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Abstract

Background: Cruise tourism to Antarctica has increased extensively in recent years.
It can be assumed that this has had an impact on the environment.

Methods: Searches were conducted in international specialist databases (e.g. Medline,
Web of Science) and electronic media using various combinations of the keywords
‘Antarctica, ‘tourism’, ‘cruise ships’, ‘environment’, ‘damage’ and ‘pollutants’ (January
1990 to January 2026). Only electronic media that met standard scientific requirements
(authorship, source references, etc.) were included. The search results are summarised
and evaluated.

Results: There is a significant impact of tourism on the region. This includes, among

other things, the disruption of breeding grounds, the release of various types of pol-
lutants, the introduction of non-native species, soil compaction and other factors. The

extent of the damage increases with the number of visitors.

Conclusion: Due to its extreme ecological sensitivity, Antarctica is not suitable for
large-scale tourism. The continent should be reserved for scientific research and oth-
erwise strictly protected. Practically everything that tourists can see and experience
there can also be seen in less sensitive locations. At the very least, tourism should be
much more strictly regulated and monitored than it has been to date, and the number
of visitors should be drastically reduced.
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Introduction

Ecologically, Antarctica is a highly sensitive region
and some specific climate factors which only occur
here make the situation even more critical.>? The sim-
ple presence of humans may have a long lasting im-
pact here. A footprint in Antarctic moss may need 100
years to recover and a lost piece of plastic may need
1,000 years or more for decomposition. Small volumes
of discharged oil may kill rare plants or animals,*®
and this takes place in a region where 60% of all land
living creatures and 70% of all marine diversity is en-
demic.* Plants, animals and tourists struggle about
the 2% of ice free land mass.*®* Numerous species are
already struggling to survive without the influence of
tourism.” It is expected that the number of king pen-
guins will decline by 90% by the end of the century
due to global warming and the associated melting of
ice.®® The more tourists visit the region, the higher
the probability will be that the region visited will be
damaged by some means or others.® Considering the
geographical and meteorological special features we
try to make a careful consideration whether tourism
to Antarctica is acceptable or not. Public data about
cruise ships will be taken into account.

We have the following personal preconditions: We
do not intend to present an alarmist perspective. We
also do not believe without proof anything which has
been published by the different pressure groups or
science. Numerous ecological crises have been solved
in the past through technology, science and political
will: The European wood died by acid rain in the 60’s
and 70’s—the problem was solved surprisingly fast by
obligatory filter systems, catalysators, and desulfur-
isers which became industrial standard.’ In the 70’s
the Club of Rome feared the end of several resources
like copper and lead.'®* Nobody talks about that now:
Today we are recycling more than 90% of the copper
and nearly 100% of the lead. By this we’ll have enough
for centuries. Unfortunately it must be stated that the
knowledge of technology and science will be used not
before it is virtually too late. And this is becoming in-
creasingly critical since denial of global warming is
becoming more and more widespread and measures
to protect the climate are being delayed, restricted
or even reversed. The paper aims to encourage the
reader to carefully consider about cruise ship tour-
ism in highly sensitive regions. It should be taken into
account that based on international contracts it is
necessary, that in and around Antarctica “no activity
shall be done which includes an inherent tendency to
change the environment in any way until activities are
fixed which are able to estimate such changes before
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and effective procedures are established to control it”
(Antarctic Treaty Consultative Meeting, ATCM VIII-13
und ACTM IX.5).

Special conditions of the
Antarctic environment

Meterology

In the northern as well in the southern polar region
a quite constant high pressure system exists. At mod-
erate latitude there is an adjacent low-pressure region.
The winds flowing off the high-pressure system are
deviated by Coriolis forces. This causes quite stable
southeast and east winds around Antarctica (“circum-
polar winds”) which are limited more northward by
western winds. On the northern hemisphere this is
principally the same, but here big land masses (Green-
land, Canadian Arctic, northern Russia) are disturb-
ing the system. By this a stable rotating wind system
as it is the case around Antarctica does not exist. This
stable system makes Antarctica an “enclosed environ-
ment” (Figure 1) while in the North there is a regular
exchange of air masses with lower latitudes by large-
scale turbulences. Already at the time of the clippers
these windy southern regions were called the “roaring
forties” and captains who mastered their ship around
Cape Horn were highly respected. A very good drawing
of these wind systems for January and July may be found
at https://www.blauwasser.de/globale-windsysteme. De-
tails about the system, its dynamics and stability may
be found at the information provided by the Australian
Government (Australian Antarctic Program, https://
www.antarctica.gov.au/about-antarctica/ice-and-atmo-
sphere/atmosphere/winds-waves-and-temperatures/
from-the-katabatic-to-the-polar-vortex/). An impres-
sive visualization has been published by NASA (2024) at
https://svs.gsfc.nasa.gov/31329/. It shows that Antarctica
is literally isolated from the rest of earth’s atmosphere
and that there is a low exchange of air masses only.

