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Same Location in 1992 - Clean

Heavy Oiling on NW Green |Is. 1989
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Table 1. Hazardous Chemicals and Their Effects

Hazardous Chemicals

Adverse Health Effects

Benzene (crude oils high in BTEX, benzene, toluene, ethylbenzens, and
wylene)

Irritation to eyes, skin, and respiratory system; dizziness; rapid heart rate;
headaches; tremars; confusion; UNCoNsCioUSNESS; anemia; cancer

Benzol@ipyrens (a polyeyclic aromatic hydrocarbon reproductive
[see below], farmed when oil or gasoline burns)

Irritation to eyes and skin, cancer, possible effects

Carbon dioxide (inerting atmosphere, byproduct of combustion)

Dizziness, headaches, elevated blood pressure, rapid heart rate, loss of
consciousness asphyxiation, coma

Carbon monoxide (byproduct of combustion) Iritation to eyves, skin, and
respiratory

Dizziness, confusion, headaches, nausea, weakness, loss of
consciousness, asphyxiation, coma

Ethyl benzenes (high in gasaline)

Irritation to eyes, skin, and respiratory system; 085 of consciolsSness;
asphyxiation; nervous system effects

Hydrogen sulfide (oils high in sulfur, decaying plants and animals)

Irritation to eyes, skin, and respiratory system; dizziness; drowsiness;
cough; headaches; nervous system effects

Methyl tert-butyl ether (MTBE) (octane booster and clean air additive for
gasoline, or pure MTEE)

Irritation to eyes, skin, and respiratory system; headaches; nausea,
dizziness; confusion; fatigue; weakness; nervous system, liver, and kidney

Polyeyclic aromatic hydrocarbons (PAHs) (occur in crude oil, and formed
during burning of oil)

Irritation to eyes and skin, cancer, possible reproductive effects, immune
system effects

Sulfuric acid (byproduct of combustion of sour petroleum product)

Irritation to eyes, skin, teeth, and upper respiratory system; severe tissue
burns; cancer

Toluene (high BTEX crude oils)

Irritation to eyes, skin, respiratory system; fatigue; confusion; dizziness;
headaches; memaory [055; Nnausea; nervous system, liver, and Kidney
effects

Xylenes (high BTEX crude oils)

Irritation to eyes, skin, respiratory system; dizziness; confusion; change in
sense of balance; nervous system gastrointestinal system, liver, kidney,
and blood effects
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950 13%

2%

3% 43%

B Operative discharges from ships
O Accidents on ships
O Accidents on platforms

B Operative discharges into rivers
B Natural sources

Figure 3.1: percentages of the possibles sources of oil pollution

e Natural sources
« Sea-based sources
« | and-based sources
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the main categories of sources contribute to the total input as
follows:

natural seeps: 46 %

discharges from consumption of oils éoperational discharges from
ships and discharges from land-based sources): 37%

accidental spills from ships; 12%
extraction of oil: 3%

The Australian Petroleum Production and Exploration Association
(APPEA) claims the following distribution of the inputs from
different sources:

Ié,?g}d-based sources (urban runoff and discharges from industry):
Natural seeps: 7%

The oil industry - tanker accidents and offshore oil extraction: 14%
Operational discharges from ships not within the oil industry: 33%
Airborne hydrocarbons: 9%

Natural seeps: 11%


http://oils.gpa.unep.org/facts/sources.htm�
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Table 1. Estimates of the quantities of oil annually entering the marine environment (millions oftonnes)

Year of the estimate/publication

971975 LO8 /1985 1990/1990 1992/1993

Natural sources 1l 0.25 na 025
Onl exploration na 0.05 na 0.05
Shipping

Discharge of bilge and fuel oll plus operational losses from oil tankers 1.08 1.02 041 041

Tanker-accidents 0.20 041 0.11 0.11

Aceidents with other types of ships 0.10 0.01 0.01

Other (ports, shipyvards, scrapping, etc.) 0.75 0.07 0.04 0.04
Atmospheric deposition na 0.30 na 0.30
Land-hased soumees na 118 na 1.18
Total amount per vear .28 2.35

Note: na = not available.

