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Preface


This assessment report details the results of the 2007 Assessment of 
 Oil and Gas Activities in the Arctic conducted under the auspices 
 of the Arctic Council and coordinated by the Arctic Monitoring and 
 Assessment Programme (AMAP).


It provides the accessible scientific basis and validation for the statements 
 and recommendations made in the report ‘Arctic Oil and Gas 2007’ 1
 that was delivered to Arctic Council Ministers in April 2008. It includes 
 extensive background data and references to the scientific literature, and 
 details the sources for figures reproduced in the ‘Arctic Oil and Gas 
 2007’ report. Whereas the ‘Arctic Oil and Gas 2007’ report contains 
 recommendations that specifically focus on actions aimed at improving 
 the Arctic environment, the conclusions and recommendations presented 
 in this report also cover issues of a more scientific nature, such as 
 proposals for filling gaps in knowledge, and recommendations relevant to 
 future monitoring and research work, etc.


The assessment constitutes a compilation of the prevailing knowledge 
 about oil and gas activities in the Arctic region to the middle of the decade 
 and an evaluation of this information. It was prepared as far as possible 
 in a systematic and uniform manner to provide a comparable knowledge 
 base for the circum-Arctic countries that builds on earlier work and can 
 be extended through continuing work in the future.


The assessment is published in three volumes. This volume, Volume 2, 
 includes Chapters 1, 4, 5 and 7 of the assessment:


Chapter 1 · Introduction


Chapter 4 ·  Sources, Inputs and Concentrations of Petroleum 
 Hydrocarbons, Polycyclic Aromatic Hydrocarbons, and 
 other Contaminants Related to Oil and Gas Activities in the 
 Arctic


Chapter 5 ·  Effects of Oil and Gas Activity on the Environment and 
 Human Health 


Chapter 7 · Scientific Findings and Recommendations


Chapters 1 and 7 of the assessment are included in all three volumes 
 as they provide important information concerning the content and 
 organization of the material and summarize the overall results of the 
 assessment in case other volumes are not accessible to the reader.


The assessment presented in this report is the responsibility of the 
 scientific experts involved in the preparation of the assessment. Lead 
 countries for this Arctic Oil and Gas Assessment were Norway and the 
 United States. The assessment is based on work conducted by a large 
 number of scientists and experts from the Arctic countries (Canada, 
 Denmark/Greenland/Faroe Islands, Finland, Iceland, Norway, Russia, 
 Sweden, and the United States), together with contributions from 
 indigenous peoples’ organizations, from other organizations, and from 
 experts in other countries.


AMAP would like to express its appreciation to all of these experts, who 
 have contributed their time, effort, and data; and especially to the lead 
 experts who coordinated the production of this report, and to referees who 
 provided valuable comments and helped ensure the quality of the report. 


A list of the main contributors is included in the acknowledgements 
 on page vii of this report. The list is not comprehensive. Specifically, 
 it does not include the many national institutes, laboratories and 
 organizations, and their staff, which have been involved in the various 
 countries. Apologies, and no lesser thanks are given to any individuals 
 unintentionally omitted from the list. Special thanks are due to the lead 
 authors responsible for the preparation of the various chapters of this 
 report.


The support of the Arctic countries is vital to the success of AMAP. 


AMAP work is essentially based on ongoing activities within the 
 Arctic countries, and the countries also provide the necessary support 
 for most of the experts involved in the preparation of the assessments. 


In particular, AMAP would like to express its appreciation to Norway 
 and the United States for undertaking a lead role in supporting the Oil 
 and Gas assessment. Special thanks are also offered to Canada, Denmark, 
 Norway, United States and the Nordic Council of Ministers for their 
 financial support to the work of AMAP, and to sponsors of projects that 
 have delivered data for use in this assessment.


The AMAP Working Group that was established to oversee this work, 
 and the Arctic oil and gas assessment expert group are pleased to present 
 its assessment.