The situation at Antarctica’s coast becomes even
more critical by the continental Antarctic wind system.
The winds coming down from the ice shield and its
high elevation blow to the coast. Therefore any emis-
sion cannot escape (and be diluted), neither to the
north because of the circumpolar winds which block
the exchange of air masses with lower latitudes nor to
the south by the winds coming from this direction (Fig-
ure 1). In consequence emissions concentrate at the
ecologically critical coastal region with its numerous
but small breeding grounds.
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Figure 1. Antarctic wind systems, pollution and breeding
grounds (drawn by T. Kiipper)

A valid risk assessment for this narrow environment
is almost impossible. We simply do not know enough
about Antarctica’s nature. This is also true for the region
called “Amundsen Sea Low”, a stormy region southwest
of Antarctic Peninsula. But these storms do not signifi-
cantly support the dilution of contaminants. Summaris-
ing the atmospheric conditions cause that any pollution
will be locked within a narrow region along the coast.

Temperatures and UV-light

Because of several environmental factors (permanent
low temperatures, low UV radiation etc.) there is only
minimal degradation of contaminants in Antarctica.
As a first approximation the effect of contaminant dis-
charge may be called “permanent” there.??

Cruise ships—some facts

It is indisputable that most cruise ships still use toxic
heavy oil. Recent research showed only a few ships
are propelled by LNG (Liquified Natural Gas), even if
their number increases: While there was only one ship
in 2018, the Aida Nova, there are 23 reported in Janu-
ary 2026 (https://www.cruisemummy.co.uk/Ing-cruise-
ships/). However, this corresponds to about 5.4% of all
cruise ships only (end of 2024, see https://www.cruise-
tricks.de/wie-viele-kreuzfahrtschiffe-gibt-es-weltweit/).

Heavy oil is a residuum from the processing of miner-
al oil and contains several impurities, also sand and ash-
es. When burned several toxic substances are set free, e.g.
carbon dioxide, carbon monoxide, nitrogen oxides (NO,),
sulfur dioxide, particulates, volatile organic compounds
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(VOCs) and many others.*® All these substances signifi-
cantly impair the biogeochemical cycles.™* C. Busseau,
a shipping expert of Greenpeace, has summarized it as
follows: “Principally ships (also freight, author’s com-
ment) are floating garbage incineration plants”.'®

Larger vessels which are favored by the operators
for commercial reasons principally cause higher risk
for the environment, not only by direct discharge of
several substances.” In the case of an accident, a crash
into an uncharted rock under water or damages by ice
enormous amounts of contaminants may be released.’
They cannot be degraded in the Antarctic climate. In
spite of all progress in nautical technology half of all
ship accidents have happened from 2000 to 2012.% Al-
though more recent data could not be found there is
also no indicator for a decrease of this problem.

However, ships also discharge such substances via
leakages in generators and hydraulic systems or various
types of engines. Furthermore, there are several other
chemicals which are needed for a routine operation or to
clean a ship.' It is difficult to get reliable data, but careful
estimations show that a medium size cruise ship needs
about 150 metric tons of heavy oil. The use of such fuel
is regulated and restricted in Antarctica by the interna-
tional ban of heavy fuel oil (HFOs) in Antarctic waters
in 2011 (https://www.asoc.org/campaign/heavy-fuel-oil-
ban-in-antarctic-waters/). However, there is still skepti-
cism concerning severe environmental damage.’

Less discussion can be found about the “black
sheep”: A ship with 2,700 passengers produces several
metric tons of garbage every day'® and there are several
proven cases where such garbage has been disposed
illegally. Royal Caribbean was convicted to be guilty for
atleast 21 cases of illegal discharge of oil and chemicals
from their cruise ships. 1

How is the impact of cruise
ships compared to other
sources of pollution?

