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Abstract

Due to various scientific expeditions and tourism, there has been an increase in anthropogenic activities during the past 2-3
decades in Antarctica. Moreover, global contamination due to several freshly introduced chemicals like pesticides is on use
since the previous century and even several issues contribute to pollution in Antarctica. Persistent organic pollutants (POPs)
are persistent in nature and include some pesticides, polychlorinated biphenyls (PCBs) and dioxins. Due to volatile nature,
these pollutants are transported across the earth by the “grasshopper effect”. During a 34th Indian Scientific Expedition to
Antarctica in the austral summer of December 2014 to February 2015, a total of forty-five water samples from fifteen different
lakes was collected from Grovnes peninsula, Larsemann Hill, East Antarctica. In these samples, twenty-seven compounds of
POPs were estimated. POP’s level was found in the water samples from 10.00 to 75.00 pg/mL in different lakes. Occurrence
of p,p’-DDT was identified in all lakes, but maximum concentration was found in L1E NG lake. This research confirms that
Grovnes peninsula has a trace level of POPs and it is the initial state and needs to investigate further to preserve the pristine
Antarctica. This manuscript provides an overview of the available sample preparation methods, analytical techniques and
the concentration of POPs in the lakes of the Grovnes peninsula in a Larsemann Hill area, East Antarctica.
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1 Introduction

The Larsemann Hill (69°24" S, 76°13’ E) is a series of
islands and rocky peninsulas in Prydz Bay (Gillieson 1991).
It contains two major peninsulas, the western named Stornes
and the eastern Broknes, four minor peninsulas and ~ 130
near-shore islands. It is ~ 50 km? polar oasis without ice on
the Ingrid Christensen Coast, Princess Elizabeth Land, East
Antarctica, located halfway between the southern boundary
of the Vestfold Hill (410 km?) and the eastern boundary of
the Amery Ice Shelf of Prydz Bay (Fig. 1). It is the second
major among four ice-free oases found in East Antarctica’s

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s41748-020-00154-w) contains
supplementary material, which is available to authorized users.

< Laxmi Kant Bhardwaj
Ikbhardwaj @amity.edu

! Amity Centre for Antarctic Research and Studies (ACARS),
Anmity Institute of Environmental Toxicology, Safety
and Management (AIETSM), Amity University, Sector-125,
Noida, Uttar Pradesh 201303, India

coastline (Hodgson et al. 2005). Gillieson et al. (1990) stated
that ~ 150 freshwater lakes are found in different peninsulas
and islands of Larsemann Hill. Bolingen Island is the clos-
est significant ice-free area, and it is situated ~25 km to the
west-south-west, while Rauer Island is ~ 60 km to the north-
east from Larsemann Hill. The hills are dissected by steep
valleys lying between the ice sheet and the coast (Hodg-
son et al. 2001a) and include McLeod Island, Fisher Island,
Broknes peninsula, Grovnes peninsula, Stornes peninsula
and numerous other islands and nunataks. Grovnes penin-
sula is situated between the two major peninsula named as
Stornes and Broknes. Bharati research station (69°24.41' S,
76°11.72' E) is India’s third Antarctic research facility and
located on the Northern Grovnes between Quilty Bay and
Thala Fjord, east of Stornes peninsula.

According to Bharti and Niyogi (2015), lakes are impor-
tant creations on earth and provide water and valuable habi-
tat for plants and animals. In Antarctica, some of the lakes
are ice-free in the summertime from December to Febru-
ary when water temperature frequently exceeds from + 4 °C
to+8 °C. While in the winter due to the low tempera-
ture, lakes are covered with thick ice (~2 m) (Roberts and
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Fig. 1 Location map of the study area in Larsemann Hill (downside), Prydz Bay in East Antarctica marked on a continental map of Antarctica

(upper side)

McMinn 1996; Hodgson et al. 2001b) and make Antarctica
the largest stock of freshwater on the globe. Hodgson et al.
(2001a) also described the closed system of lakes which
contained V-shaped valleys normally around 50-100 m deep
within a 1 km range. These freshwater lakes are found in
basement rock basins in the Larsemann Hills and constitute
a natural laboratory to investigate the anthropogenic impact
on an untouched environment (Gasparon and Burgess 2000).
Except some major lakes, most of the lakes near Larsemann
Hills are recently formed (Gillieson et al. 1990).