Russel Shearer


AMAP Working Group Chair
 Dennis Thurston


Arctic oil and gas assessment co-lead (USA)
 Hein Rune Skjoldal


Arctic oil and gas assessment co-lead (Norway)
 Lars-Otto Reiersen


AMAP Executive Secretary
 Oslo, December 2010


1AMAP, 2008. Arctic Oil and Gas 2007. Arctic Monitoring and Assessment Programme (AMAP), Oslo, Norway. xiii+40 pp.
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1.1. Background


In 1997, the Arctic Monitoring and Assessment Programme 
 (AMAP) presented the results of its first assessment of 
 the pollution status of the Arctic. The reports (AMAP, 
 1997, 1998a) detailing the results of that assessment 
 included a chapter on ‘petroleum hydrocarbons’, which 
 described the regional development and transportation of 
 petroleum resources, the environmental fate of petroleum 
 hydrocarbons, and their levels and effects in the Arctic 
 environment. 


That first AMAP assessment of petroleum 
 hydrocarbons in the Arctic was prepared at a time when, 
 after a period of intense activity during the 1980s, largely 
 driven by high oil prices following the oil crises of the 
 early 1970s and early 1980s, interest in Arctic oil and gas 
 resources was falling, or was at least being considered a 
 low priority by governments and industry. 


Major oil production activities were identified as an 
 issue of ‘sub-regional’ environmental concern in parts 
 of Western Siberia, and on the North Slope of Alaska 
 where the Prudhoe Bay fields had been rapidly developed 
 during the late-1970s and 1980s. As with the Prudhoe Bay 
 development, oil production from fields in the Mackenzie 
 Valley area of Canada were already past their peak by the 
 beginning of the 1990s. Intensive exploration activities 
 in the Canadian Arctic had revealed the presence of 
 substantial quantities of oil, and in particular gas in the 
 Mackenzie Delta/Beaufort Sea area, but the prevailing 
 economic conditions meant that, with the exception of 
 a small amount of oil production from the Bent Horn 
 field, these were not commercially exploitable, and 
 discovery wells were therefore capped for possible future 
 production. Offshore, significant exploration activities had 
 been, or were being conducted in the Bering, Beaufort, 
 Norwegian and Barents Seas. Building on its North 
 Sea operations, outside of the Arctic, Norway was just 
 starting production from Norwegian Sea fields, with good 
 prospects of discoveries in the Barents Sea.


Despite the limited extent of Arctic oil and gas 
 development at the time of the first AMAP assessment, two 
 major oil spill events occurring just prior to the publication 
 of the AMAP assessment had focused considerable 
 international attention on the potential threats for 
 environmental impacts associated with oil and gas 
 activities in northern areas. These were the Exxon Valdez 
 accident in Prince William Sound in southern Alaska, and 
 the well-publicized ‘Komi spill’ in Russia, from a pipeline 
 near Usinsk in the lower Pechora Basin.


The first AMAP assessment of petroleum hydrocarbons 
 in the Arctic presented 15 major conclusions, together with 
 the following (main) recommendations: 


In regions of existing or developing oil and gas exploitation 
 and transportation in the Arctic:


•  Steps should be taken to harmonize the monitoring of 
 petroleum hydrocarbon levels and effects.


•  Nautical charts and environmental sensitivity mapping for 
 the Arctic area should be improved as an important counter-
 measure for oil spills.


•  Methods and techniques for combating oil spills in ice-
 covered areas should be developed to reduce damage when 
 spills occur.


These conclusions and recommendations were 
 reported to Ministers of the eight Arctic countries at the 
 Third Ministerial meeting of the Arctic Environmental 
 Protection Strategy (AEPS) in Tromsø, Norway in 1997.


Work has also been conducted under other Arctic 
 Council Working Groups relating to oil and gas activities 
 in the Arctic, partly in response to these recommendations. 


This has resulted in reports prepared by the Arctic Council 
 Working Group on Emergency Prevention, Preparedness, 
 and Response (EPPR) on the Arctic Shoreline Clean-up 
 Assessment Technique (SCAT) Manual (Owens et al., 2004), 
 the Arctic Guide for Emergency Prevention, Preparedness and 
 Response (EPPR, 2008) and the Circumpolar Map of Resources 
 at Risk from Oil Spills in the Arctic (EPPR, 2002); and reports 
 prepared by the Working Group on Protection of the 
 Arctic Marine Environment (PAME) on Arctic Offshore Oil 
 and Gas Guidelines (PAME, 1997, 2002, 2009), Arctic Marine 
 Strategic Plan (PAME, 2004a) and Guidelines for Transfer of 
 Refined Oil and Oil Products in Arctic Waters (PAME, 2004b).