In the last 15 years several papers were published—of-
ten in internet publications, but with the authors or
institutions and references listed—which compared
the discharge of pollutants by cruise ships with other
sources, e.g. traffic. When reading this one has to be
careful since sometimes authors compare apples with
oranges, e.g. one comparison included the worst pos-
sible ship fuel with the best one for cars. That is, of
course, scientifically unacceptable. A reliable overview
for a standard cruise ship which needs 150 tonnes of
fuel per day is given in Table 1.
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Table 1. Emissions of a standard cruise ship [/day]*

Factor: 1
Cruise cruise ship
. Car equals
ship
passenger
cars:
Fuel consump-
tion/day 150t 0.002t -
Sulfur content 25 kg/t 0.005 kg/t
issi 376,030,220
SO2 emission/ 7,500 kg 0.00002 kg ,UU,
day
NO, emission
factor 35kg/t 0.35 g/km
NO_ emissions] 421,135
. emissions
day 5,250 kg 0.0124 kg
Particle emission
factor 3kg/t 0.012 g/km
p— 1,052,885
article
emissions/day 450 kg 0.0004 kg
CO, emission 3,179 kg/ 160 g/km
factor kg
pp— 83678
2 eMISSIONs/ o6 eshkg  5.698 kg

day

If a cruise ship needs 150 metric tons of heavy oil
per day,'® it releases more sulfur oxides and NO, into
the air than millions of cars or “the total traffic of
a medium sized town”. The respirable dust exceeds
the bus traffic of London (UK). This correlates to five
metric tons of NOx and 450 kg respirable dust per day
according to the German expert for exhaust fumes
Axel Friedrich, a former employee of the German
Federal Environmental Agency (https:/www.deutsch-
landfunk.de/umweltverschmutzer-schifffahrt-unge-
loeste-abgasprobleme-100.html).** And the amount of
exhaust emissions are substantial: According to the
owner the “Harmony of the Seas” needs 1,377 gallons
(more than 6,000 liters) of diesel for its three engines
per hour, correlating to 32,000 US gallons (about 145
m®, about 150 metric tons) per day. And without the
microbubble technology this would be 10% to 20%
more.'® Even without scientific data available one can
easily conclude that several hundred metric tons of
pollutants are produced per ship per day—even when
itis in a harbor. In contrast to a car where the engine
is shut-off when it is at a parking or in a garage the
engines of a ship have to run continuously to keep the
systems onboard operating since shore power in such
enormous quantities (11,000 volts, 400 amps) can only
be provided at a few ports. This includes to heat the
big tanks for the heavy oil which would harden when
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temperature should go lower than 60°C. About 40% of
their operation cruise ships are fixed in a harbor or in
the case of a cruise to Antarctica in front of its ecologi-
cally sensitive coastline.

The amount of pollutants is not the only argument,
but also the composition of the main contents: Heavy
oil may contain up to 3.5% sulfur. This is 3,500 times
more than gasoline or diesel may have for urban traf-
fic. The sulfur content has been reduced significantly
in European and North American seas to 0.1%, but this
is still 100 times more than in European urban traffic.
A cruise ship discharges about 7 metric tons of SO, (sul-
fur dioxide) per day which is similar to 376 million of
cars with usual daily driving distances (about 40 km).
Their respirable dust is also far above all limits of ur-
ban traffic: The “Harmony of the Seas” discharges as
much fine dust as 21.45 million Volkswagen Passat cars
would do. The calculation was based on a Variant 2.0
TDI with 190 PS and mixed traffic (data from Volkswa-
gen). But: In whole of Germany there are 45.8 million
cars only which means that this ship alone discharges
as much respirable dust as half of the German traffic.
The comparison per person is also impressive: Com-
pared to an Audi Q5 2.0 quattro, a car which would not
be called “environmentally friendly”, the person would
discharge 11.5 mg fine dust per day. The “Harmony of
the Seas” creates 5,146 mg per day and person which is
about 500 times the amount of the person driving the
Audi Q5! The CO2-footprint per person joining a 7-days
cruise is between 1,300 and 3,300 kg, depending on the
ship and the calculation model. NO, and VOC emissions
differ significantly depending on the technology and
burning temperature. The variability exceeds the limi-
tations of a reliable general estimation. However, these
substances contribute to the ground-level ozone.

