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Generic impacts of shipping

Table2  Generic environmental impact factors related fo shipping, and focus topics in the Arctic (not

in prioritised order)

Based on literature, eighteen impact
factors identified and categorised Iin

four groups.

Key identified impact factors

researched:
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Shipping activity Environmental | Focus in the Reference
impact Arctic
Physical passage (innocent Physical dishwbance | Breaking of ice. Divoky 1976
passage) Exposure of under-ice
orgamsme to e.g. avian
g predators
H INoige and vibrations Scarmg of ammals On-ice whelpmg Dooling & Therrien
‘E grounds (seals, walms), | (2012); Erbe
whales, fish spawming | (2012) Melauin, &
2 areas Campbell (2016
2 Brealdng of ice in shore-leads | Thinner ice_ broken | Indigenous fishing and | Cameron (2017}
g_ 1ce floes livelihoods altered
(social impart)
Navigation in shore leads, Collisions with Sluzgish and slow Feeves et al (2012)
polynya and in darkmess marine mammals moving Arctic marine | Huntington (2009}
mammals
Emuszions of soot, black Clumate warming, Local mcreased Wnther et al.
carbon, SO- particles incl. on- | = i melting of ice (2014); Alizbadi et
board incineration of waste al (2015)
Emssion of CO: and other Climate warming Potential ecosystem Corbett et al. (2010)
greenhouse gases (GHG) Ocean acidification level impacts
Waste water (grey- and black | Nutments, contami- Loehr et al. (2004)
water} nants, bacteria
= Garbage (organic/ plastic/ Littering Plastic waste in global | Wilewska-Bien et
= cardboard/ plywood, metal} focus. Microplastics al (2016) Lusher et
al (2015)
Oul, operational discharge Pollution Smothering, Femano et al
accumulation in fat (2009
based food chains
Antifouling agents (TBT and | Contammation, sex Mostly solved by TBT | Daffom etal.
other pesticides) change in molluscs ban (2011
Settling organizms on ships Introduction of alien | Potential ecosystem Chan etal 2013)
& hulls species. Biodiversity | level impacts
impacts
Ballast water Introduction of alien | Potential ecosystem Scriven etal.
species. Ecosystem level impacts. (2013) Ware et al.
level impacts Q016)
Harbours, Lighthouses, Dredgmg, Local habitat
& E navigation aids construction works difi
& 5 | Seacharting Vessel traffic in Risk of wreckage of Borgerson (2008)
=g uncharted waters charting vessels, safer
post survey navigation
Loss of vessel, decay of wreck | Physical decay and Long time emissions to | Schroeder et al
long time release of | e.g. coastal 2008
e.g metals foel and | commmumities at
residues wreckage site
Loss of cargo (containers, Pollution, Most ecosystem Bretvik et al. 2012;
“ liquid bulk, dry bull) exel navigational hazards | components influenced | Neuparth et al.
E petroleum (e.g. floating cargo’ (2011
k-] containers)
=2 Loss of propulsion fuel and Smothering, toxicity, | Most ecosystem Muncaster et al.
N petroleum cargo bi lati infh d | (2016), Paine et al.
HFO restiictions, area | (1996), Perez et al.
Trestrictions {2008}, Webster et
1897)
Tmpacts related to Search and | Helicopter traffic, Helorescue vessels in | Radseth et al.
Rescue (SAR] ships traffic sensitive areas 2015y

Accidents

Loss of vessel, decay of wreck

Physical decay and
long time release of
e.g. metals, finel and
residues

Losz of cargo (contamers,
Lgued bulk, dry bullc) excl.
petroleum

Fnﬂutl-:m,

navigational hazards
(e.g. floating cargo
conitainers)

Long tirme emissions (o
&2 coastal
commmmities at
wreckase site

Schroeder ot al.
2008

st ecogystem
components mfluenced

Brenik et al 2012,
Meuparth et al.
{2011}

Loss of propulsion fue] and
petroleum cargo

Smothering, toxicity,
bisaccumulation

Most ecosystem

colm imfluenced
restrichons, area

resinichons

Nhimcaster et al.