1.2. Arctic Council’s 2006 assessment of  Oil and Gas Activities in the Arctic


In 2002, AMAP proposed to the Arctic Council that an 
 update to its 1997 assessment of Petroleum Hydrocarbons 
 in the Arctic be produced, for delivery in 2006. In the 
 period since the publication of the first AMAP assessment, 
 significant changes have occurred in the global economy 
 with respect to demand for energy, and energy security 
 considerations, which mean that renewed attention is 
 being given to Arctic oil and gas resources. At the same 
 time, assessments of the impacts of climate change (for 
 example, the Arctic Climate Impact Assessment; ACIA, 
 2004, 2005) were indicating that, under scenarios for the 
 not too distant future, Arctic conditions might be more 
 favorable for resource development, and perhaps more 
 importantly for the associated transportation of resulting 
 production.


Recognizing this situation, and also recognizing that 
 a comprehensive assessment of oil and gas activities in 
 the Arctic should address issues beyond just the potential 
 pollution threats from such development, the Arctic 
 Council therefore requested that relevant working groups, 
 under the lead of AMAP, prepare an assessment of Oil and 
 Gas Activities in the Arctic. 



1.2.1. Scope of the assessment


The Arctic Council Ministers (Arctic Council, 2004) 
 directed that this assessment should build on and expand 
 the AMAP assessment completed in 1997, and evaluate 
 four types of impacts or effects associated with oil and gas 
 activities in the Arctic:


•  social and economic consequences
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(12)•  environmental impacts from pollution


•  environmental effects from physical impacts and 
 disturbances


•  effects on human health 


These four components of the assessment constitute 
 the framework for much of the information presented in 
 this assessment report. 


The assessment specifically does not include the 
 relation between Arctic oil and gas development and 
 global carbon dioxide (CO2) emissions and greenhouse 
 warming. This topic is addressed in other assessments, for 
 example those by ACIA, the UN Intergovernmental Panel 
 on Climate Change, and national assessments.


Similarly, this assessment focuses on petroleum 
 hydrocarbons associated with oil and gas resource 
 development activities, and not, for example, on use 
 of petroleum products in the Arctic, or petroleum 
 hydrocarbons in a more general sense. Chapters dealing 
 with oil and gas activities (past, present and future), and 
 socio-economic aspects of Arctic oil and gas development 
 are, by definition, limited to addressing oil and gas 
 activities. The chapter dealing with pollution aspects of 
 petroleum hydrocarbons addresses sources associated 
 with oil and gas activities, but includes information on 
 other sources (natural sources, and sources associated 
 with pollution from petroleum products, etc.) for 
 comparative purposes. More information on, for example, 
 polycyclic aromatic hydrocarbons (PAHs) associated 
 with combustion sources can be found in the AMAP 
 assessments on Persistent Organic Pollutants in the 
 Arctic (AMAP, 1998b, 2004). In relation to the ‘effects of 
 contaminants’, it is generally not possible to isolate effects 
 due to petroleum hydrocarbons released as a result of oil 
 and gas activities, from those released from other natural 
 and anthropogenic sources. However, in connection with 
 effects due to, for example, noise and physical disturbance, 
 the impacts of oil and gas activities can be more readily 
 distinguished and separately considered. Effects on 
 human health are also only considered in this assessment 
 in relation to non-occupational exposures resulting from 
 oil and gas activities.


The possible consequences of increased Arctic oil 
 and gas activity on climate change or other widespread 
 environmental problems, such as ocean acidification or 
 eutrophication is also outside the scope of this assessment.


Finally, the majority of the data presented in this 
 assessment cover the time period up to around 2004/2005 
 – the latest data available at the time this assessment report 
 was drafted. Some parts of the assessment, however, 
 were subsequently updated to include more recent data 
 where this could readily be included and where this 
 complemented the assessment. 