The list of potentially dangerous substances could
be continued. An increased concentration of various
aromatic hydrocarbons has been found in the ground
near touristic destinations in Antarctica.’” The dominant
PAH congeners are naphthalene, phenanthrene and an-
thracene.” Black carbon content in snow surrounding
research facilities and popular shore tourist-landing
sites is considerably increased.” This darkens the snow
and makes it melt sooner. By this radiative forcing snow
melting accelerates and the snowpack shrinks by up to
23 mm water equivalent (w.e.) every summer.? The en-
ergy input into Antarctica through tourism can be esti-
mated quite accurately: each cruise tourist melts 83 tons
of ice.* That is 1,000 times their own weight, and with
107,270 tourists (2024/25),% this adds up to 8,904,310 tons,
or almost 9 megatons of ice melt.
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Impact of humans on the
ecology of Antarctica

Tourism in Antarctica disrupts this sensitive , complex
and dynamic ecosystem via at least five direct and in-
direct factors.'® This includes local and temporary ele-
ments, e.g. seasonal tourism.?* It is difficult to estimate
the importance of the factors in such a complex and dy-
namic system, but in Antarctica any impact is for sure
higher than in other destinations.'>?** Principally the
problem was realized a long time ago. But constructive
management is limited because tourism to Antarctica
is not subject to governmental control and mainly not
regulated. Therefore it is a real danger for Antarctica.**
Tourism operates in a legal vacuum here.*

Tourism and contamination concentrates seasonally
and regionally on those regions where many animals
live and which are picturesque. This happens during
the mating season of the local fauna and causes signifi-
cant ecological pressure.*>?”? Studies showed tourism
to be the most important factor among others and its
management needs the highest priority.**

As explained above, all discharged contaminants
concentrate along a quite narrow strip along the coast-
line and this is where most cruise ships aim to, e.g. Ant-
arctic Peninsula and the islands around it.'>** Unfor-
tunately this is a very critically endangered region with
a high number of species and individuals, among them
many critically endangered species. A special problem
is the increasing number of visitors: From 1958 to 1987
the annual number of tourists was less than 1,000. In
the 1980s the number increased to 2,500 to 3,000, in the
season 2011/12 there were 26,000 and in 2013/14 about
35,000 were recorded here.**%23% McCarthy et al. esti-
mated in their study that in 2019 there were more than
500 tours with 180 ships* and a total number of 74,401
tourists visited the continent in the 2019-2020 season
[35]. The highest number of tourists ever was in the
2023-2024 season with 122,072 visitors.? This was only
slightly less in 2024-2025 with 107,270 tourists of which
69,059 were “traditional expedition tourists” (with land-
ings) and 28,360 “cruise-only tourists” (without land-
ings).? 98% of all tourists visit the Antarctic Peninsula
region,* a concentration of humans which has a signifi-
cant impact on the environment there.

Another factor which has not been investigated ac-
cordingly so far is the introduction of potentially inva-
sive species by ships, a phenomenon which has caused
problems at other locations worldwide but in ecosys-
tems which are more ,,robust” than Antarctica.'’>* The
carry-over of angiosperms, bryophytes, microinverte-
brates, nematodes, fungi, bacteria and some seeds was
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found at Antarctic Peninsula.®”* At Deception Island"’
introduced species of fungi were found (Aspergillus,
Penicillium, Pseudogymnoascus, Purpureocillium,
Mortierella).” The ecological risk varies here signifi-
cantly because of the local situation. Whalers Bay His-
toric Site at Deception Island is assumed to be at highest
risk. Because of the small scale ecological variability
and the intense geothermal activity potentially invasive
species may find perfect conditions here. Among oth-
ers the introduction of the highly invasive algae Caul-
erpa webbiana is well documented.* The fly Trichocera
maculipennis was introduced here from the northern
hemisphere in 2005 and has spread rapidly here since
then.” The consequences for the ecosystem are still not
clear.” Recent data suggest that the establishment po-
tential of nonnative species, in number and geographi-
cal range, is considerably greater than currently indi-
cated by species distribution modelling approaches.*

The effect of substances used by tourists for care,
protection, therapy or misuse (drugs, hormones, sun
protection, pyrethroids, perfluorinated materials etc.)
is also unclear. Olalla et al.*® estimated the risk of these
substances by using the Hazard Quotient of the Euro-
pean Union. They found a high ecological risk by acet-
aminophen, diclofenac and ibuprofen.* They obtained
similar results for hormones (contraceptives), pyre-
throids (especially biphentin and cyhalothrin) and sun
protection.

