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SUMMARY 

The Arctic environment 

The Arctic environment, covering about 21 million km 2, is in this 
connection regarded as the area north of the Arctic Circle. General 
biological and physical features of the terrestrial and freshwater 
environments of the Arctic are briefly described, but most effort is 
put into a description of the marine part which constitutes about two-
thirds of the total Arctic environment. General oceanography and mor
phological characteristics are included; e.g. that the continental 
shelf surrounding the Arctic deep water basins covers approximately 36 
% of the surface areas of Arctic waters but contains only 2 % of the 
total water masses. 

Oil inputs to the Arctic 

Information on reported oil spills of petroleum hydrocarbons (PHC) to 
the Arctic has been collected from the eight states bordering the 
Arctic region. The amount of information and probably also the 
accuracy of the estimated values varies considerably. Information on 
continous discharges is scarce, and estimates of indirect oil tran
sport (by the atmosphere, ocean currents and rivers) has not been 
available. Order-of-magnitude calculations by tentative and indirct. 
methods show that - on an overall scale - the river transport is the 
main contributor of PHC to the Arctic (estimated to 200 000 metric 
tons per annum). 

Measurements of the hydrocarbon contents 

The few measurements of hydrocarbon contents in the water column, the 
sediments and the biota cover scattered spots and limited period of 
times. High values of oil concentrations are reported from Siberian 
estuaries {100 pg/1 in the 0b Gulf; i.e four times greater than some 
of the most polluted rivers entering the North Sea). However, differ
ent methods of analysis make it difficult to do comparative assess
ments of the reported values. One object of the proposed environmental 
monitoring and assessment programme of the Arctic should be to remove 
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this uncertainty and establish an agreed state of oil pollution level 
in the Arctic. 

Effects of oil on Arctic habitats 

The Arctic marine environment has three main habitats; the benthic 
(bottom) habitat, the pelagical (free water) habitat and the sympagic 
(sea-ice) habitat. Biological features of conspicious plants and 
animals from these three habitats are included. Examples of how oil 
and its presence in the environment may influence the environment are 
given. Most of the effort is put into describing effects of oil on 
living organisms. 

Trends 

There is a lack of good trend data for the oil inputs to the Arctic. 
Acute oil spills show large variations from one year to another, while 
the available data on long transported pollutants (atmospheric and by 
rivers) indicate fairly stable annual inputs. 

Measures 

The total pollution level, as well as some of the single sources for 
pollution, can be monitored and the data used for pollution control. 
Both precautionary regulations as well as measures may be applied. 

Regular monitoring of the total pollution level as well as of known 
single point sources is necessary to be able to control the pollution 
and the effect of measures applied. Monitoring programs should be 
based on adequate, coordinated analytical procedures. Satisfactory re
ference samples should be secured. Studies of petroleum residues in 
sediments and marine organisms are important. Point source monitoring 
around production platforms or other installations may also bo 
applied. 

The oil and gas industry 

The oil and gas industry contribute to oil pollution by discharge of 
oil-based drilled cuttings, produced water, ballast water from storage 
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tanks, drainage as well as minor spills/leaks of oil during normal 
operation. Loss due to evaporation is assumed to be of importance but 
have not been well quantified. 

Drilled cuttings with remains of oil, primarily influence the sea 
bottom close to the platform due to its smothering effect. Tainting of 
fish has also been registered. Regulations on the discharge of oil 
containing cuttings is therefore advisable close to fishing ground. 

Both the composition and the application techniques for less toxic 
water-based drilling fluids, have been greatly improved during the 
last few years. Whenever possible such fluids should also be used for 
deep and deviation type of drilling. All drilling fluids should be se
lected for low toxicity, low accumulation potential as well as high 
biodegradability. 

Produced water contains oil. The content is normally measured as the 
fraction of finely dispersed oil in the water. More relevant moni
toring methods for the production water should be developed, and cost/ 
effici-̂ Tit water treatment methods to remove both dissolved and dis-
pesed oil, as well as other components, should be searched for. 

The loss of oil through evaporation as well as the emmision of burning 
products are less controlled sources for pollution. Loading procedures 
may be improved and in addition vapour recovery equipment may be 
installed. The burning process should be optimized and controlled. 

Transportation 

Host oil spills, both small and large ones, are statistically connec
ted to oil transportation by ships. Regulation of sailing routes for 
tankers and other vessels are therefore important both in order to 
avoid specially biological sensitive areas as well as for planning of 
the oil spill contingency. 

Special safety regulations are presently discussed for instance with 
IMO concerning the construction and the control of vessels. For tran-
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sportation in the Arctic the most advanced and solid constructions and 
materials should be selected for use. 

Dumping is prohibited by international regulations, and it is impor
tant to insure that these are respected, and to obtain mutual agree
ments on reporting and action when incidents are discovered. 

Major spills 

Blow-out accident may release thousands of tons of oil per day and 
last for months. They occur statistically very seldom, but the 
magnitude underline the necessity of an efficient oil spill contin
gency as well as sound safety and quality assurance procedures. Con
tingency plans should be coordinated and regularly evaluated through 
simulated and practical tests of performance. 

Arctic conditions demand alternative measures compared to those other
wise used for oil spill prevention and clean-up. New concepts or opti
mization of existing mechanical equipment is necessary. Chemical and 
thermal methods should be evaluated for efficiency and possible envir
onmental effects. 

Both due to regular discharges of oil contaminated drilled cuttings 
and the possibility of a blow-out or other spills, drilling operations 
in biological sensitive areas may be regulated to take place only 
during the less sensitive parts of the year. 
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1. THE ARCTIC ENVIRONMENT 

The Arctic area, in this context defined as the area north of the 
Arctic Circle, covers about 21 million km 2. The Arctic is in general 
an ocean surrounded by continents. The Arctic Ocean, which for the 
large part is covered by ice, is characterized by low temperatures and 
a large annual variation in the light conditions. The landmasses are 
characterized by little vegetation and large seasonal variations in 
temperature and light. Constant daylight in summer, constant darkness 
in winter, low temperature and comparatively little shelter demand a 
high degree of adaptation from the inhabiting plants and animals. 

1.1. The Arctic Marine Environment 

The Arctic marine area includes the following seas: the Arctic Ocean, 
the Chukchi Sea, the Beaufort Sea, Baffin Bay, the Greenland Sea, the 
northern part of the Norwegian Sea, the Barents Sea, the Kara Sea, the 
Laptev Sea and the East Siberian Sea. (Figure 1.1.) 

Together they cover about 13 million km 2, almost two-thirds of the 
Arctic area as a whole. The deepest part is the central basin sur
rounding the North Pole with depths between 3000 and 4500 m. This 
central basin is about 2500 km long and 1500 km wide and is divided 
into 4 basins by three submerged mountain ridges: the central 
Lomonosov ridge that runs between the Anjou islands and Northern 
Greenland, dividing the central basin into the Eurasian and the 
American basin, and two almost parallel, lower ridges flanking it. 

The surrounding continental shelf, covering approximately 36 % of the 
surface area but holding only 2 % of the total water mass (Rey, 1982), 
is of variable appearance: Off North America and Greenland the shelf 
is less than 200 km wide with a maximum depth of ^50 m, whereas it is 
up to 1000 km wide off Eurasia. Under the Chukchi, East Siberian. 
Laptev and Kara Sea the continental shelf forms a broad submarine 
plain at a depth of about 100 m, while under the Barents Sea it is 
200-350 m deep (Stonehouse, 1989). 



Figure 1.1. The Arctic area. 
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The Arctic Ocean waters are connected with the Pacific Ocean via the 
Bering Strait and with the North Atlantic via the Fram Strait, the 
small channels of the Canadian archipelago and on both sides of 
Greenland. An annual inflow of water of about 400 000 km3 from the 
Norwegian Sea and 32 000 km3 through the Bering Strait is balanced by 
ca. 430 000 km3 of water and 6000 km3 of ice flowing southward mainly 
along the eastern flank of Greenland but also through the Canadian 
channels {Coachman and Barnes, 1961). 

The water column is usually divided into three different layers. The 
upper 200 ra are defined as Arctic water with temperatures between -1.8 
and -1°C and salinities between 30~3^.5 o/oo. The fluctuation in sal
inity, especially in the upper 50 m, is due to the seasonal freezing 
and melting of the ice sheet and the fresh water inflow from the 
Arctic rivers (Aagaard, 1982). The amount of fresh water entering the 
Arctic seas from the rivers Ob, Yenisei, Lena, Kolyma and Mackenzie is 
90 000 m3/s {Rey, 1982). 

Driven by anticyclonic winds the surface current moves in a clockwise 
direction and leaves the Arctic Ocean through the sounds in the 
Canadian archipelago and the western part of the Fram Strait (the 
strait between Greenland and Svalbard) as the East Greenland current. 
The water entering from the Pacific through the Bering Strait mixes 
with Arctic water in the Canadian Basin. Figure 1.2. shows the main 
current system in the area and Figure 1.3- shows the temperature and 
salinity profiles in the Arctic Ocean. 

The main part of the water masses in the middle layer, between approx
imately 200 and 900 m, flows as a surface current from the North 
Atlantic through the Norwegian Sea and the Fram Strait between Green
land and Spitsbergen and into the Arctic Ocean as a sub-surface 
current (Figure 1.2.) (Aagaard,1982; Lewis, 1982; Dunbar, 1985). The 
water in this layer has temperatures between - 1 and +1°C and salin
ities between 33 - 35 0/00. The water in the Canadian basin is colder 
and less saline than that in the Eurasian basin. In the Polar basin 
the current continues in an anti-clockwise direction, leaving the 
Arctic Ocean through the Fram Strait as a part of the East Greenland 
Current (Aagaard, 1982). 



Figure 1.2. The main current system of the Arctic area {after 
Dunbar, 1955). 

Formation of the Arctic ocean bottom water takes place in the surface 
layer of the Norwegian Sea, where a mixture of water from the North 
Atlantic Current and the East Greenland Current cools during winter 
and sinks to the bottom of the Norwegian Sea. The temperature of this 
water is from -1.0 to -1.3°C and the salinity is 3^.9 o/oo (Fisken og 
Havet, 1978). Part of this cold bottom water flows northward through 
the Fram Strait and into the Arctic Ocean. Here the temperature of the 
bottom water lies between 0 and 1.0°C and the salinity is ^.95 o/oo 
(Aagaard, 1982; Lewis, 1982). The Eurasian basin has lower temper
atures than the Canadian basin. 
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Figure 1.3- Temperature and salinity profiles from the Arctic 
Ocean with the division into the three water layer 
{after Coachman and Aagaard, 197^). 

In the Barents Sea there is warm Atlantic water in the south and cold 
Arctic water in the north. Mixing takes place at the Polar Front which 
is formed by the meeting of these two water masses. Cooling of the 
surface layers during winter and production of brine during freezing 
of ice create vertical mixing throughout the water column, resulting 
in homogeneity. This process brings nutrients up to the surface where 
phytoplankton can utilize it in the springtime when light intensity 
increases. 
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Figure 1.4. Mean maximum and minimum sea ice extent in the Arctic 
(after Rey. 1982) 

The sea-ice covers at the annual maximum an area of approximately 10 
million km 2 (Rey, 1982). Figure 1.4. shows the mean maximum and 
minimum extent of the sea-ice in the Arctic. Most of the shelf area 
becomes ice-free every year. The perennial ice (ice that is more than 
one year old) grows to a thickness of approximately 3 ^ at which the 
thickness is stabilised (Lewis, 1982; Sugden, 1982). 
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Of the seas in this context only the south-western part of the Barents 
Sea and the eastern part of the Norwegian Sea are ice-free during 
winter. This is due to the warm Atlantic water and means that some 
effects of ice on biota described in the following chapter do not 
apply for these areas. There is e.g. only little ice-scouring on Nor
wegian coasts. Instead the intertidal and subtidal zone are well popu
lated. The ice being a very typical feature of the Arctic, the authors 
would have preferred the Arctic to be defined by the mean maximum ice 
cover. The ice-cover of the Arctic varies from about 7 million km 2 to 
14 million km 2 (Maykut, 1985). Thus, it would e.g. include the Hudson 
Bay and parts of the Sea of Okhotsk but exclude the ice-free parts of 
the Norwegian and Barents Sea. 