(2018), Paine et al.
(1996, Perez et al.
(20085, Webster et

al. (1997)
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Abstract

Shipping in Arctic seas is challonging and poses an environmental risk. This
paper presens a flalonal case involving a multipurpose supply vesel
mansponting one large abject (a 750-tonne compresor) and 24 comainers
laaded with chemicals and equipment for use by the petroleum industry in
western Siberia. With technical details represeniative of vessels navigating the
Arctic 1oday, the fictitous ship Olewen has an loe class sufficient for navigatng
unaccompanied in the Barents and Kara sess. so no asistance Is in mnge
when. in late October, dogged fuel flhers cause engine fallure and the vesel
eventually drifts ashore. Heeling aver, Olewm Joses both cargo and marine
diesel ofl. The scenado indudes a suecessful helicopter wescue of the 16
crewmenmbers and a partial recovery of il and chemicals by booms and
skimmers. Recovery of chemicals with physical properties not allowing
‘mechanical collection Is not anempied. The scenarko ends as the abandoned
wreck Is broken down at the stranding logaon, and containers rupture and
discharge thelr cargn. The scenaro postulaies a maderate and short-lived
environmental Impact. The most visible effects of the grounding are the hull
iiself. the compressor and the spreading effects and degradation of ofl and
chemieals unmanageable for the dean-up operations.

To access the supplementary material for this aride, please see the
supplementary file under Amicle Took, online.

Asessing the potentisl outcomes of  variety of options
through the analysis of one or more fictitous scenarios
& a valuable tool for assessing and predicting human
influence on namre and ecosystems. The scenario method
5 a rabust todl for asking “what if* questions in planning
for the future (Duinker & Grelg 2007). Here. a scenatio
approach s applied to the context of Arcic shipping,
with the aim of describing a chain of events that s as
realistic as possible. This Involves a vessel on a realstlc
voyage and a set of known {planned) and unplanned
everns, influencing the outcome. The discusslon covers
technological and envirenmenal fsues of Arctic ship-
ping as exemplified by the scenarlo

Priar Researen 2016, [ DN6L H. Larsan exal

‘The vessel, voyage. tme of the year and cargo were
¢hosen 10 represent a type of well-established navigation
expected o Increase in the Barenis and Kara seas, as
the mdustry of petrcleum exploration and raw material
extraction evalves (Arctc Cound] 2009). 0l and gas
eperations will move northwards dlong the coast of Arctic
Europe and Asla and the need for seabome supplies will
increase as production grows: the expart of ofl, gas and
other raw materlals by ship will increase. As the Arctic
Sea loe cover recedes both new and existing shipping
routes will become loe-free and expedations for in-
creased transport along the North-cast Passage, among
ather routes, are high (Schoyen & Brathen 2011: Smith
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Modelling of fate of a contaminant