Even the transport of tourists (disembarking, em-
barking) impairs the breeding habits of penguins. By
this the number of Adélie penguins at Cape Royds de-
creased by half during six years only.*** Tourism may
also cause acute catastrophic local impact if the visitors
do not behave properly: in June 1990, during a stam-
pede at Macquarie Island, 6,000 king penguins died af-
ter a group of visitors approached “offensively” to the
colony.* And even if the animals do not die tourists put
a massive stress on the colony.*

Medical risks associated with
Antarctic ecology

Exposure to cold, UV radiation, and specific risks like
hypothermia especially in the case of a fall into the wa-
ter is standard of advice by travel medicine. But more
and more elderly people, several of them with one
or more health risks, visit Deception Island with its
geothermal activities. Some of these visitors have an
impaired immune system. A mean age of the tourists
here of 60 years has been reported.* Geothermal ac-
tivities at Deception Island provide good environment
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for germs which are less cold tolerant. Persons with
impaired immune system may be at risk by thermore-
sistant aspergillus species, but also by pseudomonas
and other germs.** More recent data also show that
there is a potentially increasing risk of antibiotic-resis-
tant and multi-resistant germs, which would increase
the risk to people who are not fully immunocompetent
and, of course, to native fauna."

Some regions of interest for tourists were investi-
gated for soil contamination by parasites potentially
pathogenic for humans. In 10% of the specimens from
three of the five regions investigated there were Cryp-
tosporidia, Toxoplasma gondii, Diphyllobothriidae spp.
eggs, helminths (cestodes and nematodes) and other
species were identified.* Travelers should be advised
to follow standard hygiene procedures.

Conclusions

The comparisons mentioned above are based on some
assumptions and should not be interpreted as ,scien-
tifically hard data“. But they show in an impressive
way the scale of impact by tourism in Antarctica. This
needs consequences. Polar world is fascinating and it
is comprehensible that people want to see it. However,
with regard to a business which ignores since years the
possibilities of modern technology to operate with eco-
logically friendly vessels and which pushes this strat-
egy by perfect lobbying, Antarctica should not be an
option. Concerning the emissions and their effects and
also the significant ecological pressure by the large
number of visitors there are remarkable differences
between Antarctica and the Arctic. Growth and diver-
sification of tourism activities in Antarctica have not
been matched with proactive strategies for planning
or management although an adaptive management ap-
proach has been effectively implemented in managing
tourism in protected areas.®

What should a person do who is fascinated by polar
regions? With the information given above the authors
recommend to prefer the Arctic. By more intensive and
large-scale exchange of air masses the local impact is
lower than in Antarctica. Whatever one wants to see in
Antarctica may be seen in other, less sensitive regions,
too. In contrast to a common opinion this is also true
for king penguins which have a big breeding colony at
Tierra del Fuego.

However, there are even more possibilities to pro-
tect polar regions. Do not underestimate the power
of consumers! If they book environmentally friendly
cruises only at ships with modern technology (efficient
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filters for respirable dust, SCR catalysators which re-
duce NOx emission by 90% and modern fuel (LNG or in
future “green” hydrogen)) this will change the mental-
ity of those operators which ignore such necessities for
years and which discharge thousands of tons of emis-
sions every year into a critical environment. However,
also LNG is so far not always the golden path. Actually
LNG is available in a few harbors only. There are cruis-
es where the vessel itself burns LNG, but another one
which burns heavy oil pilots to the harbor to transport
LNG there when the cruise ship should need it.

There are several tasks to be done! Unfortunately
history teaches us that action will be taken only when
salary is going down. Let us travelers increase the pres-
sure on the operator’s bank accounts by careful book-
ing. We have the technology—we just have to want!
Then guests may enjoy their cruise without bad con-
science, but please not to Antarctica! However, to be
realistic: It may be impossible to shut down tourism
to Antarctica completely but then a strict management
which includes a limitation of visitors at “critical” or
most visited locations is a must.?*
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