The ice in the Arctic moves in a clockwise direction due to the wind 
and surface water current. Outflow of ice mainly occurs through the 
Fram Strait and partly on the eastern side of Spitsbergen. 

l il i2 i_Arctic Marine_BiologY 

Polar seas are apparently more productive than polar lands and support 
an astonishingly high biomass. Pack ice and fast ice form a barrier 
isolating the sea surface from the atmosphere and reflecting solar 
radiation but they also form a very special, biologically important 
habitat. Due to ice-scouring the typical littoral zone is, if at all, 
only scarcely populated (Gulliksen, 1979)- A specialized community, 
the iceflora and -fauna, is found, building a very imported link in 
the typical food chain icealgae-icefauna-fish-birds/maramals. 

The biota of the Arctic is adapted to the environment. Knowledge of 
these adaptations and an understanding of the population and the 
community structures in the ecosystem are important in evaluating the 
effects of oil pollution. 
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1.1.2.1. Phytoplankton and Ice-algae 

Primary production is generally not as high as might be concluded from 
the large numbers of birds and mammals in the Arctic, but seasonal 
production of specific areas can be very high. It is mainly based on 
diatoms living in the ice and open water. The period of production 
lasts probably less than two months in the Arctic basin and up to four 
months in the surrounding area. Table 1.1. shows the estimated 
planktonic primary production {gCnr^yr'1) in different areas. About 
60-703» of the total annual phytoplankton production in Arctic waters 
not covered by ice takes place during the spring bloom (Rey et al., 
1987i Eilertsen and Tsasen, 1984). 

Table 1.1. Estimated primary production (gCm" 2yr _ 1) from 
different Arctic areas. 

Region Production Author 

Arctic Ocean O.6-5 Dunbar, 1985* 
Barents Sea 100-150** Falk-Petersen et al., 1990 
Beaufort Sea 9-18 Dunbar, 1985 
Canada: 
Off Cornwallis Island 15. 32 Dunbar, 1985 
Dumbell Bay (Ellesmere Is) 9-12 Dunbar, 1985 
Davis Strait 50 Dunbar, 1985 
Greenland: 
Godhaven, Disko 90 Anderson, 1977 
Northeast Chukchi Sea 18, 28 Dunbar, 1985 
Norway: 
Balsfjord 115 Eilertsen and Taasen, 1981! 
South Spitsbergen fjords 150 Eilertsen et al., 1989 

# Compiled From different authors. 
**Estimated for the area with Atlantic water. Other authors have 
different estimates; Rey et al. (1987) with 60, and Dunbar (1985) 
with 25 gCm" 2yr- 1. 

In 1984 Subba Rao and Piatt estimated the total annual primary pro
duction in the Arctic Ocean to be 210 million tC/yr {205 million tC 
due to Arctic waters and 6 million tC due to ice algal production), 
showing that their production has been severely underestimated before 
(compared to their own earlier estimate from 1975 these numbers are 16 
times as high). Nevertheless, production of small flagellates and ice-
algae is probably still underestimated in this calculation. (Subba Rao 
and Piatt, 1984) 
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The Barents Sea, with depths of between 200 and 300 m, is among the 
most productive areas in this connection. There are some uncertainties 
about the estimates made for these areas, which are discussed by 
Dunbar (1985). 

The haptophycean Phaeocystis and the diatoms Chaetoceros and 
Nitzschia are the most important species among the phytoplankton algae 
in the Barents Sea (Falk-Petersen et al., 1990). Among the ice algae 
the most important species are diatoms {e.g. Nitzschia and Navicula). 

Algae, especially algae at the underface of the sea-ice, may be 
adapted to the photosynthesis at quite low light intensities. Icealgae 
may bloom 1-2 months earlier than phytoplankton in the pelagial. The 
algae's adaptations to low light intensity are discussed by Hameedi, 
1973 (in Perkins, 1982) for diatoms and Eilertsen (in prep.} for 
Phaeocystis. Kelosira arctica has been recorded in multi-year ice in 
the Arctic Ocean. 

1.1.2.2. Benthic Algae 

Practically all Arctic shores are ice-bound from late autumn onward. 
The shores remain frozen until summer thaw and during summer the 
beaches and rocky shores are scoured by drift ice. In consequence very 
few plants and animals inhabit the intertidal or upper littoral zones. 
The sublittoral is similarly scoured by drifting ice, but mats of 
brown and red algae may flourish from about 5 ~ 10 m downward. These 
grow actively from spring onward despite the persistent sea ice above 
(Stonehouse, 1989). 

1.1.2.3- Invertebrate Zooplankton 

"The zooplankton, both herbivorous and carnivorous, forms the link 
between the primary producers (plants) and the vertebrate fauna 
(fishes, birds, mammals)." (Dunbar, 1985)• 

A short period of primary production means that the consumer 
populations had to evolve life strategies that enabled them to survive 
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long periods without adequate food supply. It is mainly breeding 

cycles and growth rates where adaptions to the seasonal availability 

of food are found. 

Copepods and euphausiids (krill) are usually the major consumers of 

phyto-plankton in the Arctic marine food webs (Falk-Petersen et al., 

1990). 

The shrimp Pandalus borealis, which is of great interest to man, lives 

periodically both in the pelagic and the benthic system. In the 

Barents Sea and Svalbard region 1*1 000 and 25 000 metric tons respect

ively of shrimps where fished in 1967 (Fisken og Havet, 1989). 

1.1.2.4. Ice Fauna 

The ice fauna plays an important role in the Arctic ocean food-web, 

being the link in energy transfer between primary producers and fish 

(especially the polar cod Boreogadus saida). sea birds and mammals. 

Consumers of the ice flora and members of the ice fauna are mainly 

amphipods (e.g. Onisimus glacialis, Apherusa glacialis. Gammarus 

wilkitzkii) and various types of copepods (Bradstreet and Cross. 

1982), but mysids.isopods, foraminifers, rotatorians, nematodes, poly-

chaetes, chaetognaths, pteropods and appendicularians also occur. Bio-

mass values of 0.1-10 mg/m2 are common, but values up to 20-U0g (wet 

weight)/m2 have also been found (Gulliksen and Lønne, 1989)- Composi

tion and abundance of ice-fauna are mainly dependent on ice age and 

structure. In general, old stable ice contains more animals than young 

ice and ice above shallow water contains more animals than ice above 

deep water. For further details see Gulliksen and Lønne (1989). 

1.1.2.5< Invertebrate Zoobenthos 

Organisms living in or at the bottom (benthos) are, for the most part, 

immobile or semi-mobile and therefore well suited as indicators for 

environmental stress. Polychaetes, molluscs and echinoderms are impor

tant animal groups at all depths of the Arctic seas. In addition come 

the foraminiferans, bryozoans, hydrozoans and poriferans, groups of 
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species of which we know too little about in the Arctic area. In the 

littoral zone especially polychaetes and molluscs play an important 

role as food for vertebrates, e.g. birds. This zone, however, does not 

hold much biota due to ice scouring during winter {Wells and Percy, 

1985). 

The scallop (Chiamys islandica) is a circumpolar filter feeder that 

prefers areas with strong currents. Since 1984 there is increasing 

interest in scallop fishing around Svalbard. The catchable stock has 

been estimated to 400 000 metric tons (Gulliksen, 1988). 

1.1.2.6. Fish 

Arctic charr, capelin and arctic cod are among the few pelagic, 

plancton feeding fish in the Arctic, the main predators in surface 

waters being sea birds, mysticete whales and pelagic seals. 

The arctic charr (Salvelinus alpinus) spawns in rivers and fattens in 

the sea. It grows slowly and is fertile at about 14 years. The capelin 

(Mallotus villosus) winters in deep water and rises to the surface to 

form huge schools in summer. 

The arctic cod {Boreogadus saida) is one of the most abundant fiŝ -Ld 

in Arctic waters. It is a circumpolar species found in waters with or 

without ice. A summary of several studies of the polar cod is given by 

Lønne and Gulliksen (1989)- Specimens of age groups I and II are part 

of the ice fauna, feeding mainly on amphipods and copepods. Typical 

habitats are between sandwiched ice-flows or in melting holes and 

crevices of the ice (Lønne and Gulliksen, 1989; Bradstreet and Cross, 

1982). The polar cod plays an important role as food for marine birds, 

mammals and fishes, thereby transferring energy from lower to higher 

trophic levels in the Arctic ecosystem. 

Other important fishes in the Arctic are herring (Clupea harengus). 

Greenland halibut (Relnharditus hippoglossoides) and members of the 

coregonid group (C. autumnalis. C. sardinalla, C. nasus). 
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1.1.2.7. Birds 

(Information in this chapter is taken from Hansson et al. (1990) and 
Leighton et al. (1986).) 

Seabirds play an important role in nutrient cycling in the marine 
ecosystem. In addition, inland colonies of seabirds are an excellent 
source of food for the tundra, not only on account of droppings but 
also due to the faeces from the birds. Studies of some bird rocks on 
Spitsbergen revealed a very high degree of eutrophication of the 
tundra in their vicinity {Klekowski and Opalinski, 1986). 

The larger numbers of birds in the Arctic are found in the North 
Atlantic. Therefore only populations in this area will be considered 
in this chapter. 

The seabirds, i.e. birds that depend on the sea for food, in the 
Arctic can be devided into two groups: birds that maintain a marine 
orientation for most of the year and birds that occur here only during 
wintering and/or migrating. Members of the first group are far more 
endangered by spilled oil. Fulmar, Arctic tern, Kittiwake, Kumlien's 
gull, Glaucous gull. Black guillemot, Atlantic puffin and Little auk 
belong here, whereas e.g. many ducks, phalaropes and some jaegers 
belong to the second group. 

The little auk (Alle alle) is the most numerous bird in the North 
Atlantic Arctic area, the total population being estimated to 
10 000 000 pairs. It feeds on pelagic crustaceans and fish larvae 
which are caught by diving. 

Brllnnich's guillemot (Uria lomvia), with about 1 700 000 pairs in this 
area, feeds, on capelin, squids, crustaceans etc. which are also caught 
diving. 

The fulmar (Fulmarus glacialis), represented with about 500 000 pairs, 
feeds on squids, polychaetes, small fishes, crustaceans etc. which it 
takes from the water surface. 
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About l80 000 kittiwakes (Rissa tridactyla). feed on polar cod, 

capelin and crustaceans which they take from the water surface. 

The common eider Somateria mollisima is closely associated with the 

littoral zone where it feeds on benthic organisms, mainly molluscs. 

There are approximately 500 000 pairs in the Northwestern Atlantic. 

1.1.2.8. Mammals 

1.1.2.8,1. Seals 

The Ringed Seal (Phoca hispida) 

The circumpolar Ringed seal is the most abundant Arctic phocid. It 

feeds mainly on polar cod, decapods and big amphipods {Gjertz and 

Lydersen, I986J. From late summer to early spring it is found in paci: 

ice, during breeding in fast ice. Ringed seals are an extremely im

portant source of food and money for aboriginal people throughout the 

Arctic. (Griffiths, Øritsland and Øritsland, 1987). 

The Harp Seal (Phoca groenlandica) 

The harp seal in the North Atlantic is apparently divided into three 

different stocks moulting and breeding on the pack ice at New

foundland, in the Greenland Sea near Jan Mayen and in the White Sea 

from early February to late May. Due to reduced exploitation follow

ing the breakdown of the market for seal skins all stocks show in

creasing trends, the overall number is estimated to be at least 1.5 

millions. Young harp seals feed in surface waters on pelagic crus

taceans and fish, while older seals feed at greater depth on capelin, 

herring, polar cod, cod, crustaceans and squid (Griffiths, Øritsland 

and Øritsland, 1987). 