According to the study of Abubakar (2007), the total
size of Antarctica (14 million km?) is larger than the foot-
prints of humans on that continent. While Legrand and
Mayewski (1997) described that the atmosphere of Antarc-
tica is affected by human activities, however, the impacts
are not uniformly spread throughout the continent. Due to
the increased anthropogenic activities and climate change,
the environmental conditions of the continent are changing
rapidly. Zhang et al. (2015) used the term final sink of many
POPs for Antarctica because POPs are frequently detected
in Antarctic biota. Corsolini et al. (2011) stated that POPs
are known as the pollutants and elicit a dangerous effect on
the Antarctic ecosystem.

POPs are toxic and semi-volatile in nature and persist in
the environment for a long time. They may exist in natural as
well as anthropogenic form and are used worldwide for most
of the applications like fire suppressants, flame retardants,
heat transfer agents, surfactants and pesticides. According to
Wild et al. (2014), these anthropogenic chemicals are ubig-
uitous and resist from photolysis, biological and chemical
degradation. Some POPs are now used in industrial pro-
cesses, disease control and agriculture and contaminate all
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provinces of the globe, while some are endocrine disrupt-
ers and can damage the body systems like the endocrine
system, reproductive system, immune system and nervous
system (United Nations Environmental Program 2009).
Long-term exposure to these chemicals can cause allergy,
while exposure to high concentrations in the short-term may
result in illness as well as death. Through direct exposure
and industrial accidents, these pollutants have a harmful
effect on the human. POPs have fatal properties and have a
tendency to accumulate toward the pole (Wania et al. 1996).
These pollutants migrate from one continent to another by
the process of grasshopper effect, and in this mechanism,
pollutants evaporate from a warmer place and condense in a
colder place (Hund 2014). The long-range transport mecha-
nism of POPs through the air, water and migratory species
is described by Barrie et al. (1992) and Fuoco et al. (2009).

Several researchers have reported the occurrence of POPs
in the Antarctic abiotic components such as lake water
(Dickhut et al. 2005; Fuoco et al. 2005, 2009; Bharti and
Niyogi 2015; Vecchiato et al. 2015), marine atmosphere/
air (Montone et al. 2005; Gambaro et al. 2005; Choi et al.
2008; Li et al. 2012; Piazza et al. 2013; Kallenborn et al.
2013; Wang et al. 2017), soil/sediment (Borghini et al. 2005;
Negri et al. 2006; Klanova et al. 2008; Hale et al. 2008; Park
et al. 2010; Cabrerizo et al. 2012; Zhang et al. 2013; Vec-
chiato et al. 2015; Mwangi et al. 2016) and Snow (Dickhut
et al. 2005) as well as in the biotic components of Antarctica
such as lichen (Park et al. 2010; Mwangi et al. 2016), mosses
(Borghini et al. 2005; Cipro et al. 2011; Zhang et al. 2015),
krill (Corsolini et al. 2006; Bengstone et al. 2008), penguin
(Corsolini et al. 2006; Corsolini et al. 2011; Vanden Brink
et al. 2011; Wolschke et al. 2015; Montone et al. 2016) and
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skua blood (Bustnes et al. 2006; Taniguchi et al. 2008; Wols-
chke et al. 2015).

Bhardwaj et al. (2018) have presented a review on POPs,
which were studied worldwide in biotic and abiotic compo-
nents of Antarctica. Corsolini et al. (2011) stated that the
scientific literature on the presence of POPs in the Antarctic
ecosystem is still very limited due to the high cost of the
scientific expedition and the difficulty of collecting sam-
ples. In this framework, the aim of this study is to contrib-
ute to the assessment of POP's level in the Antarctic lake’s
water, which was collected during the austral summer of
2014-2015 from Grovnes peninsula. This study is one of
the very few studies which analyzed many contaminants
from this area. This datum will be helpful to understand
the contamination level and monitoring of POPs in Grovnes
peninsula of Larsemann Hill.

