
Dr Jasmine Nahrgang describes 
the wider context of her 
consortium’s work, including the 
need for a holistic, multidisciplinary 
approach and the importance of 
communicating these efforts to 
the wider community

Why is the risk of oil spills and exposure 
of marine organisms to different oil 
compounds increasing?

The Arctic has become a focus of attention in 
the last few decades as it is believed to contain 
some of the largest remaining oil reserves of the 
world. The oil and gas industry is moving North 
in search of these resources. At the same time, 
there is a retreat of summer sea ice, allowing for 
increasing levels of ship traffic along the Siberian 
coast. The environmental conditions in the Arctic 
are more extreme than further south, due to the 
remoteness, the presence of sea ice, and the polar 
night. This region is logistically more demanding 
and the risk of oil spills is of course present from 
both offshore and shipping activities. 

By what methodology are you studying these 
effects in polar cod?

The PolAriSATioN project brings together 
world-leading experts from many different fields 
of sciences to answer these questions. it is only 
through a holistic approach that we will reach 
our objectives. We are using advanced methods 

in chemistry and pharmacology to study the 
uptake and bioavailability of polycyclic aromatic 
hydrocarbons (PAHs) in polar cod. We are 
developing in vitro cultures and using advanced 
molecular methods to study the mechanisms 
that are initiating the toxic responses. Finally, 
physiology and ecology are crucial to scale up 
these cellular effects to consequences for the 
individuals and population.

What are the benefits of using methods from 
a number of disciplines?

This will help us to achieve a holistic 
understanding of the toxicity processes occurring 
and leading eventually to visible effects such 
as reduced growth or fitness in the fish. This 
also allows us to gain basic knowledge of key 
metabolic processes that are crucial for the 
organism, and that may be relevant for other 
questions, for example adaptation to Arctic 
environments and consequences of human 
disturbances in general. 

Could you outline the consequences for the 
polar cod population and the ecosystem?

Based upon so far unpublished and preliminary 
data from the initial phase of the project, we 
have documentation on both a gender-specific 
reproductive strategy as well as differences in 
life history traits (lifespan, growth rates and 
mortality rates) between areas influenced 
by Arctic and Atlantic water masses. Effects 
of anthropogenic pollution that are linked to 
climate change will be important to elucidate in 
order to predict direct and indirect effects of a 
changing climate on this key species.

How do you intend to communicate your 
results to the wider research community as 
well as to policy makers and industry?

in order to achieve better interaction and 
communication with the community at large, 

we have a dedicated work 
package that consists of yearly 
workshops with project members 
and invited speakers. This will integrate and 
communicate both specific results from 
the project and general ecological aspects 
concerning polar cod. This will ensure that 
the results of the project are not merely kept 
and communicated within certain fields of 
science, but that the research may make a 
bigger and more visible impact within Arctic 
science. our first workshop is planned for 
summer/autumn 2013.

Could you highlight a major target in terms of 
policy change or further research that could 
protect polar cod from the damage caused by 
exposure to oil compounds?

Polar cod is a widespread species with life 
history traits intimately linked with the 
High Arctic environment. These traits are 
today not fully understood, with clear gaps 
in knowledge connected to, for instance, 
factors affecting the species during the polar 
night. Conservation of this species is thus not 
achievable without a holistic approach and 
protection of the Arctic.

How is your approach novel in comparison 
with other studies in this research area?

The project is perfectly timed to a number 
of environmental and society related issues. 
The Arctic is changing at an unprecedented 
scale and rate, highlighting the need to carry 
out basic research on this key species now. 
PolAriSATioN is not only studying the 
effects of PAHs, it will also provide new basic 
knowledge on lipid homeostatic processes in 
this organism as well as other physiological 
processes that have a high significance for 
understanding the potential effects of climate 
change and combined anthropogenic stresses on 
this key species.

Polar cod squad
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ArCtiC eNviroNmeNts Are characterised 
by a set of unique challenges that affect 
the species living within it. Two of the most 
important factors are the strong seasonality in 
light and food availability. in this context, species 
living in the Arctic ocean are adapted to deal 
with long periods of darkness, and limited access 
to food, and have evolved special adaptations 
to handle these challenges. But current human 
intervention could very quickly lay waste to this 
evolutionary pragmatism.

A key Arctic species is the polar cod (Boreogadus 
saida). This fish exist throughout the entire 
Arctic ocean, representing an abundant 
and important food source for many marine 
mammals and seabirds and therefore also the 
health of the wider ecosystem. The success of 
polar cod can, at least in part, be attributed 
to their highly adapted and closely regulated 
fat storage system. By carefully timing the 
storage and utilisation of their body fats, 
polar cod are able to overcome the seasonal 

challenges of the Arctic ocean. When food is 
available, the polar cod stores body fats as a 
source of energy, these are then utilised later in 
the year when food is scarce. As such, effective 
lipid regulation, also called lipid homeostasis, 
is crucial to the reproduction, growth and 
life history of polar cod. But now human 
intervention in the Arctic could be responsible 
for altering polar cod lipid homeostasis.

tHe ProBlem WitH PollutioN

Previous studies and preliminary work have 
demonstrated that polar cod is susceptible to 
increasing levels of pollution. of particular concern 
are pollutants associated with the expanding oil and 
gas industry as well as shipping within the Arctic, an 
issue set to become more prevalent as companies 
and governments explore the new territory created 
by the receding Arctic sea ice. it is against the 
context of this conflict between the health of the 
polar cod stocks and the interests of the industries 
that the work of dr Jasmine Nahrgang and her 
colleagues from the ‘Polar cod, lipid metabolism 
and disruption by polycyclic aromatic hydrocarbons’ 
(PolAriSATioN) project emerged. 