The Hooded Seal (Cystophora cristata) 

There are probably 500 000 - 1 000 000 Hooded seals living between 

Newfoundland and the Bering Strait in the west and Jan Mayen and 

Svalbard in the east. It is a migratory species feeding on a variety 
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of benthic and pelagic fish, crustaceans and squid. The pups gain 

weight extremely rapidly - 6-7 kg per day. (Griffiths, Øritsland and 

Øritsland, 1987)-

The Bearded Seal (Erignathus barbatus barbatus) 

The Bearded seal shows a circumpolar distribution and usually occurs 

in ice-covered areas of moderate depths, due to the fact that it feeds 

almost exclusively on bottom-living invertebrates, mainly crustaceans 

and molluscs. Bearded seals prefer areas where the ice is in constant 

movement, creating leads and polyneas. In winter they make and main

tain breathing holes in areas of thinner ice and are also found in 

drifting pack ice. The pups can swim at birth and begin to catch prey 

themselves before weaning. (Griffiths, Øritsland and Øritsland, I987). 

The Walrus (Odobenus rosmarus rosmarus) 

Due to earlier intensive hunting, the walrus occurs only in relative 

small numbers (in the orders of 100-1000 individuals) in the Svalbard 

area {Lønø, 1972; Born, 1984). It feeds mainly on benthic organisms, 

but not, as is often believed, on the scallop Chlaroys islandica. 

1.1.2.8.2. Whales 

Three whale species can be regarded as Arctic, occurring only in polar 

or subpolar regions: the Bowhead whale, the White Whale and the 

Narwhal. In addition, the Grey Whale and several species of rorquals, 

that show strong seasonal migration patterns, use polar regions as 

summer feeding areas. 

The Bowhead Whale (Baleana mysticetus) shows a circumpolar distri

bution confined to the Arctic. It is often found associated with ice 

and undertakes only short distance seasonal migrations south to winter 

along the ice edge. Five separate populations are suggested with the 

bulk of the total population concentrated in the Bering, Chukchi and 

Beaufort Sea. The Bowhead Whale is one of the most seriously 

endangered whale species, its population having been depleted by 

hunting. It's present population size is uncertain but possibly 3 000 

- 5 000 individuals. The species feeds mainly on copepods. 
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The White Whale (Delphinapterus leucas) is also distributed circum-
polarly but extends to the subarctic, occupying mainly coastal and 
estuarine areas among pack ice. Population size is estimated between 
40 000 and 55 000, mainly in Baffin Bay, Davis Strait, Barents, Kara 
and Laptev Sea. White Whales feed on squid, fish, crustaceans and 
annelids. 

The Narwhal (Monodon monoceros) occurs mainly in the high Arctic, 
often amongst pack ice and generally more off shore than the White 
Whale. Total population size is unknown but probably between 25 000 
and 50 000 individuals, mainly in Baffin Bay, Davis Strait and Green
land Sea. Narwhales feed on fish, squid and crustaceans. 

The Grey Whale (Eschrichtius robustus) exhibits strong seasonal 
migrations fron polar and subpolar feeding grounds to breeding grounds 
in the south. Two distinct populations are known (a third, Nortii 
Atlantic population was hunted to extinction around 1700): a Korean 
population migrating from feeding grounds in the Okhotsk Sea to 
breeding grounds off the South Korean Coast, and a Californian 
Population migrating from feeding grounds in the northern Bering and 
Chukchi Sea to breeding grounds in Baja California. The Californian 
population includes 17 - 18 000 individuals, the Korean only about 
200-300. Grey Whales are bottom feeders that plough the sea bottom 
mainly for amphipods and to a lesser degree isopods and mysids. 

In addition four species of rorquals, the blue whale (Balaenoptera 
musculus). the Fin Whale (B. physalus), the Sei Whale {B. borealis) 
and the Minke Whale {B. acutorostrata) enter the Baffin Bay on their 
summer feeding (crip). They feed on euphausiids, copepods and, except 
for the blue whale, on fish. 

The worldwide distributed Xiller Whale {Orcinus orca) is the main pre
dator of most seal species in Arctic waters. 

For more detailed information and onleading literature on whales, see 
Evans (1987). 
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1.1.2.8.3. The Polar Bear (Ursus maritimus) 

The polar bear is a top predator in the Arctic. It feeds mainly on 

ringed seals and partly on bearded seals {Lønø, 1970), but can also 

take whatever it finds, e.g wastes. The total population in 198O-1983 

was estimated to 3 -5 000 animals (Larsen, 1986). 

1.2. The Terrestrial Arctic Environment 

The terrestrial Arctic environment covers about 8 million km 2. Botan

ists mainly use the treeline, the 0°C annual isotherm or the 10°C iso

therm for July to define the Arctic area, but compared to the defini

tion used in this project this is mainly enlargening the Arctic to the 

south, and according to almost all definitions used, the terrestrial 

area north of the Arctic Circle is considered to be arctic with the 

exception of the coastal part of northern Norway. Apart from the 

coastal areas in northern Scandinavia the whole Arctic area has perma

frost. 

The Arctic climate and its features important for terrestrial plants 

and animals are too various to be described properly here. Generally, 

a distinction between dry (continental) and wet (oceanic) Arctic 

climate can be made, with all stages in between occuring. At very high 

levels of precipitation the snow falling during the long winter cannot 

melt in the short summer, and the area is constantly covered with ice. 

Where there is less precipitation, there is first wet, then dry tundra 

and finally arctic desert. Where the latter receives allochthonous 

water during the summer, it is replaced by a rich vegetation and 

fauna. The highest primary production is found in oceanic tundra, 

where water is not a minimum factor (Remmert, 1980). 

Maximum temperatures on the other hand are not as important for plants 

as for animals. Por animals and bacteria maximum temperature is highly 

important because surviving may be possible if temperature at least 

once a day gets over a certain minimum. Therefore the often given mean 

temperatures are not of great value to the biologist. In general, 

homoiotherms have clear advantages, and it is only homoiotherm animals 

that hibernate in the Arctic. 
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Considering the invertebrates, the short growth season clearly favours 
reselection and parthenogenesis. As it is very cold at the same time, 
growth is generally very slow and e.g. large insects require many 
years to complete their development, so that small insects obviously 
have a selective advantage. 

Due to physiological reasons polikilothermic herbivores do not play an 
important role in the energy cycle of cold regions, whereas warm
blooded herbivores like reindeer, goose, muskoxen, lemming and arctic 
hare seem to make a rather large contribution. Eaten plants are broken 
down more rapidly and their mineral components are returned to the 
system much faster than through decomposition. Herbivorous birds and 
mammals are therefore essential for maintaining the productivity of 
the tundra. 

1.3» The Arctic Freshwater Environment 

Due to the perpetually low temperatures and the resulting permafrost 
in the Arctic springs cannot rise and streams are unable to form. So 
continously flowing water with its source in the permafrost region is 
only found under very special conditions, above all as a river drain
ing a larger lake. But most lakes receive an inflow only for a small 
part of the year and are not able to sustain their outflow through the 
whole winter. Therefore most of the running water in the Arctic is 
coming from further south. In fact all big Arctic streams originate 
further south. 

When ice and snow on the permafrost melt, they create innumerable 
small pools providing ideal conditions for insects with water-living 
larvae, such as mosquitos. Larger lakes in northern Finnoscandinavia 
are mainly situated immediately south of the Arctic Circle and outside 
the permafrost region, whereas those in the Canadian Arctic are within 
the permafrost region. That these lakes can exist and are not simply 
solid blocks of ice is amazing. But they do exist and harbour at least 
green and blue algae and rotifers, even if their ice cover never melts 
{Remmert, 1980). In general, Arctic lakes are covered with ice for at 
least 8-10 months. Many of them are quite shallow. 



18 

Arctic rivers that do not exist year-round bear only very little ani
mals compared to temperate mountain rivers. They harbour mainly Chiro-
nomids of various genera, whereas Plecoptera, Ephemeroptera, Amphopods 
and snails are usually as rare as fish like Salmo, Lotas and Cottus. 
They all seem to require continually flowing water and are therefore 
only found north of the Arctic Circle in Fennoscandinavia, where 
practically all waters flow throughout the year. The only fish that 
seems to be important in the Canadian Arctic is Salvelinus, which in 
fact is mainly a species of large lakes {Remmert, 1980). 

Arctic lakes are mostly oligotroph and their production and total 
biomass are considerably lower than that of temperate lakes. Their 
ecosystem is built up by fewer species and is therefore more vulner
able. The most important fish in Arctic lakes is the arctic char 
(Salvelinus alpinus). It is an opportunistic circumpolar species, 
young animals feeding on zooplankton and adults feeding on zoobenthos. 
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2. OIL INPUTS TO THE ARCTIC REGION 

The information on inputs of oil, oil compounds and oil incineration 
products has been collected from the eight states bordering the Arctic 
region. Due to variations in the national levels of oil related 
activities and the different natural environmental conditons, the 
concern with and emphasis on the supply of oil pollution to the Arctic 
region vary between the individual states. This is of course reflected 
in the collected data sets. The amount of information, and probably 
also the accuracy of the estimated values varies considerably. Infer-
ments from the presented data and comparisons between sources and 
countries should bear this uncertainty in mind. 

2.1. Transport of Oil to the Arctic Region 

Many of the oil pollutants in the Arctic may have their origin far 
south of the Arctic region. They are transported through the atmos
phere, by ocean currents and rivers into the area. The information on 
these indirect sources is very scarce and most estimates must be based 
on numerical models, theoretical approaches or extrapolations from 
other measurable quantities. Estimates of indirect oil transport to 
the Arctic from any of the eight participating countries have not been 
available. 

2 ^ 1 ^ Marine_Transport 

A study of the large-scale upper ocean current system at the border of 
the Arctic region {i.e. the Arctic Circle) identifies the areas from 
which the marine transport of oil pollutants will originate. Direct 
inputs to these areas, together with information on current direction 
and speed, degrading rates and distance to border could be used to 
provide magnitude calculations of the marine transport of oil into the 
Arctic region. 

Such calculations should also consider subsurface currents since 
several oil spill accidents have shown that oil has been carried far 
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away in intermediate layers of the ocean. Internal waves may also be 
an important factor in the transport of oil spills (Shanks, 1987). 

Several numerical models to forecast the behaviour of an oil spill 
have been developed over the last decades. The main purpose of these 
models has been to predict the trajectories of the oil slicks, 
emphasizing the physical processes (winds, waves, currents, tides). 
For long distance transports the weathering processes that alter the 
physical and chemical nature of the oil play an important role. Such 
transport models should include evaporation, emulsification, dis
solution, absorption, microbial and photochemical modifications etc. 
(See e.g. Clark and Mac Leod, 1977). 

These considerations lead to the concept of half-life. Slicks may last 
only a few weeks, tar balls may last for a year or more {Butler, 
1975)- McAuliffe (1976) suggested a half-life of oceanic tar of 1 - 4 
months. 

Due to the complexi ty of the degrading rates and the lack 0 f 
information on oil input in the ambient area and the lack of veri
fication material, no agreed estimate on marine transport of oil to 
the Arctic environment has been established. (See also Table 2.2 with 
commen ts, page 26.} 

iili^i 6t52sEbSEic_T^95sE2E£ 
Arctic measurements of light hydrocarbons (C1 - C 7) have been 
analysed, applying a global, atmospheric model, (Norw. Inst, for Air 
Res. (NILU), 1986) but no estimates of the atmospheric transport of 
petroleum hydrocarbons {Cl0 - C-ĵ ) to the Arctic region are known. 
Such estimates have to be based on many simplifying assumptions. From 
studies of oil transport in other areas the atmospheric input or 
petroleum hydrocarbons (PHC) is known to be the most difficult 
parameter to quantify. 

In a study of the Baltic Sea, Thorell et al. (1979) assume a constant 
ratio between. the content of sulphur and PHC in precipitation. 
Assuming the PHC fallout to be 10 - 20 % of the sulphur fallout, thoy 
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estimated the atmospheric PHC input into the Baltic Sea to be 8 000 -
16 000 metric tons per annum. 

Based on measurements of bottom sediments in the Baltic Sea, this 
estimate is lowered to 1 000 - 10 000 metric tons per annum (Swedish 
Environmental Protection Agency (SNV), 1990). This estimate indicates 
a ratio between PHC and sulphur fallout in the range 1:8 - 1:80. 

The sulphur fallout over the North Sea has been estimated to 695 000 
metric tons in 1988 and 667 000 metric tons in 1989 {Iversen et al., 
1990). The estimated atmospheric input of PHC to the North Sea is 
7 000 - 15 000 metric tons per year. (Quality Status of the North Sea, 
1987)- This yields a ratio between PHC and sulphur fallout for the 
North Sea in the range 1:45 - 1:100. 