2 Materials and Methods
2.1 Study area

The sampling sites for the analysis of POPs were chosen on
the Grovnes peninsula, and these sites are shown in Fig. 1.

2.2 Sampling

Total of 45 samples were collected randomly from
fifteen lakes of the Northern Grovnes peninsula:
L1C NG (69°24'25.43" S and 76°11'17.66" E),
L1D NG (69°2422.41" S and 76°11'22.26" E), L1E
NG (69°24'23.51” S and 76°11'25.20" E), L3 NG
(69°24'27.72" S and 76°11'2.70" E), L5 NG (69°24'32.83"
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Fig.2 Sampling sites of Northern Grovnes peninsula
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S and 76°10'45.75" E), L6 NG (69°24'37.30" S and
76°11'5.13" E), L7 NG (69°24'34.32" S and 76°11'39.41"
E), L7A NG (69°24'32.78" S and 76°11'57.96" E), L7B
NG (69°24'30.05” S and 76°11'57.38" E), Murk Water
Lake NG (69°24'53.37" S and 76°12'46.16” E) and
Southern Grovnes peninsula: L1 SG (69°25'13.70"
S and 76°13'18.33” E), L2 SG (69°25' 5.10” S and
76°12'45.05" E), L3 SG (69°25'09.07" S and 76°12'36.1"
E), L4 SG (69°25'04.46" S and 76°12'19.93" E), L5 SG
(69°25'08.65" S and 76°11'53.9” E) in the month of
December 2014 to February, 2015.

One liter of lake water sample was collected in amber
color sterile polypropylene bottles in triplicate from each
lake. Samples were immediately stored at 4 °C and then
transported to the analytical laboratory for the analysis of
POPs. The sampling sites of Northern Grovnes and the
Southern Grovnes peninsula are given in Figs. 2 and 3.

2.3 Equipment and Reagents

GC-MS/MS (gas chromatography—mass spectrometry)
(Model No.-7000C, Agilent), rotary evaporator and elec-
tronic balance (0.01 mg to 220 g) were used for the chemi-
cal analysis.

Standards for POPs from AccuStandard (Batch No.-
211111006 for PCBs and 214061235-03 for pesticides)
were procured for the analysis of POPs. Hexane and dichlo-
romethane were purchased from Merck. Sodium sulfate
and silica gel of mesh size (100/200) were purchased from
Fisher Scientific. Prior to their use, sodium sulfate was kept
at 400 °C for 4 h and silica gel was kept at 130 °C for 16 h.
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Fig.3 Sampling sites of Southern Grovnes peninsula

2.4 Sample Extraction and Cleanup
2.4.1 Extraction Process

Before extraction, the lake water samples were filtered
through a filter paper (Whatman No. 41) and were stored
at 4 °C until the analysis. By using USEPA-3510B (1994)
method, persistent pollutants were extracted from the water
sample. Each one liter lake water sample was taken into a
separatory funnel of 2000 mL with the help of one liter grad-
uated measuring cylinder, and then, 60 mL dichlorometh-
ane was added. The funnel was clapped for 1-2 min and
then kept for 10 min to allow the separation of the organic
layer from the water phase. The organic layer was then fil-
tered through the filter paper into a round-bottom flask of
250 mL. This procedure was repeated two more times, and
total solvent extracts were collected in the same flask. The
total volume of the organic layer was evaporated at 45 °C up
to approx. 2 mL by rotary evaporator. Then, the final 2 mL
residue solution was ready for the cleanup.

2.4.2 Cleanup Process

By using USEPA-3630C (1996) method, final solutions of
the lake water samples were cleaned up. Approx. 5 g silica
gel was filled into a glass column (10 mm width X250 mm
length) after that sodium sulfate was transferred into a glass
column. Before passing the samples, a mixture of 50 mL
solution of hexane and dichloromethane (1:1) was passed
through the column; then, the final extracted solution was
transferred into the glass column. After that 50 mL, hexane
was transferred into the column and the process was repeated
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again. The column elution was collected into 250 mL of
the round-bottom (RB) flask. The collected fraction of the
sample was evaporated at 45 °C through the rotary evapora-
tor, and then, the sample was re-dissolved into 1 mL with
hexane. After that, the sample was transferred into a GC vial
for the estimation of POPs.