1.2.2. Geographical scope of the assessment


The geographical scope of this assessment is essentially 
 a modified version of the ‘AMAP area’. The AMAP area 
 (see Figure 1.1) is a non-formal definition of the Arctic, 
 but is based on several relevant physical and biological 
 definitions, plus political designations, which together 
 delimit an Arctic region that is appropriate for the 
 purposes of AMAP assessments. 


The oil and gas assessment area includes the Arctic 
 production areas on the North Slope of Alaska, the 
 Mackenzie Valley, the Norwegian offshore, and the 


West Siberian and Timan-Pechora basins of northern 
 Russia – some of which have a long history of oil and gas 
 development.


More generally, the assessment covers onshore oil and 
 gas activities:


•  in the United States (Alaska), north of the Arctic Circle; 


•  in Canada, in the petroleum provinces of the Yukon, 
 the Northwest Territories and Nunavut, north of 
 60° N; and 


•  in Russia, in the petroleum hydrocarbon basins north 
 of 60° N.


Offshore areas that fall within the assessment area 
 include: 


•  the Norwegian Sea (the Norwegian continental shelf 
 from 62° N to approximately 70° N, centered on the 
 Haltenbanken area);


•  the Barents Sea on the Norwegian-Russian continental 
 shelf, which is a focus of increasing development and 
 an area where marine transport of oil is expected to 
 increase in coming years; 


•  the Pechora, Kara, Laptev and East Siberian Seas on the 
 Russian shelf;


•  on the continental shelf between Russia and the United 
 States, the Bering Sea (the area north of the Aleutian 
 Island chain) and the Chukchi Sea;


•  on the US-Canada continental shelf, the Beaufort Sea; 


and


•  the marine areas of the Canadian Arctic Archipelago.


Parts of the assessment area that were not considered 
 in the first AMAP assessment of petroleum hydrocarbons 
 include areas of West Greenland, especially the offshore 
 waters between Greenland and Canada, and the Faroese 
 shelf, where new exploration for oil and gas reserves 
 has been ongoing during the 1990s. All areas around 
 Greenland, Iceland and the Faroe Islands are considered to 
 be within the assessment region.


Chapter 2 of the assessment discusses Arctic oil and 
 gas activities within the above mentioned areas, presenting 
 statistical and descriptive information according to the 
 main oil and gas provinces and basins around the Arctic 
 (see Chapter 2, Figure 2.9). Chapter 3 considers socio-
 economic aspects of oil and gas development, within 
 certain case study areas (see Chapter 3, Figure 3.3).


Chapter 6 of the assessment considers the status 
 and vulnerability of Arctic ecosystems to oil and gas  
 development according to defined Large Marine 
 Ecosystems (LMEs) (see Figure 1.1), and major terrestrial 
 ecosystems.


Oil and gas resource development is still restricted 
 to certain parts of the Arctic, and in that sense oil and 
 gas remains a sub-regional issue of concern. However, 
 the increasing interest in Arctic oil and gas resources; 


exploration in new Arctic areas; plans for new pipeline 
routes in the Arctic; the potential use of Arctic seas for 
shipping oil and gas; and, not least, the potential impacts 
of oil and gas related pollution on vulnerable Arctic 
ecosystems all mean that a circumpolar perspective to 
Arctic oil and gas development is emerging.
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1.2.3. Assessment process


For each of the key science chapters (Chapters 2 to 6), one 
 or more countries undertook a ‘lead’ role, which included 
 the nomination of one or more ‘lead authors’ for the 
 chapter. The lead country responsibilities were assigned 
 according to Table 1.1. 


In order to produce this assessment of oil and gas 
 activities in the Arctic, experts in the various disciplines 
 relevant to each chapter were nominated as lead authors 
 and national experts by the eight Arctic countries. The 
 lead authors, in turn, solicited contributors from the 
 non-Arctic community. An Assessment Steering Group 
 (with membership including, among others, one or more 
 representatives from each participating Arctic Council 
 working group, and the Lead Authors of the chapters) was 
 responsible for the completion of the assessment, reporting 
 directly to the AMAP Working Group and indirectly to all 
 other participating Arctic Council working groups. 