Based on these estimates for the North Sea and the Baltic Sea we may 
take as a first order approximation the ratio between atmospheric PHC 
and sulphur input to be on the order of 1:10 - 1:100. 

Some measurements of sulphur pollutants in the Arctic are available. 
At Bear Island the averaged monthly mean value of sulphur (From sul
phate rcsasurements) during 1978 - 1984 was O.76 g/m3 (NILU, 1986). 
Applying the results of NILU's global atmospheric model, the averaged 
monthly mean value for the whole Arctic should be about 0.45 g/m3 - The 
Arctic area (north of the Arctic Circle) consists of approximately 13 
million km 2 ocean and 8 million km 2 land. The terrestrial precipita
tion is estimated to 270 mm/year (Ivanov, 1990), while the precipita
tion over sea is estimated to 160 mm/year (Vowinckel and Orvig, 1970). 

The total annual atmospheric sulphur input to the Arctic is then 
970 000 metric tons over land and 9^0 000 metric tons over sea (i.e. 
an approximate 50/50 distribution between land and sea). Adapting the 
idea of a quasi-constant ratio between PHC and sulphate fallout on 
the order of 1:10 - 1:100, the annual input of atmospheric petroleum 
hydrocarbons should be 10 000 - 100 000 metric tons for both the 
marine and the terrestrial environment of the Arctic. 

Although information on atmospheric input of PHC to the Arctic is 
lacking, some Soviet measurements of oil content in snow are available 
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(Melnikov et al., 1990). The mean PHC content in the snow cover of the 
Siberian seas in summer and fall {1986 - 1989) varies from 30 ug per 
litre melted snow (lower sensitivity level) in the Kara Sea to 46 ug/1 
in the East Siberian Sea. In winter and spring of 1989 the range was 
34 ug/1 (Laptev Sea) and 46 ug/1 (East Siberian Sea). 

Taking 40 ug/1 as an aereal and annual mean of the atmospheric PHC 
fallout over the Siberian region, and assuming the ratio between the 
Arctic mean and the mean of the Siberian seas to be 1:2 (from NILU's 
global atmospheric model), we obtain an estimate of the atmospheric 
PHC-input of 40 000 metric tons per year to the Arctic marine environ
ment and 40 000 metric tons per year to the Arctic terrestrial envi
ronment. (Table 2.3, page 28.) We take this figure to be the best 
available estimate for the atmospheric input of petroleum hydrocarbons 
to the Arctic. 

2.2. Direct Oil Inputs to the Arctic Terrestrial Environment 

In addition to the atmospheric input of about 40 000 metric tons per 
year to the Arctic terrestrial environment, petroleum hydrocarbons are 
deposited in urban areas due to several sources (leakages of oil 
products, waste oils (spent lubricating oil, oil heating systems), 
operation of motor vehicles etc.). 

Some of this oil is drained into lakes and rivers and eventually ends 
up in the sea. Some of the oil is flushed directly into the sea 
through urban storm drainage, while some seeps through the ground and 
may later reach the ocean. 

No direct estimate of total Arctic terrestrial oil pollution is 
available. As argued above, it is likely that major parts of the 
terrestrial oil pollution eventually drains into rivers. 
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2.3» River Transport 

The major Arctic rivers - the Siberian rivers and the rivers entering 
the Arctic Canadian Archipelago - have major parts (60 - 70 %) of 
their catchment areas to the south of the Arctic Circle. The river Ob 
and its tributaries originate at n?° N. 

For this reason, river transport is probably one of the main input 
sources of petroleum hydrocarbons to the Arctic as well as to other 
oceans. The mean value of the contribution from rivers to the total 
input of PHC to the Baltic Sea was estimated to 45 % (Baltic Marine 
Environmental Protection Commission, 1987). The figure for the North 
Sea is about 30 % (Quality Status of the North Sea, 1987). 

There is a lack of data on PHC-concentration in Arctic rivers. Soviet 
measurements from the Siberian river estuaries are, however, available 
{Melnikov, et al., 1990). In the Kara Sea Basin the measured PHC-con
centration was up to 90 Mg/1 in the Yenisey Bay and 100 pg/1 in the 0b 
Gulf. Melnikov et al. state that the Kara Sea rivers are "polluted 
with almost equal contribution of moving and coastal sources", i.e. 
ship traffic and local industrial activity. 

Measurements in polluted estuaries outside the Arctic region show PHC-
concentrations much lower than the values reported by Melnikov et al. 
for the Siberian river outlets. For instance, in the inner German 
Bight at the mouth of the Elbe and the Rhine, the measured oil 
concentrations are 5 ~ 25 pg/1. (Quality Status of the North Sea, 
1987.} These values are confirmed by later measurements (Norbert, 
1987. 1988). If the measurements reported by Melnikov et al. (1990) 
are comparable to these values, the oil pollution in the Siberian 
river outlets are four times greater than some of the most polluted 
rivers entering the North Sea. 

The difference in measured oil pollution in the Siberian and the Ger
man estuaries may be due to different methods of analysis. Melnikov et 
al. used IR-spectrophotometry. The lower detection level of this 
method is 30 pg/1. The German values were found by UV-fluorescens 
spechtroscopy which has a lower detection level of about 50 ng/1 
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{Erhardt et al., 1991). In addition IR-spectrophotometry does not 
separate between petrogenic and biogenic hydrocarbons and lipid 
materials. This may explain the high values of oil concentration 
reported from the Siberian estuaries. 

An estimated range of the riverine input of petroleum hydrocarbons to 
the Arctic must be founded on existing data, i.e. the Siberian data of 
Melnikov et al. (1990). 

But even though the Siberian rivers contribute about 60 % of the total 
fresh water discharge into the Arctic, the concentrations reported 
from the Siberian estuaries are probably not representative as the 
mean Arctic river concentration. On the other hand, the measurements 
are taken outside the river outlets, where a considerable, but unknown 
amount of mixing and dilution takes place. This indicates a larger 
concentration in the rivers themselves than the measured values out
side the outlet. 

In the absence of complementary data and an agreed state of the 
pollution level in Arctic rivers and estuaries, we have chosen 50 ug/1 
as an order of magnitude of the overall Arctic riverine concentration 
of petroleum hydrocarbons. 

The volume transport of the Arctic rivers is about 1.3'10^ raVs 
{Antanov, 1958; Ivanov, 1990). This yields an order of magnitude of 
the annual river transport of petroleum hydrocarbons to the Arctic 
marine environment of about 200 000 metric tons (Table 2.3. page 28). 

An estimate of the riverine input of PHC to the Arctic based on data 
from the North Sea Estuaries would be 2 - 5 times smaller. 

The uncertainty of these estimates strongly underlines the necessity 
of collecting new data on the PHC concentration in rivers and 
estuaries. One of the objects of the proposed monitoring and assess
ment programme of the Arctic should be to establish an agreed state of* 
the PHC pollution in the Arctic. 
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2.fr. Direct Discharges of Oil into the Arctic Marine Environment 

In addition to the riverine input of PHC, the Arctic marine environ
ment also receives direct inputs of oil from other sources. The in
formation on these inputs is provided by the countries bordering the 
Arctic marine environment, i.e. Canada, Denmark (Greenland), Norway, 
USA and USSR. The other participating countries {Sweden, Finland and 
Iceland) have no coastline to the North of the Arctic Circle, and the 
coast of Sweden and Finland is entirely within the Baltic area. In the 
sense of this project's definition of the Arctic region, with the 
Arctic Circle as the outer border, these countries contribute only in
directly to the oil pollution in this region. 

This definition follows the earlier understanding of the Arctic area. 
However, Arctic climate, flora and fauna have another and wider dis
tribution, including for instance all islands north of the American 
mainland. Databanks on contaminants in Arctic Water are mostly estab
lished on this climatological definition. This fact is reflected in 

the Canadian data which represent all the marine areas to the north of 
the Canadian mainland. Some of these regions - the Hudson Bay and 
Strait and part of the Davis Strait and the Foxe Basin - are truly 
south of the Arctic Circle. This aereal extension for the Canadian 
data should be kept in mind. 

2 ;fr ;l ; Regorted_Marine_Arctic_Oil_Spills 

Reported oil spills into the Arctic marine environment are presented 
in Table 2.1. All figures in the table are subject to uncertainty, the 
extent of which is variable and difficult to quantify. These data are, 
however, more reliable than those for indirect sources. 

No specified Soviet data on oil spills into the Arctic are available. 
The total USSR input value of 200 metric tons per year is based -jn 
Melnikov et al. (1990), who state that this is the annual amount "of 
PHC entering the Arctic Ocean waters in summer months due to man-made 
activities". 
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Table 2.1. Reported oil spills into the Arctic marine environment. 
Estimated values (metric tons per annum). 

Sources 
Country 

Canada Greenland Norway USA USSR 

Vessel oil spills 

Oil terminals 

Offshore production 

Other accidental or 
illegal discharges 

83 - 40 t3 

-i 0 0 - -

f 11 0 0 - 0 -

30 - 0 

Total 94 0 70 M 200 

Note: Where no values have been supplied, this is indicated by a 
dash {-) The Canadian data are annual means for the 5 years 
period 1984-1988; Norway: 4 years, 1986-1989; USA: 5 years, 
1985-1989* The Soviet data represent both continuous dis
charges and spills. 

It should be mentioned that the USA mean annual value of 44 metric 
tons is almost completely due to one single spill of 217 metric tons 
of fuel oil. (Hull rupture in a tank barge in the Beaufort Sea in 
1988.) Mean values may thus be misleading, smoothing out rather large 
year-to-year variabilities. 

As previously mentioned, the Canadian data are for all the marine 
areas to the north of the Canadian mainland. The data therefore in
clude a potential contribution to the (unknown) marine transport of 
oil pollutants to the region north of the Arctic Circle. In this con
nection oil spills into other adjacent ocean areas are of interest. 
These data are given in Table 2.2. 

Table 2.2. Reported oil spills into marine areas 
adjacent to the Arctic 

Bering Sea 767 metric tons per annum 
Bering Strait - 0 metric tons per annum 
Icelandic Water 129 metric tons per annum 
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The main contributor to the value for the Bering Sea is one unintended 
discharge of 3 660 metric tons of diesel oil in 1989. (The Exxon 
Valdez accident is not included since it occurred in Prince William 
Sound, Gulf of Alaska). Regarding a possible marine oil transport into 
the Arctic, the mean inflow through the Bering Strait is estimated to 
1 sv (=• 1 million m3/s) (Coachman and Barnes, 196I; Pickard, 1975). 

The largest reported Icelandic oil spill occurred in 1985 when an 
avalanche hit an oil storage tank, and about 3^0 metric tons of heavy 
fuel oil were lost. 

2.4.2^ Other Sources_of direct_Marine_Oil_Ingut_to-the_Arctic 

Oil and gas industry 
No data on continuous discharges from petroleum exploration and pro
duction, oil terminals and refineries are available, 

Natural seeps 
Iceland reports that "no seepage is known or expected, a natural seep 
can be neglected". For the other Arctic countries data are not avail
able. 

Sewage 
No data are available from the countries discharging sewage effluents 
into the Arctic marine environment. 

Dumped Waste 
No data available. 

Other sources of direct input where data are insufficient or unavail
able - but involving small or neglectable amounts - are dredged 
spoils, land based discharges and leakage from storage tanks, and 
reception facilities. 
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2.5. Total Oil Input to the Arctic Region 

In Table 2.3 the estimated inputs are listed. The stated values 
represent the best available estimates, but some are highly pre
sumptive. However, the relative proportions are probably representa
tive, showing the order of magnitude of each source. 

Table 2.3. Estimated total Arctic oil input (metric tons 
per annum). 