Sorrees: National Research Council (1991), Tanker Spills, Prevention by Design (National Academy Press, Washington, DC); GESAMP (1993 ), Impact of Ol and Related
Chemicals and Wastes on the Marine Emvironment(IMO), London).
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Mortality or long term impacts on sea birds, marine mammals and other
sea life can be due to the smothering and physical contamination or due

to the toxicity of the chemical components of the oil.

Physical damage or permanent loss of foreshore and marine habitats,
several wetlands are distributed along the Argentinean coast, and

constitute environments particularly sensitive to oil pollution.
Impacts on the health, viability and diversity of coastal ecosystems,
Smothering of, and damage to, intertidal biota and vegetation,

Contamination of coastal infrastructure and amenities leading to

impacts on tourism and other recreational activities,

Economic loss at both the regional and national level,
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Figure 3.2: main processes causing oil weathering
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2.1.1 Spreading

As soon as crude oil 1s spilled onto the surface of the sea it will normally spread out rapidly to form a
thin laver, or slick, of oil and this will drift under the influence of wind and currents.

The general appearance of a surface slick of o1l is of two distinct arcas;

e arelatively small area of thick oil, containing the majority of the o1l volume (especially if the oil has
formed a stable water-n-o1l emulsion,
* amuch larger area of very thin oil, or sheen, trailing behind the thick area.

The arca of thicker o1l 1s always downwind of the sheen as the thick o1l 1s more mfluenced by the
wind than the sheen Sheen 1s created by temporary natural dispersion of o1l and is formed as the
larger droplets of o1l re-surface some distance away from the main body of the slick. The temporarily
dispersed oil droplets are transported by the current while they are submerged.

The o1l slick will drift at a rate equal to the vector addition of the surface currents and approximately

3% of wind speed.
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21.2 Evaporation

Evaporation 1s the primary cause of rapid volume reduction of spilled oil. The loss of “light ends™ by
evaporation causes an increase in the viscosity and density of the oil residue that remains.
Evaporative loss can also cause more subtle changes in the o1l properties such as the precipitation of
wax and asphaltenes that will alter the flow properties of the residue and help to stabilise water-in-oil
emulsions.

2.1.3 Dissolution

The vast majority of crude oil components are not soluble in water to any appreciable degree.
However, some of the lower molecular weight aromatic components (the so-called “BTEX™
compounds - benzene, toluene, ethylbenzene and xylenes, plus some of the lower molecular weight
alkanes) are water-soluble to a mited extent and will dissolve out of the oil into the water column.
The volume loss of spilled o1l by dissolution is neghgible for any practical purposes. but the
environmental consequences of dissolution can be significant. Although the concentration of these
compounds in water will rapidly be diluted to very low levels, they can exert a toxic effect on marine
Organisims.
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2.1.4 Water-in-oil emulsification

Water-m-oil emulsification is the incorporation of small water droplets into the spilled oil.
Emulsification 1s the major process that causes spilled o1l to be persistent on the sea surface.
Emulsification causes an increase in the volume of the oil, typically by a factor of three or four
compared to that of the original oil and this more than offsets the volume reduction caused by the

AEAT In Confidence AEA Technology 4

AEAT In Confidence Cil Spill Madelling for Tanker accidents in
AEAT/ENV/R/0939 Issue 1 Iskenderun Bay, Turkey

evaporative loss of the “light ends’. The viscosity of emulsified crude o1l 1s much greater, up to

several orders of magnitude than that ot the original o1l and of the residue left after evaporative loss of
‘light ends’. Emulsions formed rapidly after the o1l 1s spilled can be unstable and amenable to
treatment by dispersants, but eventually, extremely high viscosity ‘chocolate mousse” may be formed
by some oils.
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2.1.5 Natural Dispersion

