augmentation with replenish
direction and source strength over the diurnal cycle.of water from the glacial melt water of approximate
Average concentration of black carbon aerosol variest1000 ni feeding Zub lake every yganowever

in the range of 10-100 ngfyras depicted in continuous  Volume may vary depending upon the ambient
measurement at Maitri station since year 2013-14,8mperature of particular yearig@ri and Nayak,
which includes contribution from local source also. 2007). Conductivity heavy metals and ionic
Higher concentrations are recorded due to pro|Ongcharacter|st|cs (Fig. 5) varies in terms pf _speC|aI and
high wind thus ablation of snowpack which has temporal change, however characteristics of lakes
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Fig. 5 : Cation Distribution in the Lakes of Shirmacher and Larsemann Hills

are still comparable without
any significant change with
water quality of 38 lakes had
been carried out by Kumat
al. (2002) during XVIII-ISEA,
ascertaining various physico-
chemical parameters.

Water quality monitoring
carried out by SIIR, during
XXVII to XXIX-ISEA in
Grovnes, Stornes and Broknes
peninsula. Water quality
parameters did not show
significant variations.
However some parameters
showed marginal inter-annual
variations between lakes. For
instance, chloride values in all
lakes were within the range of
freshwater but in two Lakes
results shows 58-836 mg/l and
351-353 mg/l the values varied
widely and also indicated saline
water influence. Most of the
metals analysed were showing
values from below detectable
to very low values. Nutrient
parameters such as P@nd
NO,, though varied marginally
between lakes, showed lower
values, suggesting that the lake
in Larsemann Hills are not
subjected to organic or
inorganic pollution (Khandat
al., 2010; Ravindreaet al.,
2011).

Waste Water Treatment

The Rotating Biological

Contactor (RBC) are a range
of complete self-contained
sewage treatment plants which
are designed for small
communities and

manufactured in different
range of sizes (Connd008).

These units are ideal for single
house, small housing
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developments, hotels, public houses and smallsleep deprivation which can affect physical and mental
commercial developments. The units are compact,health (Douglas and Murphg2016; Murphyet al.,
self-contained, single-piece treatment plants that utilize2009). Noise level monitoring conducted in year 2012-
natural biological processes to effectively break down 13 around Maitri station shows Leq values varied in
domestic and commercial waste water (Heial., range of 48 to 63 dBA (with wind effect), whereas
2004). RBC is most preferred biological treatment electrical generators produced 108 dBA and helicopter
system inAntarctica to treat grey water generated take off generated 103 dBA of noise levels
from the stationTwo RBC were installed at Maitri  (Unpublished observations By K. Tiwari). These
station in year 1989-90 to treat the grey water results are close to earlier monitored by Ghosh and
generated from kitchen, laundry and bathrooms. Ramteke (1997) andwari and Kulkarni (2004) which
Efficacy assessment also has been carried out duringndicated that in and around Maitri station noise level
various expeditions, considering appropriate varied from35-57 dBA, whereas near operation of
indicators. The performance of RBC is evaluated in various machineries it varies in range of 66 to 105
terms of BOD, COD andmmonia nitrogen (N dBA. Antarctica being unique place more appropriate
N). During year 201-12, eforts were made to indicators should be developed to limit the exposure
improve the efficacy of RBC to tune it to meet design time and duration of noise levels,

parameters. Performance evaluation of RBC was__ ) _

carried out to assess the treatment efficiency of bio-Biological Environment

discs. It was noticed that the treatment efficiency of 5o ctic lakes possess relatively short and simple

B3- RBC was 27.8% in terms of BOD and 41.3%1n 45,4 chain, Kok and Grobbelaar (1978) states that
terms of COD. Whereas, B1-RBC was working with e 40p1ankton occupies the top of the food chain

efficiency of 66.7% in terms of BOD and 68.9% in ;6 15 the absence of fish. They found a significant

terms of COD (iwari et al., 2009).A laboratory ., relation between average primary production rates
experiment of tertiary treatment of wastewater is oasred by Grobbelaar (1974) and zooplankton
carried out using activated carbon method, which gavey; o 455 in various water bodies, and concluded that

the BOD remov_al up to 84%. Bharati station has beenzooplankton rely heavily on algal production and play
augmented with advance wastewater treatment

o : an important role as consumers of primary producers.
system comprising Membrane Bio Reactor (MBR).
System is functioning and meeting most of the time Study on phytoplankton at ice edge was carried
designed effluent standards, except when over loadingout by NIO during IlI-IASE (Sengupta, 1983). Micro
of influent observedVastewater outfall at Maitriand fauna of the Priyadarshini Lake of Schirmacher Hills
Bharati station have been analysed for presence ofvere studied with the objectives; evaluation of
pathogens and results found positive in few samplesgnvironmental characteristics, faunal density and
presented infable 2(personnel communication, distribution. Bacteria andeasts ofAntarctica are

unpublished data by S Kerkar). studied by Centre for Cellular and Molecular Biology
_ _ (CCMB), Hyderabad, during NASE to investigate
Noise Environment the molecular biology of microorganisms with a view