Ecological Modeling 331 (2016} 77-55

Contents lists available at SciznceDirect

Ecological Modelling
. ) The mussel path
journal homepage: www elsevier.comilocate/ecolmadel
[ Input | [ Modelling | | Outputresults |
The mussel path - Using the contaminant tracer, Ecotracer, in Ecopath @ ; :
= 2 E Otk Ecological baseline date from the Pechora i
to model the spread of pollutants in an Arctic marine food web s (Iigterature) Ecopath First result
Lars-Henrik Larsen*, Kjetil Sagerup, Silje Ramsvatn Pechora seafood-web Mussels and benthic
Aloapi. v, Frars Cemie: oot G806 e, 1206 Trorem Saway :> model invertebrates are highly
27 functional groups important in the Pechora Sea
ARTICLE INFO ABSTRACT food web
o e the polar ice cap Iz receding. shipping in the Arciic seas becomes easier, and both destination and
Adlanti Therehy.
Pechora Sea -—AITD\.
Lodn forn ey el il (4EDL. Mo Dlecel il (MD0) i threfce gt a3 preerale ol hipe
- ating in. b
e both types affud, nnm asvalle nc c2n trarafer up she e chian A gl of MDD el Output/results 3
2 chipwreck culd thersfore have | il site and long after the diesel has spread E
and evaparated. W model the spread of BAH from 3 fictitious spill of MO in the Pechora Ses (South Expected cospace X .
[ & i ’
Ve sidrees o s th ot Foces by e fend o ——— Eitted model Theoretical spread of PAHin the
the and : e &
deguation af pollutanas fr Tllowing oaer specifed rates. By combining m Raturs s o (literature) Spatial variation Pechora Seafood-web
PAHs i seauweate and in bive messes (Myls eduits)recarded at an secdental MDO sill e, with s e
conducted o the red king iz, we derived 1
values 2= irputs irde the model. The Exniracer predicted that the pallisicn in the musssels will spread ¢ : |
g the foadweb, epecially s the o predters of msets, g sidee Somaterts pechibat] Highest concentrations 1
and e alza from v . 7 A
e per biomass within 6 I
& 2015 Elsevier BV, Al rights reserved. months J
Experimental |
1. Introduction International Maritime Orginization (IMO, 2005). The coastiing data on PAHs & g
inclisdes many low-level marshes and wetlands which are exposed in water and
The Pechara Sea (67-71 N, 44-60 “E) in the Russian Arctic  to frequent and long-term fiooding during spring and sumimer, as ) 40
i5 SilU3ten i Me SOULN-E3Stern Barents 5ea (Fig. 1) and is con-  well the J0rasive efIects of 523 i0e. Muoay, SNallow Waler coasts organisms Ecotra cer
sidered to be 3 Separate sea area because of marked differences  are characterized by high abundances of mussels. In the case of an 20 Walrus
in environmental conditions compared to the rest of the Barents m] sn]l snzuw saft seciment areas are known to accumulate o, Simulations of 0
Sea The area is an impartant spawning ground for Arctic fish xampie, after 3 spill on the coast of Massachosetts,
and is fich in seabirds 2nd mammals that feed an benthic inver- us.lm 1959(cn_nc~uon etal. 2008, On site flow of 0 2 4 6 g 10
tebrates (Balfunov ef al. 2010). The Atlantic walrus (Ododenis As the polar sea ice cap recedes. SNipRng and industrial activ- ” |::>
TOSTMINS TOSMATUS) OECLT N the Pechora Sea, and one of very ities become easier in the Arctic seas. Increased activities mean measurements contaminants
few poulation estimates indicates 2 summer population of 3043 increasad risk of accidents. The Pechora Sea is one of the areas H
animals {Lycersan et al, 2012}, Walros feed on benthic 0TEanisms  expectad to ol large sub-seabed depasits af hydrocarbons, The of PAHs froman froma ship Spread _to almostall
in shallow waters, and haul out on either low elevation beaches,  first offshore gilfield in the Pechora Sea, Priraziomnoye, G0km off 2 e wreckin the groups in the model
or an the sea ice. The Pechora sea is identifled as an area of Nigh  the Siberian coast (Fig. 1) at 2 water depth of 20metres started accidental spill in
ecological i e AICHC MONGLOTNg and ASSESSMENt  PrOQUCTON in 2014. THE gil MOM Me PRifazlomnaya insailaton is the Arctic food web
PTOGTAMIME (AMAFCAFE[SOWG, 201 3) Dased 0N CTIMERasEcDy e eXported by ice strenginened Gnkers. §
This modelling exercise is based on a Actitios ship wreck

* Comesponuing auhe Tel: o7 4811423
scitress: Larsiapnni {L-H. Larsen).

hittgdedoiceg 11016 2colmodel 2015 10011
0304-3800)© 2015 Esevier BN All rights reserved.

(Larsen et al, in press) where the container vessel MV “Ofeum™
Suffers 2n engine malfunction 2nd runs 2ground on e north west-
em cormer of Vaygach (Fig 1), thereby reieasing approximating
200 tonnes of MDO. Ta assess the environmental impact of an ail
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Marine Environmental Research
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Biological effects of marine diesel oil exposure in red king crab @mm.
(Paralithodes camrscharicus) assessed through a water and foodborne

exposure experiment

Kjetil Sagerup =" Jasmme Nahrgang °, Marianne Frantzen °, Lars-Henrik Larsen =5,

Perrine Geraudie
gl i P G, e GO L M0-820 T Moty

U T e Ly f Ny Do Wi S NS T, Ny
ARTICLE INFO ABSTRACT
ek dy. Shipping & avitkes are expeed i inciease n the Afcik Seas. Tody, the majoriy of veseks are wang
R 11 March 208 ‘marine dicacl oil (MDO) a3 propubsion fuel However, these 5 2 general kack of know lege of how cold-
sk i redsd ba WAET marine specics respand D acuE exposures to MDO. Arctic red lng crals (Reralithodes come-
v 8 schatious) were expased i meebarically dispersed MDO in 2 flew-shimagh eqposre gaem for ans
Ml sl 30 May 200 EIVETy