The product of this assessment is a fully-validated 
 scientific and technical assessment report (this report) 
 that provides the accessible and fully-referenced basis 
 for statements made in a related overview report. The 
 overview report Arctic Oil and Gas 2007 (AMAP, 2008) 
 was produced for a wider audience, presenting a concise 
 summary of the results of the assessment, including 
 recommendations addressed to Ministers and decision-
 makers. The content of the scientific report is the 
 responsibility of the Assessment Steering Group and the 
 lead authors and experts that have been involved in its 
 production (see Acknowledgements). The overview report 
 is prepared under the responsibility of the Arctic Council 


Working Groups that have been charged with the delivery 
 of the Assessment of Oil and Gas Activities in the Arctic.


This assessment has been subjected to both peer and 
 national review to ensure that it conforms to the highest 
 possible scientific and technical standards with respect to 
 the quality of the material presented.



1.2.4. Readers guide


This assessment is published in three volumes. Volume I 
 includes Chapters 2 and 3, providing much of the 
 background that sets the scene for the assessments in 
 other chapters. Volume II includes Chapters 4 and 5, the 
 assessments of ‘contamination’ resulting from oil and gas 
 activities in the Arctic, and the effects of exposure of the 
 environment, biota and humans to this contamination. 


Volume III presents Chapter 6, the assessment of the 
 status and vulnerability of Arctic ecosystems to oil and 
 gas development in the region. Chapters 1 (Introduction) 
 and 7 (Scientific Findings and Recommendations) of the 
 assessment are included in each volume.


A more detailed description of the content and 
 relationship between the different chapters of the 
 assessment is as follows:


Chapter 1, this chapter, sets the stage for the 
 assessment, describes its scope and the processes by which 
 it was accomplished.


Chapter 2 presents statistical and descriptive 
 information characterizing past and current Arctic oil and 
 gas activities, and activities that are likely to occur over 
 the period to 2015 to 2020. These data provide context for 
 assessing effects related to historic activities and provide 
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(14)a basis from which to project future levels of activity and 
 effects. In this assessment, the use of the word ‘activities’ 


is taken to mean leasing/licensing, seismic and drilling 
 exploration, production drilling and development 
 construction, continuing production operations, all facets 
 of transportation, and eventual decommissioning of 
 facilities. Chapter 2 also presents sections on resource 
 economic drivers for activities, past practices and current 
 best practices and technology, physical impacts and 
 disturbance, and sections on noise from oil and gas 
 activities, oil spill preparedness and response in the Arctic, 
 and monitoring and research programs in each country.


Although Chapter 2 does not include any ‘assessment’ 


of the regulatory framework for managing Arctic oil and 
 gas development, this issue is of critical importance for 
 sustainable and environmentally sound development of 
 Arctic oil and gas resources. It was therefore decided that 
 an overview of the existing legal-regulatory systems in the 
 different countries should be prepared for inclusion in this 
 assessment. A reasonably comprehensive referenced review 
 of the main laws and legislation and the implementing 
 regulations, agreements, and procedures for governing 
 oil and gas activities (including, for each country and 
 internationally, preparedness, prevention and response 
 issues and Occupational Health/Safety Regulations) is 
 therefore compiled as an Appendix to the assessment. 


Chapter 3 considers the socio-economic strand 
 to the assessment, including the social and economic 
 consequences of the oil and gas activities in the Arctic that 
 are described in Chapter 2. It evaluates historical data and 
 also projects forward as far as possible. It also includes a 
 consideration of the social and economic consequences of 
 environmental effects of pollution and physical impacts 
 and disturbances as examined in Chapters 5 and 6. The 
 intent of Chapter 3 is to provide a comprehensive and 
 balanced view of the positive and negative socio-economic 
 consequences associated with oil and gas development in 
 the Arctic. Chapter 3 includes a series of case studies and 
 mini-case studies that are intended to illustrate diverse 
 situations that exist in the Arctic countries, reflecting 
 different stages in the life cycle of oil and gas activities, 
 differences in political and economic systems, and 
 differences in types of development. Several of these case 
 studies focus on the impacts of oil and gas activities on 
 indigenous population groups in the different countries.