Numerous study conducted worldwide shows that _to understand the molecular mechanism of adaptation

increased noise due to machinery or aircraft/helicopterIn extreme cold conditions (Alaenal., 2005). Shival

impart health impact as well as annoyance. Noise™ al. (1989), were the first to repoRlanococcus

barrier and Personal Protective Equipment should be_species from thantarctic habitathlam et al. (2003),

used at high noise level area (Babisthl., 2009; isolated a new member of the gerRianococcus,
Baldaufet al., 2008). High noise level ca;n Iead to from a cyano-bacterial mat sample collected in the

Table 2: Heterotrophic and pathogenic counts at Maitri and Bharati station’s wastewater outfall

Stations  NutrientAgar Zobell MarineAgar Mac ConkeyAgar SSAugur TCBSAgar EMB

Maitri 2.31x10cfu/mL  1.98x1Gcfu/mL 0.45x1Gcfu/mL 0.75x106cfu/mL 0.35x1Gcfu/mL 0.49x106cfu/mL
Bharati 4.31x16cfu/mL  3.86x1Gcfu/mL 0.3x1Ccfu/mL 0.8x1Fcfu/mL 0.23x16cfu/mL 0.77x16cfu/mL
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vicinity of Maitri, the Indian station, in Schirmacher in some lakes of Larsemann Hills was enumerated.
Hills, Antarctica. Based on phenotypic and genotypic No pathogenic population such as Colifgrm
data, they concluded that the new isolate meritsSalmonella, Saphylococcus and Psedomonas was
separate species status, and therefore, proposed tlencountered (Khandeial., 2010). Howeveduring
namePlanococcus maitriensis for strain S1. XXXII-ISEA (2013-14), water sample collected from
. _ . lakes of Schirmacher and Larsemann Hills as well as

A profiling “”de_rv_vatef radlt_)meter was used in from the seashore near Bharati station, processed to
the vyateraround Maitri during thirteen IAS.E'by.NIO isolate 208 bacteria which includes; psychrophiles,
and it was concluded that greater productivity in the heterotrophs and pathogens. Few lakes at Broknes
Antarctic waters is due to higher quantum of light shown presence of suspected E.CBiliterobacter
received. The bacterial and fungal population of Shalmonela, Shigella, and Saphylococcus specie;

Antarctica atmosphere was monitored and it Was personnel communication, unpublished data by S
found that bacterial population was dominated by Gram Kerkar)

positive rods and fungal population Begnicillium

species (Lokobharathi and Krishnakum&®97). Alien Species: Threat to Ecosystem

Bryophytes collected in Schirmacher oasis represents, _ _

nine species of mosses under five genera and fourf N rapid global warming can affect an ecosystem
families.Around 19 Lichen flora of Schirmacher hills  changes to adopt naturallollution of water of

is collected and studied by the National Botanical PONds, lakes and Oceans is increasing day to day
Research Institute (NBRI), Lucknow along with heavy Which threatened the future course of life. The
metal analysis of lichen (Bera, 2012)gal flora  invasion of native ecosystems by non-native or alien
diversity study was carried out in fresh water streamsOrganisms; weeds, pathogens, predators, etc., is now
of Schirmacher Hills by Banaras Hindu University Widely regarded as a top threat to biological diversity
(BHU), which recorded over 30 species of algae worldwide. Of the many non-native species that may

predominantly belonging to cyanobacteria (Pandey and®® introduced to a native ecosystem, some act as
Kashyap, 1998). competitors, predators, pathogens, or disrupters of key