2.5 Instrumental Analysis

GC-MS/MS (Agilent) system was used for the analysis of
POPs. The MS system was operated in an EI+ mode at the
resolution > 10,000. The final solution of the sample (1uL)
was introduced into the GC-MS/MS. The capillary column
HP-5MS (30 mx 0.25 mm X 0.25 pm) was used for the anal-
ysis. The carrier gas was the helium with a constant flow of
1 mL/min. The injector mode was a pulsed splitless with a
pressure of 27.5 psi and a temperature of 280 °C. The GC
programming was as: The primary temperature was 70 °C
and hold for 2 min, then ramped up to 150 °C at 25 °C/min,
then ramped up to 200 °C at 3 °C/min, finally ramped up to
280 °C at 8 °C /min and hold for 10 min. The time of the GC
cycle was 41.87 min. The detector makeup gas was nitrogen,
and the temperature was 280 °C. The temperature of the
transfer line was 280 °C. The temperature of the quadrupoles
QI and Q2 was 180 °C. Nitrogen was the collision gas with
a flow rate—1.5 mL/min. MRM (multiple reaction monitor-
ing) of these compounds is shown in Table S.

2.6 Quantitative Analysis

POP’s compounds were analyzed relative to their standards
through the GC-MS/MS system. One blank with every
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set of samples was analyzed throughout the procedure to
check for interference and laboratory contamination. Every
sample was examined in triplicate, and recovery rates were
40-100%, and this lies between the limit of the USEPA-1699
(2007) method. The analytical limit of detection (LOD) was
based on the signal to noise ratio. The detection limit for
POPs was evaluated as mean blank + 3SD (standard devia-
tion), and the value was 10.00 pg/mL. The average value of
the replicates was taken.

3 Result

The concentrations of POPs varied from 10.00 to 75.00 pg/
mL in fifteen different lake water samples, and these con-
centrations are shown in Figs. 4 and 5 and Tables 1 and
2. The main pollutant was p,p -DDT, and the concentra-
tion was varied from 15.67 +2.08 to 75.00 +4.00 pg/mL,
followed by endosulfan I (alpha isomer) 11.33+1.53 to

Fig.4 An occurrence of differ-
ent POPs in lakes of Northern
Grovnes peninsula
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DDT 11.33 +1.53-30.00+£2.65 pg/mL, endosul-
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mL, PCB 138 12.67 +1.53-21.67 + 1.15 pg/
mL, PCB 105 10.33 +0.58-19.00 + 2.00 pg/
mL, dieldrin 11.00+ 1.00-17.00 + 1.73 pg/
mL, «-HCH 11.67 +0.58-14.33 +2.31 pg/
mL, PCB 18 11.00+ 1.00-13.67 +1.15 pg/mL,

y-HCH 10.33 +0.58-13.00 +2.65 pg/mL, B-HCH
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Table 2 Estimation of POPs in the lake water samples of Southern Grovnes peninsula

S. no Compound name L1 SG (pg/mL) L2 SG (pg/mL) L3 SG (pg/mL) L4 SG (pg/mL) L5 SG (pg/mL)
1 Aldrin <10.00 <10.00 <10.00 <10.00 <10.00
2 Dieldrin <10.00 <10.00 <10.00 <10.00 <10.00
3 Endrin <10.00 <10.00 <10.00 <10.00 <10.00
4 Heptachlor <10.00 <10.00 <10.00 <10.00 <10.00
5 Hexachlorobenzene <10.00 <10.00 <10.00 <10.00 <10.00
6 p,p-DDT <10.00 30.33 15.67 39.33 38.33
7 o,p-DDT <10.00 <10.00 <10.00 <10.00 <10.00
8 a-HCH <10.00 <10.00 <10.00 <10.00 <10.00
9 f-HCH <10.00 <10.00 <10.00 <10.00 <10.00
10 y-HCH <10.00 <10.00 <10.00 <10.00 <10.00
11 Endosulfan I <10.00 12.00 12.67 13.00 15.00
12 Endosulfan II <10.00 <10.00 10.33 12.00 11.33
13 PCB 18 <10.00 10.33 <10.00 <10.00 10.33
14 PCB 20 <10.00 <10.00 <10.00 <10.00 <10.00
15 PCB 28 <10.00 <10.00 <10.00 <10.00 <10.00
16 PCB 31 <10.00 <10.00 <10.00 10.33 13.00
17 PCB 44 <10.00 <10.00 <10.00 <10.00 <10.00
18 PCB 52 <10.00 <10.00 <10.00 <10.00 <10.00
19 PCB 101 <10.00 <10.00 <10.00 <10.00 <10.00
20 PCB 105 <10.00 <10.00 <10.00 <10.00 <10.00
21 PCB 118 <10.00 <10.00 <10.00 <10.00 <10.00
22 PCB 138 <10.00 <10.00 <10.00 <10.00 <10.00
23 PCB 143 <10.00 <10.00 <10.00 <10.00 <10.00
24 PCB 153 <10.00 <10.00 <10.00 <10.00 <10.00
25 PCB 170 <10.00 <10.00 <10.00 <10.00 <10.00
26 PCB 180 <10.00 <10.00 <10.00 <10.00 <10.00
27 PCB 194 <10.00 <10.00 <10.00 <10.00 <10.00