Chapter 4 addresses the pollution strand, identifying 
 sources of contaminant input, environmental 
 concentrations, and contaminant pathways and fates. The 
 information in Chapter 4 builds on information presented 
 in Chapter 2 concerning the petroleum industry, together 
 with available information on other contaminant sources. 


Chapter 4 also includes a first attempt to quantify a 
 petroleum hydrocarbon budget for the Arctic.


Chapter 5 continues the pollution strand, considering 
 biological effects at the organism level. The chapter 


comprises two main sections, concerned with effects on 
 terrestrial and aquatic biota, respectively. A third main part 
 of Chapter 5 addresses human health issues, updating and 
 expanding where relevant the information presented in 
 the AMAP Assessments on Human Health (AMAP, 1997, 
 1998c, 2003). The consideration of human health in this 
 assessment is limited to assessing implications of exposure 
 for health of general populations; occupational health 
 associated with the oil and gas industry is not addressed, 
 although information from occupational exposure is used 
 where relevant to gain possible insight into effects on 
 health of the general population. 


Chapter 6 considers vulnerability to, and 
 environmental impacts of oil and gas activities at the 
 levels of species, populations, habitats and ecosystems. 


The chapter provides brief descriptions of Arctic regional 
 terrestrial and freshwater ecosystems and Large Marine 
 Ecosystems (LMEs) in relation to potential impacts from 
 oil and gas activities. It gives examples of environmental 
 impact assessment and oil spill risk assessment procedures 
 used in several Arctic countries prior to permitting 
 exploration or development. The chapter then assesses 
 the vulnerability of species and populations of plants and 
 animals and of habitats to oil and gas activities, ultimately 
 providing an assessment of vulnerable sites and areas in 
 terrestrial, freshwater, and marine ecosystems. In general, 
 although based on an ecosystem approach, the discussion 
 in Chapter 6 is limited to the direct effects of oil and gas 
 activities, and does not consider potential indirect effects 
 that oil and gas activities may have on other activities 
 in the Arctic, such as commercial fishing or traditional 
 hunting in more localized areas.


Information on certain themes is split between several 
 chapters, to reflect the logical context for presentation of 
 information, for example, the strand on physical impacts 
 and disturbances starts with information on the physical 
 activities (construction work, land use, pipelines, roads, 
 noise etc.) responsible for these impacts/disturbances, 
 presented in Chapter 2, and then goes on to consider their 
 biological effects on organisms in Chapter 5. Consequences 
 for species, populations, habitats and ecosystems are then 
 examined in Chapter 6. Some topics are therefore covered 
 from different perspectives in different chapters, however, 
 section headings and cross-referencing between sections 
 should provide a clear indication of where information on 
 related strands can be found in the respective chapters.


Chapter 7, brings the various strands together to 
 provide an ‘overall assessment’ of the information 
 presented in Chapters 2 to 6, including a series of 
 conclusions and recommendations based on the science 
 as presented in the assessment. These recommendations 
 will be further considered by the Arctic Council Working 
 Groups, prior to their submission to the Arctic Council 
 Ministers for their consideration in developing a response 
 to the assessment.


Table 1.1. Lead countries for the assessment. 


Chapter Lead


Chapter 2: Oil and Gas Activities in the Arctic USA and Russia


Chapter 3: Social and Economic Effects of Oil and Gas Activities in the Arctic USA
 Chapter 4: Sources, Inputs and Concentrations of Petroleum Hydrocarbons, Polycyclic Aromatic 


Hydrocarbons, and Other Contaminants Related to Oil and Gas Activities in the Arctic Norway and Russia
 Chapter 5: Effects of Oil and Gas Activity on the Environment and Human Health Canada


Chapter 6: Status and Vulnerability of Arctic Ecosystems Norway
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Chapter 4



Sources, Inputs and Concentrations of Petroleum Hydrocarbons,  Polycyclic Aromatic Hydrocarbons, and other Contaminants  Related to Oil and Gas Activities in the Arctic