ecological processes (nutrient cycling, flood or fire

Ghoshet al. (1997b), estimated the Shannon regimes, etc.). Others exhibit no clear negative
weaver diversity index values of the phytoplankton impacts, or may enhance the habitat for certain native
present in various lakes around Maitri station, which species while harming other native components.
varied between zero and 2.54 indicating poor |nvasive species are described as “critical”,
productivity and, less number and uneven distribution “widespread”, or “among the top” sources of stress
of the species. Zub Lake represented, rotiferans,to conservation targets. Thus there is urgent need of
cladocerans and copepodids, the lakes at western sidgonservation to find ways of maintaining the high levels
of Maitri station, contained only one species of of biological diversity that are seen in todaworld.
nematodeAltogether eight varieties of zooplankton The synonymous terms was used to describe aliens
were recorded in surface water samples Diversity species are: introduced, exotics, non-natives. The,
index values varying from nil to 1.37 for zooplankton “invasive alien” has been widely used since th& 20
indicate nonproductive water bodies. century (McGeoclet al., 2015;Tiwari et al., 2006;
Walton, 1987). SCAR andTCM have developed
various guidelines and recommended measures to be
adopted in order to avoid introduction of alien species
@Antarctica (WP-25, 2012VP-53, 201). Logistic
operation including cargo, ship, aircraft and transport
vehicle, may act as carrier to invasive alien species if
proper measures are not adopted. Detailed study on
identification of alien species at Indian stations is to
be initiated soon.

The bacterial population in some brackish water
lakes of Larsemann Hills was enumerated by Krishnan
et al. (2009), shows that both freshwater and saline
bacteria were encountered in the lakes. These lake
were also found to harbor a large number of
manganese oxidizing bacteria, predominantly belonging
to the generghewanella, Pseudomonas and an
unclassified genus in the family Oxalobacteriaceae.
During the XXVIII to XXX-ISEA, bacterial population
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Initial Environmental Evaluation (IEE) lake water Ambient noise levels were monitored on

i e . the basis of day-night (Leq) as well as machine noise
Activities to be undertaken (Scientific and Logistics) levels. Soil samples were also collected to assess the
in AntarcticaTreaty area should be assessed for less

_ ) : _ particle size distribution, bulk densityater holding
than minoy minor or_transﬂpry and more than minor capacity porosity calcium, sodium, potassium,
or transitory according trticle 8 of Envwonm_ental __magnesium, oil and grease and hydrocarbons
Protocol.Assessment procedure as mentioned iN ontamination in the soil.

Annex-1 of Protocol should be followedT8, 2002).
Lamerset al. (2014) also in opinion that experiences Air quality prediction carried out employing air
in the use of strategic thinking and strategic quality model, Industrial Source Complex SHatm
environmental assessment tools in and outside oiVersion-3 (ISCST) for Bharati (Twari et al., 2007)
Antarctica represent exemplars that can be adoptednd Maitri station and mixing height is calculated based
by stakeholders in aAntarctic setting and can be on the radiosonde dada available from the nearby
scaled up to thantarctic region as a whol&.more Russian station, Novolazevskaya. Depth of Zub Lake
strategic approach to environmental governance in(source of drinking water), which is also known as
Antarctica should consist of different components, Priyadarshini Lake, was measured at various places
including strategic thinking, planning, decision making, and depth area relationship is obtained to find out the
implementation and monitoring. total quantity of water available and also the during
summer the total quantity of water melted and stored

Proposed activities at Ma|tr| and Bharati station in Zub lake is also measured form day to day basis of
have been carefully examined to prepare IEE forheight increment and surface area relationship.

plfacemint of §he|te|rPhL(J)'[2(IE;P-02(())2(),82007), i(;lstallation environmental management plan was prepared to
of earth station (IP- ' ), wind energy mitigate the adverse impact including health and safety

generators (IP-021, 2009; 1P-049, 2008), approach s ne occupants Wari and Kulkarni, 2004Tiwari
path (IP-001, 2010) and ground station (IP-075, 2013). P { ' '

. / : et al., 2006).
Preparation of IEE is useful tool to adopt environmental
measures during project implementation. Waste Management
Environmental Impact Assessment Station has the systems to collect and segregate the

waste as per nature of the waste i.e. bio degradable
and non-biodegradable. Furthiglodegradable waste

g_n cher:nlcfal Iflngerprlntlgg, tiluudatlonl of is also segregated as papers, rags and food waste.
logeochemical process and pathways, €co Og'caPaper rags etc., are burnt in a closed room by

assessment and remedlatlon research, thoggh the%cinerator and ash is collected in the drums similarly
are_process-orlent_emeetal., 2.009_) Human activity the human excreta is incinerated and the ash are
attributes to chemical contamination through exhaustCollected into the drum and all the solid waste is

gases and fuel SFI’_i”;c\;\ggCh is noticeable among Otherremoved from th@ntarctica and bring to country for
sources (Bargagli, ) safe disposal. During 1996-97, comprehensive