Natural dispersion 1s the conversion by wave action of some small proportion of the spilled oil into
droplets that are small enough to be retained in the water column by the turbulence of the sea. The
rate of natural dispersion is determined by sea state - breaking waves are needed for a significant
rate of natural dispersion - and is resisted by the viscosity of the oil. In the imitial stages of weathering
the rate of natural dispersion can be relatively high. but the viscosity increase caused by evaporation
and emulsification rapidly reduces the rate of natural dispersion to almost zero under typical

conditions.
2.1.6 Photo-oxidation

Crude oils are generally dark-coloured and can absorb UV (ultra-violet) radiation from the sun. In
somge oils, in very sunny conditions, this can cause significant changes in the chemical composition
and this can affect emulsification properties.

2.1.7 Sedimentation

[t there 1s a sufficient amount of suspended sediment in the water column, tvpically in shallow water
with a silt sea bed or in deeper water in very rough conditions (such as occurred at the Braer
incident), the o1l droplets that have been created by natural dispersion may adhere to the sediment
and eventually sink to the sea bed. This process 1s not expected to be of significance to the present

dssessment.
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2.1.8 Biodegradation

The ultimate fate of the majority of crude o1l components in dispersed oil 1s to be biodegraded by
naturally occurring micro-organisms. These micro-organisms exist in low concentrations and

biodegrade naturally occurring oils in the sea that are liberated when marine flora and fauna die and
decompose.
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Methods of 0il Spill Cleanup

The first step in oil spill cleanup is typically containment by booms made of 10gs
or linked plastic floats. Skimmaers, or special boats that recover oil using
conveyor belts or vacuum hoses are then used to scoop up the confined floating
oil. In some cases, absorbent material, known as sorbents, are used to make it
easier to collect the oil. Examples might include natural materials such ag straw,
or sorbent pads made of some abgorbent but floatable material like
polypropylene. In some cases, burning of the surface oil is carried out, but this in
itself is hazardous and has obvious environmental consequences. Oil dispersant

chemicalg, which are similar to detergents, are sometimes sprayed on oil spills to
help break them up and digperge them, but these chemicals present
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environmental hazards of their own. Bioremediation, involving the introduction
of natural or genetically-engineered oil-eating bacteria, has been shown to be
partially effective in reducing quantities of spilled oil, but is tricky to use, and has
not yet been proven to be completely risk-free in the marine environment.
Finally, when oil fouls beach or rocky shoreline areag, cleanup methods employed
in the past have included high pressure water or steam sprays. While this
method definitely improves the appearance of the shoreline, biclogical studies
have shown that in most caseg it doeg more harm than good, and sometimes
effectively sterilizes the environment, Killing everything that the oil didn’t.

All oil spill cleanup methods are only partially successful, and in many cases
research has found that the cleanup may actually make the environmental
damage worse than it would have been if the spill had been left alone. Oil in the
marine environment is toxic and ugly, but it is ultimately biodegradable, and
nature will, over many years or decades, eventually repair itself if left alone. The
cheapest and most effective oil spill treatment is to PREVENT them from
happening in the first place.
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Table I—Major Genera of Oil-Degrading Bacteria

and Fungi
Racreria Fungi
Achrornocbacter Allescheria
Acinetobacter Aspergillus
Actinomyces Aurecbasidium
Aesromonas Botrytis
Alcaligenes Candida
Arthrobacter Cephalosporium
Bacillus Cladosporium
Beneckea Cunninghamella
Brevebacterium Debaromyces
Coryneforms Fusarium
Erwinia Gonytrichum
Flavobacterium Hansenula
Klebsialla Helminthosporium
Lactobaoillus Mucaor
Leumthrix Qidicdendrum
Moraxella FPascylomyces
Nocardia Phialophora
Peptococcus Penicillium
Pseudomonas Rhodosporidium
Sarcina Rhodotorula
Spherotilus Saccharomyces
Spirillum Saccharomycopisis
Streptomyces Scopulariopsis
Vibrio Sporobolomyces