4.1. Introduction


This chapter describes the different types and categories 
 of petroleum hydrocarbons and polycyclic aromatic 
 hydrocarbons (PAHs) in the Arctic environment and 
 reviews available information on sources and inputs of 
 these and other chemical contaminants associated with 
 oil and gas activities. Daily operations of the oil and 
 gas industry in the Arctic result in inputs of petroleum 
 hydrocarbons and wastes containing many organic and 
 inorganic contaminants. Although some of these wastes can 
 be problematic on local scales, the emphasis of this chapter 
 is on petroleum hydrocarbons and PAHs because these 
 move through food chains and can spread over wide areas 
 as the result of oil spills. There are also inputs of petroleum 
 hydrocarbons and PAHs from the many small oil spills and 
 accidents, as well as from the general use of oil and gas in the 
 Arctic. This chapter describes these different anthropogenic 
 sources against the background of natural sources of these 
 contaminants.


As part of this assessment, a hydrocarbon budget for 
 the Arctic has been constructed in an attempt to gain a 
 better understanding of the relative importance of different 
 sources of inputs to the total petroleum hydrocarbon load in 


the Arctic. The environmental fate of oil spills is described, 
 together with the processes leading to the dispersion, removal 
 or burial of petroleum hydrocarbons and PAHs in the Arctic 
 environment. New data on petroleum hydrocarbons in the 
 Arctic that have become available since the previous AMAP 
 assessment on petroleum hydrocarbons (AMAP, 1998) are 
 also presented. The main results of the assessment are drawn 
 together in a series of conclusions at the end of the chapter.



4.2. General properties of petroleum  hydrocarbons, PAHs and chemicals  used by the oil and gas industry 4.2.1. Crude oil and refined products


Crude oils are complex mixtures of thousands of different 
 chemical compounds. Although hydrocarbons are the most 
 abundant compounds in crude oil, compounds including 
 nitrogen, sulphur and oxygen heterocycles and trace metals 
 are also present in minor and highly variable amounts. 


Consequently, the chemical and physical properties of 
 different crude oils can be very variable, which in turn 
 influences their environmental fate and effects. Some of 


Figure 4.1. Groups and structures of chemical components in crude oils (some examples).
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(18)the main groups of compounds in crude oils are shown in 
 Figure 4.1.


Categorisation of crude oils into paraffinic, waxy, 
 naphthenic, and asphalthenic types is commonly used to 
 compare different crude oils and their weathering behaviour. 


Some properties of these different types of crude oil are given 
 in Table 4.1 (with examples of chemical structures of some 
 compounds shown in Figure 4.1).


Crude oils are converted into a number of refined oil 
 products at oil refineries. The main products obtained by 
 distillation at atmospheric pressure are distillate fuels, such 
 as gasoline (petrol), kerosene (jet fuel), light gas oil (diesel 
 fuel for cars and trucks), and heavy gas oil (fuel for some 
 marine diesel engines in ships). The terms ‘atmospheric 
 residue’ or ‘long residue’ are used to describe the residue 
 from the crude oil that does not boil below 350 °C. ‘Heavier’ 


crude oils containing a high proportion of atmospheric 
 residue often go through additional processing. This usually 
 involves distillation under reduced pressure which allows 
 the less volatile oil components to boil at lower temperatures. 


Vacuum distillates include products such as vacuum gas oil 
 and some grades of lubricating oils.


The main products of oil refining are fuels. Refined 
 products can be divided into four broad categories: distillate 
 fuels, residual fuel oils, intermediate fuel oils, and other 
 refined oil products.


•   Distillate fuels: ‘light distillates’ such as naphtha and 
 gasoline (petrol), ‘middle distillates’ such as kerosene 
 (jet fuel), and diesel fuels and heavier gas oils. 


•   Residual fuel oils: the residues remaining after the 
 distillation of the lighter fuels and residues from other 
 conversion processes.


•  Intermediate fuel oils: grades of residual marine 
 bunker fuel oil that are produced by blending some 
 of the refinery distillates, or distillate fuels, into the 
 residual fuel oil.


•  Other refined oil products: solvents, petroleum coke, 
 lubricants, bitumen and wax.