According to the Monitoring of Environmental €nvironmental cleaning put into force and around 20
Impacts from Science and Operationdittarctica ~ Metric ton of waste removed from in and around Maitri
(Bonner an@\ngei’ 1987) the monitoring improvement station (RaVindra, 2000) . Similar exercise carried out
is to be carried out and implemented which is the in year 2013-14 and 15 ton of waste has been
intact part of the Post- Environmental Impact removed which included used oil barrels, vehicle parts,
Assessment studignvironmental Impact assessment €tC.
study initiated at Maitri station during austral summer
of XIX-ISEA in year 1999-2000, selecting indicators
for ambient air (SPM, SPQand NQ). Essential  Research undertaken Antarctica mainly focused
physico-chemical parameters for analysis of wateron chemical fingerprinting, elucidation of
and wastewater defined and then analysed includinthiogeochemical process and pathways, ecological
biological study of phytoplankton and zooplanktonin assessment and remediation research, though they

Research undertaken Antarctica mainly focused

Conclusion
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are process-oriented (Acosta-Martireezl., 2015; analysis of data do not shows the significant change
Formentiet al., 2011). Holistic environmental in environmental indicator (heavy metal) except the
monitoring programme at the Indian scientific increment of iron in drinking water and presence of
permanent station, Maitri was started in year 1988.biological indicatorwhich is attributed to use of old
Awareness in environmental monitoring programme iron pipe and seepage of treated wastewater in Zub
has resulted into generation of noticeable databasdake during summePresence of E-Coli and pathogens
for future comparison. Indian team members arein nearby lakes of stations indicates careful
worked also in close cooperation with other coyntry examination of anthropogenic activities, however birds
i.e. Peru, Germanyran, France, Russia and South also acts as vector to transport organic ingredient and
Africa. dropping into lake watewhich may also have been

. attributed presence of pathogens in lake water

_ Black garpon concentration at Maitri and Bharati (Barbosa and Palacios, 2009; Grimatdil., 2014.
stations varied in range of 13+16.2 n§tmn26.5+16.2

ng/m?® is being attributed by long range transport, Realizing the environmental issues projected
however local anthropogenic activities are also through environmental indicators the efficiency of bio-
contributing nearly 1-3 pg/fnof PM, .. Station disc is improved and new advanced wastewater
operation and maintenance require huge amount otreatment system with UV filtration has been
fossil fuel to operate various life supporting commissioned. Measures are taken to block the
machineries and transport vehicles. Generators,seepage treated water by layering the pond with
incinerators and boilers being operated in stations areeinforced polypropylene liner

the main source of emission to attribute in environment, o o
which may have noticeable impact on the surrounding Every year around 80-100 SC|ent|st§/Iog|_st|cs
environment as well as changing albedo of snow Coverpersonel reach fintarctica to stay and work in Indian

enriching it with carbon particles @Meret al., 2013) Antarctic stations. There may be risk of introduction
Fossil fuel burning is main source of NC;x and 'SO of invasive alien species in the area where they work
emission, though maximum-average aml:z)ient and stayHowever this threat frodntarctica to India

concentration of NOx has been recorded in nearlyIS a:jmpst notdposspleld:ﬂe FO dlffer'enci\ln cllrrf1at|c
0.14 ppb at Maitri station, installation of state-of-the- conditions and survival of microganismsArray o

art silent generators based on Combined Heat andieasures are required to be implemented at Indian
Power (CHP) concept would mitigate further Antarctic stations as well as other stations which do

environmental impact (Fura al., 2011; Tiwari et exists inAntarctica. These comprises, yeasund
al., 2007). Presence of m ercury'/' i | aré:] ely attributed environmental monitoring, targeted scientific research,

to long-range transport, however abrupt change inmeasures on non-native species as well as regulations

the concentration of the mercury soon after blizzard ©" non-smentlflc activities including tourlsr_n_.
is a particular phenomenon that has to be furtherEnvwonmental impact due to some human activity

explored through experiments and observations. are |_rre\_/er5|ble _an_d I 1S matter of research and
monitoring to distinguish between natural and

Consumption of water from the lakes for routine anthropogenic pollution attributed by local or long —
need and drinking purpose ultimately produces range sourcATCM, CEPand COMNAPare further
wastewater and treated effluent also accumulate inupdating guideline on environmental monitoring with
the environment or joins water cycle thus enriching inclusion of recent measures, resolution and decisions
soil and sediment with heavy metals, organic andadopted during rece®TCMs. Sringent measures
inorganic constituents. Low treatment efficacy of and standards will improve the present scenario of
RBC (recorded less than 50% of BOD and COD stations and activities to protect pristidatarctic
removal) is a matter of concern and seepage fromenvironment.
wastewater has potential to contaminate downstream
lake waterthus in few location concentration of O Acknowledgements
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