DDT dichlorodiphenyltrichloroethane, HCH hexachlorocyclohexane, PCB polychlorinated biphenyl

POP’s residue is shown in bar diagram with error bars in
Figs. 4 and 5.

4 Discussion

The outcome of the present study specifies that lakes of
Grovnes peninsula have been polluted by traces of con-
taminants. DDT was detected earlier by several scientists in
varying concentrations (5 to~ 15,000 pg/L or pg/g) from the
water, soil, sediment, air, snow, mosses and lichen samples
(Borghini et al. 2005; Zhang et al. 2007, 2015; Cabrerizo
et al. 2012). Several researchers stated that DDT was banned
in 1972, but in some countries, it is still in use to control
malaria (Klanova et al. 2007; Ali et al. 2014; Geisz et al.
2008). According to UNEP (2008) in 2003, more than 6300t
of DDT was produced only in India. So it is not unexpected
to find the trace amount of DDT in the ecosystem of Antarc-
tica. DDT is released from stockpiles due to global warming
and transported through migrating seabirds UNEP/AMAP
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(2011). According to Li and Macdonald (2005), the usage
of DDT has declined significantly from the late 1960s. Our
findings of p,p’-DDT from the lakes of Grovnes peninsula
re-confirm the continental migration of the contaminants.
However, many researchers observed that the presence of
POPs in oceanic water samples is due to the melting of the
glacial (Corsolini and Focardi 2000) and also due to recent
climate changes (Geisz et al. 2008). Corsolini (2009) has
studied the concentration of some pesticides and PCBs in
emerald rockcod (Trematomus Bernacchii) of Terra Nova
Bay in Ross Sea and observed that concentration declined
from the 1980s to 1995s and then increased from 2000s.
Our result has also found a higher level of endosulfan I
(alpha isomer) after DDT. Apart from these two, aldrin,
dieldrin, hexachlorobenzene, endrin, endosulfan II (beta
isomer), y-HCH, B-HCH and PCBs have also been found
in trace amounts. Zhang et al. (2007) have reported the iso-
mers or metabolites of HCH in Antarctica. Wu et al. (2013)
explained that a and y isomers of HCH are more volatile
than P and they travel a long distance through the air, while
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f and & isomers of HCH are environmentally and chemically
stable compounds (Raina et al. 2007).

Several researchers have explained the accumulation and
biomagnification character of POPs in a lower trophic level
organism like krills, small fishes, etc., to the higher trophic
level organism of the food chain (Bustnes et al. 2006; Cor-
solini et al. 2007; Geisz et al. 2008; Bengstone et al. 2008;
Wolschke et al. 2015). Lakaschus et al. (2002) have reported
that HCHs travel a long distance through the atmosphere
and then accumulate in fish-eating seabirds. The POPs such
as p,p -DDE have been reported in southern elephant seal
(Mirounga leonina) and Weddell seal (Leptonychotes wed-
dellii) by Goerke et al. (2004). However, the present study
does not have the occurrence of any isomer of DDT and
HCH in the lakes of Antarctica. This may be due to the non-
degradation of the parent molecule in the low temperature of
Antarctica. Like DDT, a higher amount of other POPs is also
reported by several scientists in higher trophic level organ-
isms such as PCB in brown skuas, HCH in Adélie penguins,
HCB in south polar skuas and snow petrel (Taniguchi et al.
2008; Corsolini et al. 2011; Mwangi et al. 2016; Montone
et al. 2016).