To better understand the implications of the 
conflict, the team is attempting to elucidate 
the relationship between pollution and lipid 
homeostasis disruption in this important fish 
species. The components of oceanic pollution are 
numerous, but the researchers are focusing on one 
major group of pollutant called polycyclic aromatic 
hydrocarbons (PAH), a common component in 
petroleum related products: “our main goal is 
to increase the knowledge of the effects of the 

toxic fraction of crude oil on the polar cod and the 
mechanisms that are implicated in this toxicity,” 
explains Nahrgang. 

in order to understand this effect the group has 
divided their research into addressing three main 
questions: firstly, how PAHs are taken up by the 
fish; secondly, cellular mechanisms that cause 
toxicity; and finally, what implications this toxicity 
has for the health of the fish and thus the wider 
ecosystem. PolAriSATioN is still in its infancy, 
but its importance is undoubted. Even with 
preliminary research and early data, there are clear 
indications that pollution is having a marked effect 
on the polar cod. 

A smaller study funded by the Fram Centre and 
Environmental Waste management (EWmA) 
project indicated that pollution was reducing 
the growth of polar cod and perhaps more 
importantly their biological fitness, ie. their ability 
to produce healthy and reproductively active 
offspring. This early work, combined with other 
relevant studies, allows Nahrgang to predict the 
outcomes of her current research effort: “We 
expect that lipid homeostasis will be altered and 
have consequences on processes involving lipid 
storage and use, such as disrupting reproductive 
processes,” she states. Nevertheless, she notes 
that the team recognises the need to avoid any 
firm conclusions until the full dataset is collected: 
“The effects may be so complex that the results 
may be different”.   

The group expects to collect data that links 
pollutant and reduced population health, but 
perhaps more challenging is the goal to elucidate 

Polar pollution
researchers from the university of tromsø are attempting to elucidate the damaging impact of anthropogenic 
pollutants on polar cod and the harmful consequences of the oil and gas industry on the Arctic ecosystem
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the cellular mechanism that facilitate these 
observable impacts. in that pursuit, Nahrgang 
and her colleagues are focusing on a small 
cellular receptor which they believe may play a 
crucial role in this toxicity. This protein is called 
peroxisome proliferator activated receptor alpha 
and the team hopes to establish if it is responsible 
for some of the effects. By elucidating each step 
in the process they aim to provide a holistic 
overview of the effects of human activity 
on polar cod, from cause and mechanism to 
population level effects. This comprehensive 
study may provide the knowledge needed to 
inform later conservation and research efforts.

tHe imPortANCe of fooD AND WAter 

Alongside this holistic overview, the team has also 
set themselves a second research goal. The majority 
of work regarding the effects of waterborne 
pollutants has focused on water exposure. This 
may not be surprising as it is the main form of 
contact for aquatic organisms, however, Nahrgang 
has previously postulated that in the case of PAHs 
and polar cod a surprisingly significant impact is 
caused by PAHs ingested while feeding. The greater 
than expected importance of food exposure may 
be explained by a combination of physiological 
and external factors, characteristic of Arctic 
environments and resulting in higher uptake from 
the food, thus increasing the cellular exposure time 
to both.

While the group has a clearly defined approach 
and methodology, which will provide much needed 
data, the collection and analysis of samples poses 
serious challenges: “A large part of our work starts 
by developing and optimising the needed protocols, 
such as in vitro cultures before we can really focus 
on the main questions,” explains Nahrgang. The fish 
themselves are collected in the fjords of Svalbard 
by a research vessel called the Helmer Hanssen 
from the university of Tromsø. The fish are then 

reared in tanks. it is vital to the study that these 
organisms are in good health and fairly reflect 
their physical condition in the field. This process 
is expensive, demanding a large portion of the 
PolAriSATioN budget; 12 million Nok provided 
by the Norwegian research Council and the 
university of Tromsø.

PolAriSATioN is a crucial component in 
the current efforts to better understand the 
impact caused by anthropogenic activity in the 
Arctic. The work of Nahrgang and her team can 
hopefully be used to inform and plan effective 
conservation measures. if we are to stand any 
chance of preserving the Arctic ecosystem in the 
face of rapidly expanding oil and gas and shipping 
industries, research such as this must keep pace 
with the industrial machine. This conflict and the 
need to understand our impacts will only become 
more important as Arctic ice melts – revealing 
more water for exploration by the energy industry. 
We must understand our impacts on polar cod and 
the wider ecosystem now, before conservation 
and protection become unachievable.

PolArisAtioN
oBJeCtives

The main goal of this project is to investigate 
whether PAHs can cause negative effects 
on the lipid related processes in polar cod. 
moreover, the group will consider the 
underlying mechanisms in the processes and 
their consequences.
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international partners:
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The project is an integrated part of the 
ArCToS network (www.arctosresearch.net)
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