Marine transport No agreed estimate 
Atmospheric transport 40 000 (+ 40 000 terrestric) 
River transport 200 000 
Reported spills (Table 2.2) 400 
Oil and gas industry, 
seepage, sewage, dumped waste Not available 



29 

3. THE HYDROCARBON CONTENTS IN THE WATER COLUMN, THE SEDIMENTS 
AND THE BIOTA 

Based on available information it is difficult to assess the quality 
and regional variations of the Arctic environment. Generally, the 
environmental data that have been released cover scattered spots and 
regions and the data have been collected over a rather limited period 
of time. Finally, strong regional variations may be observed in the 
background hydrocarbon levels. As a consequence it is rather difficult 
to sort out regional trends and draw definite conclusions with respect 
to contaminant levels. 

Although the pollution level of the Arctic region is low compared to 
other areas, petrogenic and biogenic hydrocarbons are continuously 
introduced into the marine environment through biosynthesis, geo-
chemical processes, and human activities {see Chapter 2). The petro
leum ^ subsequently distributed between the water column, the sea-
bottom sediment, and the biota, the result of which is a low, but 
significant hydrocarbon level in all the three phases involved. These 
levels, which have only been determined accurately for scattered 
samples collected various places in the Arctic region, are discussed 
and summarized separately below for each of the phases. All the data 
are standardized as much as possible and practical with respect to the 
units and the methods of calculations. 

In the present report unsubstituted polycyclic aromatic hydrocarbons 
(PAHs) are regarded as non-representative for oil contamination. The 
ratios of alkyl homologs to their parent PAHs are commonly used as an 
indication of whether PAHs found in a real sample originate from a 
petrogenic, or anthropogenic/combustion source (SporstoL ot al., 
1983)• Thorough PAH analysis data are very rarely found in thu 
literature dealing with Arctic hydrocarbon contamination and tht? fow 
results available clearly indicate that most of PAHs in the Arctic 
environment originate from other than petrogenic sources. 

The results are presented in tables giving detailed information about 
the sampling location, the analytical method employed, and the types 
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and the concentrations of the hydrocarbons detected with proper re
ference to the information sources. The results are discussed in more 
detail in Chapter 6.1. 

Measurements of the hydrocarbon contents in the Arctic water column 
are presented in Table 3.1. 

Table 3-2 presents data on the hydrocarbon contents in Arctic marine 
organisms. This table is similar to Table 3-1J however, thr water 
depth has been replaced by a description of the "Marine organism" and 
the item "Number of samples" has been deleted. 

Data on the hydrocarbon contents in Arctic marine sediments are listed 
in Table 3-3. This table is similar to Table 3.1, but in addition to 
the water depth, Table 3-3 also includes a description of the sample 
depth below the sediment surface if available. 

Table 3-^ presents the year to year variability of total petroleum 
hydrocarbons in Siberian seas' surface waters and snow. 

Terrestrial data on hydrocarbon contents are not available. 



31 

Table 3.1 The hydrocarbon contents in the water column in Ihe Arctic. 

Location Depth 
(m) 

Number of Method of Type of Hydrocarbon 
samples analysis hydro- content 

carbons 

Sovjei (winter-spring 1989) 
Kara Sea Surface 

Laptev 

East-Si berien 

Chuckchi 

Central Arctic -
Basin 

Kara Sea Sea ice 

Laptev 

East-Sibirien 

Chuckchi 

Kara Sea snow 

Laptev 

East-Siberien 

Chuckchi 

Central Arctic 

Basin 

IR-spectrophota . Tot. petroleum 

High boiling 

Tol. petroleum 

High boiling 

Tot. petroleum 

High boiling 

Tot. petroleum 

High boiling 

Tot. petroleum 

High boiling 

Tot. petroleum 

High boiling 

Tot. petroleum 

High boiling 

Tot. petroleum 

High boiling 

Tot.pelroleum 

High boiling 

Tot. petroleum 

High boiling 

Tot.petroleum 

High boiling 

Tot. petroleum 

High boiling 

Tot.pelroleum 

High boiling 

Tot. petroleum 

High boiling 

30.9 pg/l 
10.0 " 
33.7 " 
16.0 " 

<30.0 " 
15.0 " 

<30.0 " 

14.0 " 

£30.0 " 

10.0 " 

31.8 " 

11.0 " 

<30.0 " 

10.0 " 

<30.0 " 

27.5 " 
45.0 " 
12.6 " 

37.9 " 
10.5 " 
33.7 -
21.5 " 
45.8 " 
32.4 " 
40.0 " 
33.3 " 
35.5 " 
15.6 " 

Melnikov et al. 1990 

Melnikov et al. 1990 

Melnikov et al. 1990 

Melnikov el al. 1990 

Melnikov el al. 1990 

Melnikov el al. 1990 

Melnikov el al. 1990 

Melnikov el al. 1990 

Melnikov et al. 1990 

Melnikov el al. 1990 

Melnikov el al. 1990 

Melnikov et al. 1990 

Melnikov cl ai. 1990 

Melnikov ct al. 1990 
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Table 3.1 continued The hydrocarbon contents in the water column in the Arctic. 

Location Depth 
(m) 

Number of 
samples 

Method of 
analysis* 

Type of 
hydro

carbons 

Hydrocarbon 
content** 

Reference 

Greenland 
Fsringehavn 1 18 OC-MS N P D * * * 5-220 ng/l Ahnoffet al. (1983) 

Færingehavn 10 2 CSC n - C ] 3 - C 1 9 53-74 ng/l Ahnoffel al. (I98.1) 

Færingehavn 1 1 " " 52 ng/l Ahnoffet al. (198.1) 

Open sea 1 3 GC-MS NPD 5 ng/l Ahnoffet al. (I98.1) 

USA-Soviet 

Bering Sea 4 45 GC Methane 70-200 nl/l Shaw (1977) 

USA-Canada 

Beaufort Sea PAH 13-45 ng/l Wong etal. (1976) 

Southern 

Beaufort Sea 0-5 55 GC c,-c4 43-563 nl/l Wong ct al. (1976) 

" 10-35 20 GC C,-C 4 
69-1.155 nl/l Wong etal. (1976) 

48-70 9 GC c,-c. 78-412 nl/l Wong el al. (1976) 

" >100 2 GC c,-c4 16-243 nl/l Wongetal. (1976) 

Arctic Ocean, 

Atlantic Surface 32 GC c,-c4 79-112 nl/l Swinnerlon et at. 

(1974) 

Norway 

Norwegian Sea Surface 56 GC c,-c 65-75 nl/l Swinnerlon et al. 

(1974) 

GC •" Gas chromatography 

GC/MS — Gas chromatography/mass spectrometry 

nl/l • 10"9 litre gas per litre scawater. 

Naphthalenes, phenanthrenes, dibcnzothiophenes. 
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Table 3.2 The hydrocarbon contents in Arctic marine organisms. 

Organism Method of 
analysis* 

Type of 
hydro

carbons 

Hydrocarbon 
content 

(mg/kg wet weight) 

Arctic Ocean Cod GC n-paraffins 1.26 Clark (1976) 

Iceland Cod GR Saturates 116.6 Farrington (1972) 

Beaufort Sea Shrimp GC n-paraffins 0.37-21.6 Clark (1976) 

Southern 
Beaufort Sea Plankton 

(mixed tows) 
GC 
GC 

non-polar HC 
paraffins 

1.5-203 
0.1-198 

Wongetal. (1976) 

Southern 
Beaufort Sea Arctic Cisco GC 

GC 
GC/MS 

paraffins 
non-polar HC 

PAH 

1.3-2.6 
2.0-4.0 

0.014-0.031 

Wong et al. (197ft) 

Southern 
Beaufort Sea 

Least Cisco GC 
GC 

GC/MS 

paraffins 
non-polar HC 

PAH 

1.4-6.0 
2.0-7.8 

0.019-0.026 

Wong et a). (1976) 

Southern 
Beaufort Sea Pomfret GC/MS PAH 0.009 Wong el al. (1976) 

Tuk Harbour Arctic Flounder 
(muscle) 
(liver) 

GC 
OC 

paraffins 
paraffins 

0.16-4.76 
7.5-714 

Thomas (198B) 

Tuk Harbour Starry Flounder 
(muscle) 
(liver) 

GC 
GC 

paraffins 
paraffins 

0.52-4.4 
18.4-227 

Thomas (1988) 

Mason Bay Arctic Flounder 
(muscle) 
(liver) 

OC 
OC 

paraffins 
paraffins 

0.74-123 
71.9-300 

Thomas (1988) 

Mason Bay Starry Flounder 
(muscle) 
(liver) 

GC 
GC 

paraffins 
paraffins 

0.91-9.7 
29.6-224 

Thomas (1988) 

' GC » Gas chromatography 
GC/MS • Gas chromaiography/mass spectrometry 
GR » gravimetric 
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Table 3.3 The hydrocarbon contents in Arctic marine sediments. 

Depth* Number of 
samples 

Method of 
analysis** 

Type of 
hydro

carbons 

Hydrocarbon 
content*** 

Reference 

GC 
GC/MS 

n-alkanes 
PAH 

7.8±5.2//g/gwet 
480 ±360 ng/g wet 

Thomas (1988) 

GC 
GC/MS 

n-a!kanes . 
PAH 

8.3±7.8pg/gwet 
260±290 ng/g wet 

Thomas (1988) 

GC 
GC/MS 

n-alkanes 
PAH 

l7.5±6.6/tg/g wet 
960±730 ng/g wet 

Thomas et al. 
(1983) 

GC 
GC/MS 

n-alkanes 
PAH 

I2.2±5.4,ug/g wet 
I050±620 ng/g wet 

Thomas et al. 
(1983) 

GC 
GC/MS 

n-alkanes 
PAH 

5.1±0.6.ug/g wet 
380±40 ng/g wet 

Thomas el al. 
(1983) 

20 GC Saturates 0.1-12.5 /Jg/g Shaw et al. 
(1979) 

14 Paraffins 
total HC 

2.6-18.0 ffg/g 
18.4-164 pg/g 

Wong el al. 
(1976) 

Alaska 
Hutchison Bay 

McKinley Bay 

Tuktoyaktuk Harbour 

Tuktoyaktuk Harbour 

Kugyufctufc Bay 

USA-Canada 
Beaufort Sea 2-11/0 

Southern 
Beaufort Sea 7-191/0 

Southern 14-155/0 
Beaufort Sea 

Paraffins 6.0-23.6 pg/g Wong et al. 
total HC 36.9-109//g/g (1976) 

PAH 120-2890 ng/g 

Greenland 
63°-68°N 
off West Coast 

Norway 
Tromsøflaket ?/0-l 

GC 

GR total HC 

0.06-0.610 /ig/g Jensen el al. 
(1977) 

3.4±3.6 ftg/g Aamol {1990) 

Given as water depth <m)/sample depth (cm). 
' GC - Gas chromatography 

GC/MS *• Gas chromatography/mass spectrometry 
GR — gravimetric 

'* Hydrocarbon (ftg)/dry sediment <g). unless where noted different. 



Table 3.4 Year to year variations (Melnikov et al., 1990) 

a) Sovjet (winter-spring) - year to year variability of total petroleum hydrocarbons in surface waters Oig/I). 

Year 1982 83 84 85 86 87 88 89 Mean Mean 
Location dev. 
Kara 48.0 37.5 40.0 31.0 32.0 36.0 <30.0 30.9 35.7 6.2 

Laptev 50.0 37.3 33.3 30.0 36.0 37.0 <30.0 33.0 35.9 6.4 

Easl-Siberien 43.0 32.0 59 3 31.4 38.0 47.0 <30.0 <30.0 38.0 10.5 

Chuckchi 46.0 <30.0 47.6 30.5 31.4 48.0 33.0 <30.0 36.9 8.6 

b) Sovjet (summer-spring) - year to year variability of total petroleum hydrocarbons in surface waters Gjg/I). 

Year 1982 83 84 85 86 87 88 89 Mean Mean 

Location dev. 

Kara - - - 38.8 36.0 25.0 <30.0 38.0 33.6 5.9 

Laptev 34.4 <30.0 <30.0 35.0 <30.0 - - - 32.3 2.6 

East-Siberien . . _ - - - - - - -

Chuckchi 31.3 33.1 33.1 <30.0 - - <30.0 <30.0 31.5 1.6 

c) Sovjet (summer-fall) - year to year variability of total petroleum hydrocarbons in snow on Arctic seas (wg/1). 

Year 1986 87 88 89 Mean Mean 
Location dev. 