Some scientists have explained the bio-magnification and
metabolic character of HCB in the Antarctic tropic webs
(Norstrom 2002; Wania 2003). Corsolini et al. (2011) have
described the PCBs in higher amounts in Adélie penguin,
krills, snow petrel and eggs of south polar skua from East
Antarctica. According to Fuoco et al. (2009), the highest
concentration of PCBs was found in the water of the Ross
Sea, while Zhang et al. (2013) have reported the PCB 28 in
pore water. Klanova et al. (2008) have reported the POPs in
soil/sediment samples of Antarctica. Schwarzenbach et al.
(2003) have explained that PCBs and OCPs have a tendency
to accumulate in higher amounts in lipids because lipids are
the major accumulation compartment in biota. The findings
of less chlorinated PCB congeners and higher contaminant
in the samples of the lake water indicate that besides the
anthropogenic activities in and around research stations, the
transport due to the long range is the main cause of con-
tamination in Antarctica. It also supports the evidence of
the long-range atmospheric transport of contaminants in
Antarctica.

From the present and previous study, it is concluded
that the occurrence of persistent pollutants in the Antarc-
tic residents because of biomagnification and the actions
of these residents is further leading to pollution of the
lake water, sediment and soil. Since the usage of most of
the pesticides such as DDT and HCH was banned in vari-
ous countries. Hence, “In The Future Research” besides
the assessment of these contaminants, recently emerging
contaminants need to be studied. Boekelheide et al. (2012)
have explained that future research will diagnose the dis-
ease by changing the levels of persistent pollutants and
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exposure over a lifetime. As illustrated in this future brief,
during the research on POPs complexities, a number of
issues arise and are not compulsory that the class at the top
of the food chain is mainly affected (European Commis-
sion 2017). POPs migration and impacts need to be studied
carefully, and other newly pollutants should be considered.

This manuscript provides many explanations to be
focused on persistent pollutant contamination and offers
clear faith that researchers can decrease the use of per-
sistent pollutants with the finding of the other replace-
ments and these replacements may be other substances.
Researchers should ensure that they cannot switch one
chemical difficulty with another. Non-chemical alterna-
tives may also be measured for the removal of these toxic
pollutants from the globe.

5 Conclusion

POPs are a very dangerous part of the environment. The
present report confirms the occurrence of persistent pollut-
ants as informed prior to other different Antarctic areas. For
the understanding of the contamination level of contami-
nants in a lower amount, we used to trace analysis instru-
ments like GC-MS/MS with a lower detection limit. POPs
are not used or manufactured in Antarctica, although they
accumulate in Antarctic biodiversity and in its environment.
If something is not done to decrease the amount of these
contaminants soon, the pristine environment of Antarctica
will suffer in the long run. For decreasing the risk of POPs,
we need to rapidly phase out these pollutants and require
a more effective monitoring system that could control the
emission of these contaminates; otherwise, they can cause
the death of humans and other animal species. The contami-
nation level of the contaminants is highly diverse in different
provinces of the same continent, and their level will change
with the changing of the biogeochemical mechanism of the
worldwide cycling, climate change and the destiny of these
chemicals.

Anthropogenic activities in the Antarctica are increasing
due to research and tourism, which affect its pristine envi-
ronment. The fuel used by different vehicle resources is also
a minor contributor of these pollutants. The use of plastics
like water bottles, poly bags, personal care goods, etc. if
these are not checked effectively, then they will pollute the
Antarctic environment in future. Vegetables, fruits and other
food items for the researchers and helpers also carry the
POPs residue. Continued monitoring of these pollutants at a
worldwide level is the main point to switch off its relocation
from one continent to another continent and to protect the
Antarctic biota as well as to decrease these contaminants’
contamination globally.
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