in = Further, pe oy im high expesed
_—_——————— crab, hecaalne bewen
e ——— wmwﬁlwm . activiy. A [
[reyr
Bl reduced, mmw:hmmﬂmqamwmmnucm The resuk:
Pt de came chaticns p—
Myt ok 5045 T Ao, Puliehed by Ehavier 1A Thi & 1 apin st 7o 1e rcin B €€ BV ND
Chlamy 3t cense (g e ivecommans org/licenses fy-nc-ndid ).
Sbbd s
1. it rodudion HFD s geacrally Bighe sulphur contents comparedt MDO, nd

Reduced ice cover in the Arctic leads o increased human pres-
ence and actvitie. Shipping Euriam and fhing are s ezsing in

many
dshpupem ot e Areit and mam@hmmmx

wrill be ensbled with the changing sea e canditions (Smith and

leading 1o increased costs due to mandstory investments in
leansing of exhaust ( Martmsen. 201 3) Finally HFO silled into the
sea has low e compared ta ather petraleum prod-

ucts, thersfors remaining in the water far 3 kingsr period and
presenting a larger potential for soiling expased littaral habitas.
Bndmdls.dm\a(dimdpmﬁnhp]h)guihk}um)dad

Stephensan, 2013} This inkemificaion of ship taffic leak ©
. B =

el
To limit spills in case of an accklent. ships produced after 2010
have ta obey stricter nies fr protecian of- and apacity of their
fuel tanks (DNV, Zmﬁ\lh\rlmad!.mtmd\m\lx]uy& e ey
fuel ol (HFO) a8 pr
Mmmd&}ﬂﬂwn}ﬁmlﬂ“ ta 052 ta-
wards 0028 is expected o imply a shik towards ghter pra-
i i h 25 gasaline or mari (MDO) Indesd,

= Corm spnaalog asthix.
Bl bl kel g g capLan s, . S

b g 11008 s e 006 5 07
Aty

MO singaesn o eciee exciogical mmum Tas a higher
coneene of shon-chained hydrocrhons, and 3 larger part af the

in MDO compared i HFO svaparates in case of 2 spill
(Fingas, 2011) Even 3t low temperatures MDO would schibit low
viscasity and thus 3 higher potential for dispersian and biodegra-
datian compared & HFQ (Fingas, 2011}

Despite lower prices af KR, 2 review of sutellite based Auto-
matic Kentfication System (AIS) data of ship sailing in the Arctic
during August—November 2010 showed that anly 205 of the ves-
sels were designed for using HFO a5 propulson fusl (Martimen
&t 3l 2011) Vesmels aperating in the Arcic seas are mainly fish-
ing baats, local community support vesels and smaller passenger

o s byt 0]}

+ hiwalvia as fnod
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Ecosystems during polar night

Extending the autumn
navigation season means
iIncreased navigation
during polar night.

Paradigm: Marine
ecosystems are dormant
during polar night — Is this
correct?

Fish feeding during polar
night investigated as
indicator of ecosytem
activity |
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Scientific conclusions

« A scenario approach provides a learning example by itself, and offers a

wealth of opportunities for further analyses of potential outcomes of a chain
of events.

« Spatial ecosystem modelling is a useful and needed tool in remote areas
with scarcity of updated environmental information. Application of in-situ
and experimental data into the model strengthened the predictions of
spread of contaminants to all trophic levels.

« Experimental ecotoxicology provides useful data on accumulation and
excretion of PAH in Arctic species. Design of experimental conditions are
of outmost importance.

» Fish play an important role in a biologically active polar night ecosystem.

Any perturbations may prove as environmentally significant during January
as during July. '

......
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"Suppleméntary observations™

* No conclusive documentation has been discovered on shipping in the
European Arctic causing perturbations to marine ecosystems

* Impacts of shipping are and will be masked by impacts of GW

« A ships wreck will most likely be left to decay on site due to economic,
safety or practical issues

. lelted |f any, confldence by stakeholders, managers or policy makers in
the Paris agreement on limiting GW £ S B TR
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