Kara <30.0 <30.0 <30.0 37.9 30.4 2.2 

Laptev 32.5 <30.0 30.5 33.7 30.8 1.2 

East-Siberien 54.0 53.0 45.4 45.8 45.6 I I . 1 

Chuckchi 43.3 37.0 44.0 40.0 43.8 5.4 
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4. ECOLOGICAL EFFECTS OF PETROLEUM HYDROCARBONS IN THE ARCTIC 

Oils are largely composed of hydrogen and carbon. Contamination of 
water bodies with oil is however not regarded simply as a form of 
organic pollution, mainly for two reasons: 

- the lighter, volatile fractions are acutely toxic to most types 
of living organisms 

- the paucity of biologically essential elements other than hydro
gen and carbon causes rates of oil decomposition to be nutrient 
limited and relatively slow. Hence longer-term, secondary 
effects are likely to appear, especially in the Arctic, where 
decomposition is low anyway due to low temperatures (Green and 
Trett. 1989) 

ty.l. Air - Water Interaction 

As pointed out previously (Chapter 2) PHC may be introduced into the 
Arctic marine environment through the air, by ocean currents and by 
rivers. If ice is present, PHC may be trapped in the ice and any 
damage will initially be localized and restricted to ice fauna due LO 
the immobility in the ice. 

PHC reaching the air-water interface will, on the other hand, mix with 
the natural organic microlayer covering the water surface and affect 
the transfer of oxygen as well as carbondioxide between the air masses 
and the water column. This will of course influence the oxygen concen
tration in the water column and therefore the oxygen available to the 
biota. The changes taking place within the organic microlayer will 
also change the albedo of the water surface and thus the light pene
tration into the water. 

When petroleum components on the water surface is exposed to light and 
oxygen at the same time many hydrocarbons are photooxydized to com
pounds which are reactive and rather water soluble. A number of these 
compounds will dissipate into the water phase and interact with the 
marine species that are present. Other oxidation products will 
increase the rate of emulsion formation and thus make more oil avail
able to the marine biota. Since photooxidation processes are light-
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dependent their effects exhibit enormous seasonal variations, but how 
important these effects are, is still a matter of considerable 
dispute. 

4.2. Effects of Oil in the Arctic Marine Ecosystem 

As a result of the current system there is ample opportunity for 
pollutants to reach the Arctic area as most surface water masses in 
this area originate from areas in the south which are more influenced 
by anthropogenic activity. 

In many Arctic areas the often present and well-pronounced pycnocline 
would suppress the downward mixing of spilled oil to productive ben-
thic depth zones {Sergy and Blackall, 1987)• Therefore the water layer 
above the pycnocline, shorelines and nearshore areas are the most 
endangered areas. 

Due to the low temperatures biodegradation is considered a minor 
factor in the removal of oil from Arctic shorelines and sediments. In 
addition, oil slicks are likely to be more damaging in cooler waters 
because petroleum hydrocarbons are less likely to form the less 
damaging tar balls (Evans, 1987). 

tii^U Qll_ln_ice-cgvered_seas 

Oil spilled in ice-covered seas will behave different from oil spilled 
in the open ocean: 

In pack ice wind and ice floe movement lead to a concentration of oil 
in leads and polyneas with a mean thickness between one millimeter and 
one centimeter. Oil splashed on the surface of the ice will form a 
snow-in-oil sludge that is resistant to burning and chemical 
dispersion. At the ice-undersurface a 0.25- 1-3 cm thick layer of 
trapped oil forms, that can be incorporated into the ice during later 
freezing (Campbell and Martin, 1973: Ayers et al.. 197^; Martin and 
Campbell, 197*0 . 
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Oil spilled under ice during mid-summer would probably appear quickly 
on the ice-surface due to the porous character of the ice, whereas oil 
spilled at other times of the year would soon be trapped even in 
leads. Buist et al.(1983) report the build-up of a new, several mm 
thick ice-skin that coated the spilled oil within 48 h, thus prevent
ing any weathering. 

Weathering of oil is very slow, even in leads and other areas of open 
water. It is extremely slow in oil trapped under ice: After nine month 
of exposure oil experimentally spilled in ice showed only 5# loss of 
weight and no biodegradation at all (Atlas et al., 1978}• 

Thus, animals associated with the ice (ice-biota, seals etc.) are more 
endangered because: 

- oil slicks in leads and between ice-flows are thicker 
than in open waters; 

- after a single spill a seasonal appearance of oil can be 
expected for several years; 

- due to the slow weathering especially under ice the oil 
will contain a higher amount of lighter fractions for a 
long period. As these are known to be the most toxic 
(e.g. aromatics), the oil will retain its toxicity for 
a longer time. 

4.2.2.1. Algae 

During an experimental oil spill no severe effects of oil treatment on 
ice algae were detected in analyses of group composition, cell densi
ties, chlorophyll a concentrations and productivity after a 2-d 
recovery period (Cross 1987)* These results are in conflict with a lot 
of literature on the effects of oil on other types of oicroalgae, 
reporting cell death or inhibition of growth or photosynthesis. A 
summary of previous literature and discussion of the contrasting 
results is given by Cross (1987). 
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In several studies productivity was only measured immediately after 
exposure, so information on recovery periods is lacking. Recovery 
periods in the order of days are reported by Mahoney and Haskin (1980) 
and Farke et al. (1985). 

4.2.2.2. Invertebrates 

The zooplankton appears to be very sensitive to dispersed and dis
solved oil constituents, and less sensitive to oil on the water 
surface (Wells and Percy, 1985). The hydrocarbons are ingested as oil 
droplets from the water or as contaminated food. The effect might be 
lethal or the food uptake and/or reproduction can be lowered. 

Most of the earlier studies on the effects of oil pollution on marine 
invertebrates have been done on species from boreal or warmer areas. 
Recent studies on e.g. the blue mussel Mytilus edulis and the araphipod 
Gammarus oceanicus are described in Zachariassen (ed.), 1989. 

One of the few studies about the effects of oil on natural popu
lations and communities was carried out by Jackson et al (1939) after 
a major oil spill at the Panamian coast. The area had been monitored 
for fifteen years before the spill. Jacksoii et al. provided evidence 
that oil causes severe damage to intertidal and subtidal invertebrates 
not only in terms of immediate mass mortality; in addition recovery 
periods can be very long and sublethal effects can be extensive and 
may be more important in long term than initial mortality. 

The Baffin Island Oil Spill (BIOS) Project compared the consequences 
of chemically dispersing an oil slick close to shore with the option 
of allowing the oil to beach and leaving it to natural self-cleaning 
processes. The historical background, overall design of the study and 
a summary of the results are given by Sergy and Blackall (1987), 
detailed results concerning biological effects of oil are given e.g. 
by Humphrey et al. (1987). Snow et al. (1987). Cretney et al.(1987). 
Cross (1987) and Mageau et al. (I967). 

In the nearshore subtidal environment both the short-term exposure to 
chemically dispersed oil in the water column and the long-term expo
sure to oil in the sediment produced responses In the population and 
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bioaccumulation of oil in the fauna. Acute behavioural and physio
logical effects in a wide variety of animals and in some cases a 
reduction of numbers were observed at the areas near the spill of 
chemical dispersed oil. "Most dramatic was the emergence from the 
sediment and/or immobilisation of infaunal and epibenthic inverte
brates." (Sergy and Blackall, I987). A laboratory test showed similar 
responses, the reactions being related to oil exposure rates and not 
to body burden. Only for a few species there were indications that the 
oil was resposible for medium-term sublethal effects, but it is most 
probable that the lack of population effects seen in the BIOS experi
ment stem from relatively low concentrations and the composition of 
the oil residues. Continuing exposure may be sufficient to produce 
sublethal changes in the condition of benthic organisms. It is 
possible that greater effects would have occured given a heavier 
oiling or repeated oilings. 

4.2.2.3- Fish 

Fish seem to be quite sensitive to hydrocarbons (Rice, 1985)• The LC 5 0 

{i.e. the concentration of aromatic hydrocarbons that kills $0% of the 
test animals), is as low as 1.6 ppm for the polar cod (Rice et al., 
1979). In general, eggs and larvae are the stages in the life cycle 
that are most sensitive to pollutants. Considering spilled oil they 
would be specially at risk because they are very often floating at the 
surface and cannot actively avoid spilled areas. 

Khan (19o7) carried out experimental studies on flounder infected with 
the blood parasite Trypanosoma murmaniensis, exposing them for six 
weeks to oil contaminated sediments. The results provide evidence that 
the combined effect of parasites and oil not only causes higher 
mortality than is caused by either oil or parasites, but can also 
endanger health and reproduction of surviving fish. Further experi
ments have shown that after chronic exposure to PHC both the preval
ence and intensity of parasitism increased substantially (Khan, 1990). 
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4.2.2.4. Birds 

Sea birds exhibit a number of characteristics that make them particu
larly vulnerable to spilled oil: They form large breeding colonies for 
several months and spend long times sitting on or feeding from surface 
waters - very often also in high densities. Even a rather small amount 
of oil spilled at the wrong place can therefore effect a rather large 
number of birds. 

External oil destroys the water repellency of bird plumage, the 
feathers become matted and waterlogged. Thus the insulating properties 
of the plumage decrease considerably and in addition birds may lose 
their buoyancy and drown. Oiled birds can transport lethal doses of 
oil to their eggs during incubation. Apart from that oiled birds will 
ingest oil during the attempt to clean their feathers. 

Ingested oil can delay or hinder laying and depress the growth rate of 
young birds. It can affect osmoregulation and adrenal gland function 
and can lead to anaemia {Leighton et al., 1986). Bird species differ 
in their vulnerability to oil pollution. King and Sanger developed the 
oil vulnerability index (OVI) from a set of biological factors to rank 
birds in terms of their vulnerability. It oversimplifies complex 
natural phenomena but provides nonetheless a valuable tool to estab
lish management priorities. The OVI identifies almost all species of 
alcids, eiders and northern gannets to be maximally vulnerable to oil 
pollution (King and Sanger, 1979; quoted in Leighton et al. ( 1986). 

4.2.2.5- Mammals 

The phocid seals have a relatively short coarse pelage with poor heat 
conservation abilities and rely mainly on dermal and subcutaneous 
blubber for insulation. Oil covering is therefore less likely to cause 
thermal problems to then. 

So far all well-documented cases of the effect of oil on natural seal 
populations have come froa temperate waters, indicating that these 
populations will survive oil contanina^'on with few deaths, mainly 
concerning animals that get so heavily coaled that they cannot swim 
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and therefore drown. Mother-pup relations seem not to be disturbed and 

the pups do not seem to ingest large amounts of oil during sucking 

(Griffiths et al., 1987). But there is a lack of knowledge concerning 

the effect of oil on seals in ice. 

Smith and Geraci (1975) exposed ringed seals to floating light crude 

oil for 24 hours at water temperatures of 7 - 9°C and 12 - 14°C. The 

first group showed strong eye irritation leading to corneal ulcer

ation, the second group died 21, 60 and 71 minutes after exposure, 

before showing loss of swimming coordination, trembling and thrashing 

on the surface. These are signs of acute cerebral inflammation, which 

intoxination by the lighter components of oil is known to produce 

(Griffiths et al., 1987). 

In general, young harp seals (Phoca groenlandica) might be specially 

endangered by death of prey because they are rather selective feeders 

in the most likely spilled surface waters. Death of prey animals might 

also have serious consequences for bearded seals (Erignathus barbatus 

barbatus) because oil penetrates after spillage down to at least 50 m 

which coincides with the usual diving limit of this species. In 

contrast hooded seals (Cystophora criatata) should be less vulnerable 

due to their varied diet. 

To our knowledge there has not been any study concerning the effects 

of oil pollution on walruses. After Kooyman et al. (1977) the very 

thick walrus skin had the lowest thermal conductance of all seal skins 

tested. Together with its subcutaneous blubber layer and its large 

body size this might make the walrus fairly resistant to heat loss due 

to oil fouling. But the subject certainly should be studied in more 

detail. 