4.2.2. Chemical composition of crude oil


Petroleum is a mixture of a wide range of hydrocarbons 
 such as alkanes, cycloalkanes, mono-, di- and polycyclic 
 aromatic compounds and other aromatic compounds with 
 molecular masses ranging from 16 for methane to around 
 10 000 for complex organic molecules. Some of the organic 
 compounds in oil also contain nitrogen, oxygen, and sulphur 
 as well as metals such as vanadium, nickel, iron, aluminium, 
 sodium, calcium, copper and uranium. Examples of oxygen 
 compounds in petroleum include phenols, carboxylic acids, 
 ketones, esters and ethers. The full range of individual 


chemical compounds in crude oil is not routinely analysed, 
 in part owing to the vast number of isomers of hydrocarbons 
 present. The chemical composition of crude oils from 
 different producing regions and even from within a particular 
 formation can vary widely (NAS, 1985). There can also be 
 large variation in the physical and chemical properties of 
 different crude oils.


4.2.2.1. Hydrocarbons


Hydrocarbons are a class of chemical compounds consisting 
 of the elements carbon and hydrogen. Owing to the ability 
 of carbon atoms to form chemical bonds among themselves 
 and with other elements, an almost limitless number of 
 different structures is possible. Characteristics of the sources 
 of petroleum determine, to a certain extent, the number 
 and type of related molecular structures that are found in 
 a particular crude oil. Fossil hydrocarbons, found in nature 
 as gas, oil, coal, or bituminous shales, span a very wide 
 range of molecular weights and structure types including 
 carbon chains of practically any length, branched chains, 
 cycloparaffins and cycloaromatics in various combinations. 


In contrast to the multitude of individual compounds in 
 fossil hydrocarbon mixtures, the abundance of hydrocarbon 
 compounds in recent biogenic hydrocarbons is more limited 
 owing to more specific pathways for their biosynthesis, or 
 conversion from food chain precursors.


Alkanes commonly found in oil are saturated hydrocarbons 
 with a general molecular formula of CnH2n+2. At room 
 temperature, normal alkanes from C5 to C16 are liquid and their 
 boiling points increase with molecular weight. Heptadecane, 
 the C17-alkane, is the first solid alkane at room temperature 
 (melting point 22 °C). Paraffin wax, which is produced from 
 the light fractions of crude oil, contains C18 to C35 alkanes. Gas 
 oil fractions of highly paraffinic oil may contain, depending on 
 the origin of the oil, up to 50% of normal paraffins. Naphthenic 
 and asphaltic crude oils can contain less than 1% of paraffins. 


Branched paraffins are also present in petroleum.


Isomers of cyclohexane, cyclopentane and 
 decahydronaphthalene are thermodynamically stable and are 
 commonly found in crude oil. Cycloparaffins, or cycloalkanes, 
 also called naphthenes are saturated hydrocarbons arranged 
 in ring structures, with the general formula CnH2n.


Alkenes, or olefins, are unsaturated hydrocarbons with 
 the formula CnH2n. Usually the amount of alkenes in oil is 
 negligible. However, a few samples of crude oil have been 
 shown to contain olefins (Speight, 1999). Similarly, acetylenes, 
 the hydrocarbons containing a triple bond, are, like olefins, 
 only rarely found in crude oil due to the high reactivity of 
 their unsaturated bonds.


All crude oils contain aromatic compounds in relatively 
 large proportions. Benzene and its alkylated homologues, 
 such as toluene and p-, m-, and o-xylenes, are commonly 
 Composition Density, kg/m3 Viscosity, cP at 40 °C Pour point, °C Wax content, wt % Evaporation
 Paraffinic  Rich in lighter       


n-alkanes 0.80–0.85  <11 ca. −10 to 6 <5 Medium to 


high


Waxy Rich in heavy 


paraffins (>C30) 0.85–0.90 approx. 10 to 100 ca. 6 to 30 >5 medium 


Naphthenic  Lacking n-alkanes, 


rich in naphthenes 0.86–0.95  approx 12 to 1100 <−10 <5 low to 


medium
 Asphalthenic Rich in asphalthenes 


(>0.4 wt %), resins 0.90–0.95  approx. 100 to 10000 <−10 <5 low 


Table 4.1. Properties of some important types of crude oil (Moldestad and Lewis, 2006).
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