The Polar bear is very likely to be affected by any major oil spill in 

a sea-Ice area by either swimming in open water leads, contacting oil 

splashed on the ice surface or eating oiled seals. The experimental 

effects of crude oil on the polar bear have been investigated by 

Øritsland (1976). Øritsland et al. (1991) and Hurst and Øritsland 

(1982), showing that 

" after oiling the heat conductance of isolated bear pelt rose by 
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factors of between two and five, and with a higher factor when 
subjected to wind; 

- a single "oiling-occasion" loaded the pelage with a depot of oil 
that the bears groomed and ingested over a period of weeks. The 
oil led to destruction of the insulative abilities of the skin, 
skin irritation and loss of pelage; 

- ingestion of oil during grooming led to vomiting and diarrhoea 
within 12 hours; in addition ingested {and perhaps also exter
nal) oil was absorbed and could be found in very high levels in 
bone marrow, brain and kidney. This lead to renal insufficiency 
and destruction of bone marrow tissue. After two weeks post-
oiling brain disfunction began to appear, which became progress
ively worse and finally led to the death of two animals. The 
experiments were carried out with oil that had been weathered 
for 36 hours and oiling occurred only once, whereas weathering 
of oil is very slow in ice-covered seas and the animals would 
probably be oiled several times. Thus, effects would probably be 
even more severe and "it seems therefore reasonable to conclude 
that a single brief oiling in nature would kill a high propor
tion of the polar bears fouled" (Griffiths et al-, 1987). 

The potential effects of oil pollution on whales have scarcely been 
studied. Baleen whales feeding in oiled waters might risk fouling 
their baleen plates, especially right whales with their fine-fringed 
baleen plates. Leatherwood et al. (1983) report avoidance of a natural 
oil seep by migrating Grey Whales, whereas Gaskin (1982) reports both 
migrating Grey Whales and rorquals swimming directly through oil 
slicks without showing any avoidance reaction. 

Whales are sure to be the focus of much public attention should there 
be a major oilspill in the Arctic. So far there is no evidence for 
oiled cetaceans being washed ashore, but one should bear in mind that 
oil and other pollutants might first affect the food of cetaceans and 
therefore have an indirect effect. 
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fr.3. Effects of Oil on Terrestric Plant Communities 

Experiments with crude oil and diesel oil showed that Arctic plant 
communities are susceptible to oil spills {Holt, 1987). Diesel oil had 
a much more pronounced effect, even after three yearn only mosses 
showed recovery. On the crude oil plots shrubs (esp. Salix arctica) 
and mosses showed best recovery at all sites, whereas graminoids and 
forbs showed no recovery within three years. 

Generally, the degree of recovery seems to be better in wet and moist 
plant communities. The water is probably protecting the belowground 
biomass against oil, so that regrowth can occur from the belowground 
vegetative parts. Species diversity in oiled sites can be expected to 
be reduced for a longer period even in moist sites, and dry locations 
are probably effected by oil spills for several decades. 

fr.fr Effects of Oil in Arctic Freshwater Ecosystems 

Inland waters are generally very shallow and are either closed or 
partially closed, unidirectional flow systems. The effectss of oil 
contamination can therefore be different from those found in the sea. 
Due to the lower dilution factor, an oil spill in a lake will be more 
concentrated and in case of a river a spill will influence geographic
ally separated locations. 

To our knowledge there are only a few studies dealing with the effect 
of oil pollution on arctic freshwater systems. As mentioned above, 
petroleum hydrocarbon decomposition is nutrient limited. But Arctic 
lakes are oligotroph, thus decomposition will be slowed down further 
by lack of nutrients. 

Summarizing the various investigations into the effects of oi] pollu
tion on freshwater microorganisms it appears that there are generally 
no wide-scale toxic effects. In most cases the heterotrophic microbial 
population increases and a population of microorganisms capable of de
grading petroleum hydrocarbons establishes. But many of these micro
organisms tend to be aerobic, so there will be an increased oxygen de
mand and potentially anoxic conditions might occur, affecting other 

http://fr.fr
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members of the ecosystem. Apart from that the presence of petroleum 
hydrocarbons is likely to reduce mineralization rates in many cases. 

Experiments show, that crude oil can have acute lethal effects on many 
freshwater invertebrates, but toxicity varies considerably within dif
ferent types of oil and species. 

An experimental oil spill in two Arctic lakes showed that generally 
the organisms associated with the water surface, gerrids, corixids and 
adult Coleopterans were most affected by the oil (Snow and Scott, 
1975). 

Bioaccumulation factors of petroleum components can be very high, esp. 
in Dalphnia pulex, with potential for bioaccumulation increasing by a 
factor of almost ten for each addititonal ring structure. Clearance 
effectiveness also varies between the different substances but is 
never complete. Further accumulation in the food web is therefore 
likely. 

Oil pollution can also effect respiration, food assimilation, growth 
and reproduction of freshwater invertebrates. (For further details see 
Grant and Trett, I989.) 

The effects of oil on freshwater vertebrates have received far less 
attention than in marine ecosystems, but of course the water soluble 
components of oil may prove toxic to fish and amphibians, with eggs 
and larvae being especially vulnerable, and birds will be as endan
gered by loss of buoyancy and insulation or ingestion of oil because 
of floating oil as seabirds are. A further problem is the tainting of 
the flesh of fish, which is detectable at very low levels of contamin
ation and renders fish inedible. 

It is also known now, that emulsifiers and dispersants may themselves 
be highly toxic and the surface active agents which they contain make 
membranes more permeable, thus increasing the penetration of toxic 
compounds. 
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5- TRENDS 

5.1. Continuous Discharges 

5̂ 1̂ ,1 i Rjyer_Transggrt 

The main inputs of petroleum hydrocarbons to the Arctic region come 

from continuous (chronic) discharges (Table 2.3)1 especially rivers 

seem to have high PHC concentrations. Since the total catchment area 

of the Arctic rivers is 3 times the terrestrial area north of the 

Arctic Circle, a great part of the northern world's contamination will 

end up in the Arctic. Soviet measurements in the major Siberian river 

basins in the period 1983 - 1989 do not reveal any significant annual 

variations. Melnikov et al. (1990) state, however, that "since 1987 

the pollution level in the rivers of the region has become stable". 

5 ^ K 2 ; Atmospheric Input 

Other indirect sources - especially airborne, but probably also marine 

transported pollution - seem to be major contributors to the total oil 

input in the Arctic. Thus, the emissions of volatile organic compounds 

to the atmosphere, and the oil inputs to the bordering oceans will 

contribute to the total oil input to the Arctic. 

In Chapter 2.1.2 the atmospheric input of PHC to the Arctic was esti

mated on the basis of an assumed parallel between sulphur and PHC in 

precipitation. The estimated range was supported by Soviet measure

ments of PHC concentrations in snow-cover in the Siberian Arctic, 

(Melnikov et al., 1990.) 

Figure $.1 shows the monthly mean values of sulphate at Bear Island 

(Bjørnøya) and Ny Ålesund (Svalbard) for the years 1977 - 1984. There 

is a pronounced seasonal variation in the data set, but no other 

significant trend than stability can be inferred on a year-to-year 

basis. 
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Figure 5.1. The variation of the monthly mean concentration of 
S0i,-2-S at Bear Island (Bjørnøya) and Ny Ålesund 
(Svalbard) during 1977 - 1984. (NILU, 1986). 

In Figure 5.2 the annual means of PHC-content in the snow cover of the 

Siberian seas are presented. (Compare Table 3-^ c). The data seera to 

indicate an equalization in PHC-content between the eastern and the 

western Siberian seas. The measurements were carried out in summer and 

fall during the last four years, and give no information on long-time 

trends. 
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Figure 5.2. Total PHC-content (ug/1) in the snow cover of the 
Siberian seas in summer/fall. Lower sensitivity 
level is 30 ug/l. (Melnikov et al.. 1990). 

When data on atmospheric input of PHC to the Arctic are incomplete, 

good trend data will be even more incomplete. One possible trend - if 

any - is that the atmospheric input of PHC is fairly stable on an 

annual basis. 
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5.2. Acute Oil Spills 

In comparison with the total annual oil input, reported accidental 
discharges of oil are small {Table 2.3). On a local and regional 
scale, however, such acute spills represent the largest threats. 

The amount of acute oil spills into the Arctic region (Chapter 2.^} 
varies considerably from year to year and from one region to another. 
Figure 5-3 shows the total amount of hydrocarbon spills entering the 
Arctic marine environment from Canada in the years 1972-1988. The 
figure illustrates the large annual variability in acute discharges. 
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Figure 5-3- Annual hydrocarbon spills entering Arctic marine 
environment Trom Canada. (Sackoann, 1990). 

Similar large year-to-year variability are represented in the Alaskan 
data on acute oil spills to the Beaufort Sea and the Bering Sea. 
(Chapter 2.l).l.) The Norwegian data (SFT, 1990) show less variations, 
but no significant trend. 
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5.3- Future Loadings 

No verification data are available, but it is reasonable to assume 
that discharges of oil from the operation of vessels have decreased in 
the last decade due to requirements of Annex I of the MARPOL 
Convention. This convention came into force in 1983 and introduced 
stringent oil discharge criteria for all types of ships. The quantity 
of oil illegally discharged from ships into the Arctic marine 
environment is, however, unknown. 

Improved operational procedures (load on top) and segregated ballast 
constructions on tankers are also expected to contribute to a 
reduction in the oil discharges from vessels. 

The expected reduction of oil discharges from the operation of ships 
may be more than counterbalanced if the total ship-volume increases. 
In this connection the plans for opening the North-East Passage (the 
Northern Sea Route) on a round-the-year basis should be critically 
evaluated. In order to make this alternative route of commercial 
interest the necessary increase in cargo volume is estimated to at 
least 4-5 times today's volume, which is about 6 million metric tons 
per year. An equivalent increase (4-5 times) of oil discharges from 
ships must be expected, if no operational or structural improvements 
are decreed. 

Another possible increase in oil discharges into the Arctic may be 
caused by prospective exploration, drilling and production of oil and 
gas. Estimated future loadings of hydrocarbons to Canadian offshore 
areas from petroleum exploration and development are 430 metric tons 
(per year?) including 23 metric tons from drill cuttings and 400 
metric tons in produced water. This Canadian estimate is of the same 
magnitude as today's total oil input from reported spills (Table 2.3)* 

Besides the Canadian offshore projects, similar drilling programs 
exist for the Alaskan Arctic. Oil and gas activity in the Barents Sea 
has been in progress since 1980 (Norway) and 1982 (USSR). Estimates on 
future loadings from these petroleum related activities are, however, 
not available. 
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5.4. Conclusions 

Figure 5.3 shows the measured PHC-content in the surface water of the 
Siberian seas in winter and spring from 1982 - 1989. (Compare Table 
3A a). On the basis of these data Melnikov et al. (1990) state: "The 
observations obtained so far (including 1989) allow us to conclude 
that no significant changes in the concentration of petroleum 
hydrocarbons in the Arctic marine environment occured". 

• Kara 

• Laptev 

H East Siberian 

• Chukchi Sea 

1982 1983 1984 19S5 1986 1987 1988 1919 Y e a r 

Figure 5.4. Total PHC-content (ug/1) in the surface of the Siberian 
seas in winter/spring. Lower sensitivity level is 30 ug/1. 
(Melnikov et al., 1990). 

On the other hand, the Soviet data showed that the heaviest pollution 
coincides with the busiest ship traffic routes in the navigation 
period. *s to the proposed round-the-year opening of the Northern Sea 
Route - if approved - an increase in oil spills and operational ships 
discharges may be expected. A more intense exploration of the Arctic 
area - especially within the petroleum industry - will involuntarily 
have the same effect. (See also Chapter 6: State and Measures.) 
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6. STATE AND MEASURES 

6.1. State 

6\1;1. The_Water_ Column 

The data are summarized in Table 3-1 pages 31 and 32. 

The hydrocarbon data vary with respect to methods of analysis and type 

of hydrocarbons. The results from the Soviet Union is difficult to 

compare to the rest of the data, since they represent bulk fractions 

of hydrocarbons analysed by IR-spectrophotometry. The method is less 

sensitive and does not separate between petrogenic hydrocarbons, 

biogenic hydrocarbons and lipid materials. The detection limit of the 

method is 30 ug/1, and thus no information is obtained of con

centrations below that. Even taking the mentioned reservations into 

consideration regarding the measurements from the Siberian estuaries, 

the data indicate that these areas are relatively polluted by oil. The 

measured concentrations are fairly stable between the five sampling 

areas, both of total petroleum fractions and of the high boiling 

compounds. The year to year variations given in Table 3-^ show no sig

nificant changes in concentrations during the period from 1982 to 

1989. 

Results from Færingehavn in the south-western part of Greenland show 

n-alkanes in the order of ng/1 compared the Soviet samples that were 

in Mg/1- But. both analytical methods and type of hydrocarbons make a 

further comparison difficult. Analysis of NPD from the same area gave 

concentrations up to more than 200 ng/1 at some stations, while other 

stations here and in the open sea showed concentration of approx

imately 5 ng/1. One other reference reports PAH in the range 13 - ^5 

ng/1 in the Beaufort Sea, which is somewhat higher than in open sea 

off the west coast of Greenland. 

The rest of the data reported represents gaseous components, either 

methane (Shaw, 1977) or total C, - C^ gas (Wong, et al., 1976; 
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Swinnerton et al., 1974). Reported concentrations vary from 1 6 - 1 155 
nl/1 with the largest variations and highest concentrations in the 
southern Beaufort Sea. 

A comprehensive study of total HC concentrations in the water column 
of different areas in the North Sea has been performed {Aquatic 
environment monitoring report, 1990)* Compared to these results, 
ranging from 0.2 - 47 ug/1, the data presented in the present report 
are generally much lower (with exceptance of the Siberian data). 
However, the present report describes data from relative narrow HC 

boiling point ranges, and a direct comparison kis thus not possible. 

Further studies are necessary to establish an agreed state oF the PHC 
content of the marine water column in the Arctic. 

§ili?i__The_Biota 

The data are summarized in Table 3-2 page 33-

The data unit is mg/kg wet weight level, and the methods applied are 
mainly GC (non-polar, paraffins) and GC-MS (PAH). 

Paraffin and non-polar concentrations vary between 0.1 and approxi
mately 20 mg/kg wet weight for most samples. The exceptions are some 
plankton samples from the southern Beaufort Sea with up to 200 mg/kg, 
and all liver samples from Tuk Harbour and Mason bay. The latter show 
paraffin content in the range of 8-300 mg/kg wet weight. The few re
sults reported for PAH (all in the southern Beaufort Sea) are in the 
range 0.009 - 0.031 mg/kg or 9~31 pg/kg wet weight. 

Because of the variation in analytical methods, comparison within the 
present data set and with results fron studies in other parts of the 
world is difficult. However, the Arctic Biota HC levels seem to be in 
the lower part of the reported range of HC in marine Biota, HC in fish 
liver tissue and muscle from background areas In the North Sea has 
been detected in the range <0.1 - 600 ug/g dry weight (Hasle et al., 
1987; Bowler et al., 1986; Bowler et al., 1987; Johnsen et al. 1988a) 
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The data are summarized in Table 3-3 page 3̂ « 

The sediment results reported are related either to wet sediment or 

dry sediment weight, and thus it is difficult to compare the available 

data. 

The sediment depth is also not known for more than half of the data, 

and this may also lead to variation in the results. 

Thomas et al. (1983) and Thomas (1988) report n-alkanes in the range 

5 _17 pg/g wet sediment, and PAH from 260-1 050 ng/g wet sediment in 

Alaska. 

Other authors (see Table 3'3-) report total HC levels in the range 

0.06 - 164 ug/g. In general these results are in good agreement with 

the HC levels measured in non-contaminated marine sediments in other 

parts of the world. For instance, the background HC concentrations in 

North Sea sediments range from 0.5 " 50 yg/g (Massie et al., 1981; 

Mcintosh et al., 1983; Sporstøl et al-, 1983; Hasle et al.. 1985; Law 

and Pileman, I985; Johnsen et al., 1988b) 

6.2. Measures 

Polluting components are airborne, transported by rivers and ocean 

currents, caused by regular discharges from the oil and gas industry 

and from ship transportation, as well as by uncontrolled discharges 

and dumping. The importance of each single source and their pollution 

potential is not identified with great accuracy. The highest concen

trations today seem to be caused by local and regional discharges and 

uncontrolled dumping. The hydrocarbon level measured in various parts 

of the Arctic, indicates that the long transported input is of less 

Importance, however, these data are rather incomplete. 

The total pollution level, as well as some of the single sources for 

pollution, can be monitored and the data used for pollution control. 
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Both precautionary regulations as well as measures may bcs applied. 
This will be of special importance if we foresee a strong increasing 
activity in the area, both by industrial exploitation of oil and gas 
sources and due to new transportation routes. 

§i2;li__Monitgring 

Regular monitoring of the total pollution level as well as of known 
single point sources is necessary to be able to control the pollution 
and the effect of measures applied. 

Visual observations of floating oil slicks and tar balls, as well 
as less sophisticated water analyses are only satisfactory for 
screening purposes. Chemical analysis of residues in water samples 
are, however, difficult due to the complex mixture of oils, degrad
ation products and hydrocarbons from various sources. Monitoring pro
grams should therefore be based on adequate, coordinated analytical 
procedures. Satisfactory reference samples should also be secured. 
Studies of petroleum residues in sediments and marine organisms are 
important. Sophisticated sampling and measurements procedures are 
necessary. Baseline data should be obtained within a defined, coordi
nated system of sampling locations. Further measurements should be 
carried out at regular intervals depending on the baseline data and 
the changing activity level in the area. The North Sea task force 
monitoring master plan may be used as a guideline for a similar plan 
for the Arctic region. 

Point source monitoring around production platforms or other install
ations nay also be applied. Such monitoring should be coordinated with 
any overall monitoring program running in the area. 

6^2^2X Oil_and_gas_industry 
The oil and gas industry contribute to oil pollution by discharge of 
oil-based drilled cuttings, regular discharges of produced water. 
ballast water from storage tanks, drainage as well as minor spills/ 
leaks of oil during operations. Loss due to evaporation is assumed to 
be of importance but have not been well quantified. Two major regular 
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sources to oil pollution are the discharge of drilled cuttings and the 
produced water. 

Blow-out accident may release thousands of tons of oil per day and 
last for months. They occur statistically very seldom, but the magni
tude of such accidents underline the necessity of an efficient oil 
spill contingency as well as sound safety and quality assurance 
procedures. 

Drilling fluids and cuttings 

Oil-based drilling fluids used today are based on the low-aromatic 
base oils. Diesel oil earlier used for this purpose has been banned. 
Drilled cuttings with remains of oil, primarily influence the sea 
bottom close to the platform where the cuttings has a smothering 
effect on the flora and the fauna. Problems with tainting of fish, 
however, have been registered further away from the platforms in areas 
with high drilling activity in the North Sea. Regulations on the 
discharge of cuttings containing oil is therefore advisable close to 
fishing ground. This nay either be limitations on the oil content left 
in the cuttings or limitations on the amounts totally discharged. This 
may also imply transportation of oil-based drilled cuttings to the 
shore for treatment or/and disposal. 

Treatment methods for oil contaminated cuttings have improved, but an 
oil content of 5 " 10 % has up to now been hard to achieve in 
treatment systems operated on the platform. Discharge of cuttings with 
this oil content has to be evaluated against the total activity in the 
area, as well as the specific location versus important biological 
resources in the area. 

Both the composition and the application techniques for less toxic 
water-based drilling fluids, have been greatly improved during the 
last few years. Whenever possible such fluids should also be used Pot-
deep and deviation type of drilling, where oil-based fluids up to now 
have been preferred. While only water-based fluids are allowed to be 
used within U.S. coastal and oceans waters already, limitations on the 
use of oil based fluids will be inforces in Norway from 1991* 
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Whether water- or oil-based drilling fluids are used, they should be 
selected for low toxicity, low accumulation potential as well as high 
biodegradability. The other components than the oil in the drilling 
fluids are of importance for this overall evaluation. Rules for selec
tion and approvement of fluids will be harmonised in the North Sea 
countries within short time through the Paris Commission. A similar 
system may be suggested for the countries bordering the Arctic Ocean. 
The NPDES system of eight generic types to be used without prior 
testing is another system that may be adopted on a wider scale. 

Produced water 

Produced water contains oil that contribute to the hydrocarbon level 
in the water column. Typical numbers from the Norwegian sector of the 
North Sea are 10 % of t!.a total oil discharged. In open waters the 
hydrocarbon concentration due to this discharge, however, will never 
reach acute toxic levels for the biological resources in the water 
column. The oil content of the produced water is normally measured as 
the fraction of finely dispersed oil in the water. Dissolved oil as 
well as components like organic acids and phenol regularly present, 
are not measured. More relevant monitoring methods for the production 
water should be developed. Water treatment methods to remove both 
dissolved and dispersed oil in the production water, as well as other 
components, are presently being developed and include both physical, 
chemical and biological methods. If cost/efficient methods are found, 
it may be advisable to install such equipment on production platforms 
regardless of the location. 

Loss to the air 

The loss of oil through evaporation as well as the emission of burning 
products are less controlled sources for pollution. Efforts are pre
sently made in more countries to quantify these losses. If they show 
to be quantitative important, regulations should be applie'. Measure
ments have shown that 0.2- 0.5 % of the oil is regulai.y lost during 
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unloading and loading of tankers. Loading procedures may be improved 
and in addition vapour recovery equipment may be installed. The 
burning process should be optimized and controlled to avoid formation 
of organic components with high specific toxicity and/or bioaccumu-
lation potential. 

§i^i3i lE^OSBgrtation 
Most oil spills, both small and large ones, are statistically 
connected to oil transportation by ships. Regulation of sailing routes 
for tankers and other vessels are therefore important both in order to 
avoid specially biological sensitive areas as well as for planning of 
the oil spill contingency. 

Oil spill prevention by regulations of sailing routes and design and 
operation of the ships are the main possible measures to apply. It is, 
however, recognized that the human factors more often are the major 
cause when accidents occur. The necessity of proper contingency plans 
and personnel training should be strongly underlined. 

Spt- fal safety regulations are presently discussed for instance within 
IMO concerning the construction and the control of vessels. Tankers 
with double bottom is one actual mean of precaution. For trans
portation in the Arctic the most advanced and solid constructions and 
materials should be selected for use. 

Dumping is prohibited by international regulations. Experience shows, 
however, that floating forms of oil are closely associated with tanker 
lanes and other areas of ship activity. It is important to insure that 
international agreements are respected and to obtain mutual agreements 
on reporting and action when such incidents are discovered. 

§i2;^__MaJgr_sBills 

Blow-out and spills from accidents with transportation vessels arc the 
largest threats to on acute pollution situation. Arctic conditions are 
described by low temperature, long periods of darkness and remote 
areas with an infrastructure not very well suited for large oil spill 
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clean-up operations. This demands an efficient oil spill contingency 
as well as the use of alternative measures compared to those otherwise 
used for oil spill prevention and clean-up. Contingency plans should 
be coordinated and regularly evaluated through simulated and 
practical tests of performance. 

Existing equipment for mechanical oil spill clean-up is strongly 
limited by wind and wave actions. For Arctic conditions floating ice 
add to the problem. New concepts or optimization of existing equipment 
is necessary to be able to collect oil on water efficiently. Chemical 
and thermal methods are presently tested in more countries in order to 
evaluate their efficiency and possible environmental effects. The use 
and optimization of such methods may be necessary in order to obtain a 
sufficiently efficient oil spill contingency for the Arctic region. 

Chemical methods may include for instance use of dispersants, demulsi-
fiers in order to enhance natural or chemical dispersion, use of elas
tomers, gelling agents etc to solidify the oil and thereby improve the 
mechanical collection. Such new treatment concepts have not been 
properly tested and adapted to Arctic conditions. Thermal treatment 
has been extensively tested in more countries, and found to have a 
potential under spesific spill and/or ice conditions. Further develop
ment of efficient igniters, soot reducers and fire-proof equipment may 
increase the potential use of this method. 

Both due to regular discharges of oil contaminated drilled cuttings, 
and the possibility of a blow-out or other spills, drilling operations 
in biological sensitive areas may be regulated to take place only 
during the less sensitive parts of the year. 
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