Xanthomyces

Torulopsis
Trichoderma
Trichosporon

SOURCE: G.0. Floodgate, “The Fate of Patroleum in Marine Ecosystams,”
Patrofauwmn Microbiclogy., R.M. Atlas (ad.) (New York, NY:

Macmillan Puklishing Co., 1984), p. 373.
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Training Marine Oil Spill Response Workers
Under OSHA’s Hazardous Waste Operations
and Emergency Response Standard

.5, Department of Labor
Ccoupational Safety and Health Administration

O5HA 2172
2001




www.iehe.ir

Natural sources * Sea-based sources ® Land-based sources How
does petroleum (oil products) become a pollutant in the coastal
and marine environment?

Accidental or deliberate, operational discharges and spills of oil
from ships, especially tankers, offshore platforms and pipelines, is
the most obvious and visible cause of oil pollution of tﬁe marine
environment. As summarized by NOAA: "The kind of oil spill we
usually think about is the accidental or intentional release of
petroleum products into the environment as result of human
activity (drillin%, manufacturir:f, storing, transporting, waste
management). Examples would be things like well blowouts,
pipeline breaks, ship collisions or groundings, overfilling of gas
tanks and bilge pumping from ships, leaking underground
storage tanks, and oil-contaminated water runoff from streets and
parking lots during rain storms".

However, oils enter the ocean from a variety of sources, and both
natural sources (large quantities) and land-based sources account
for a large part of the total annual input of oil to the marine
environment.

.
Y U P P D P I B P I T | BN T | L |
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Offshore production discharges: 2%

Atmospheric fallout: 13%

Natural seeps: 11%

In a report published in 1980, the total input of oil to the ocean was estimated at 3,2 million tonnes. Half of that amount (1.5 million
tonnes) was estimated to come from vessels (about 1.2 million tonnes of which from operational, deliberate discharges). The source
"discarded lubricants" (from both sea-based and land-based sources?) was estimated to account for about 1.3 million tonnes. As

pointed out in a recent comment to these figures, "oil pollution from ships probably reached its peak in 1979. Des;ii/}e the publicity
that oil spills always attract, even in 1979 only a small fraction of the oil entering the sea came from tanker accidents. Most came from

routine operations, and discarded lubricants - such as engine oil poured into drains - accounted for a much higher percentage of the
total. Since 1979, the amount of sea getting into the sea as a result of shipping operations has declined dramatically."
SOURCES
Sources of oil input to the marine environment are often divided into natural, sea-based and land-based sources. In the NRC report,
the perspective of "following the oil" is used, with four main categories of sources: discharges through natural seeps, discharges
during the extraction of oil, discharges during the transportation of oil, and discharges during the consumption of oil (including both
sea-based and land-based sources%. There are also other ways of placing accidental or operational/ deliberate discharges of oils into
different main categories.
NATURAL ¢ Natural seeps
SEA-BASED ¢ [Operational discharges] ® [Accidental discharges] ¢ [Air pollution]
Accidental oil spills from tankers; other commercial vessels; grounded and abandoned vessels; oil platforms (blowouts); pipelines.
Deliberate, operational discharges of oil from all kinds of commercial vessels (ship- or cargo-related discharges);oil platforms;
pipelines.
Emissions of nmVOCs and PAHs from tankers and pleasure craft, and from oil extraction.
Other ship-related activities (dry docking, scrapping).
Other activities (dumping of oily waste, etc.)

LAND-BASED
Discharges of untreated or insufficiently treated municipal sewage and storm water (urban runoff).

Discharges with rivers.
Discharges of untreated or insufficiently treated waste water from coastal industries.
Accidental or operational discharges of oil from coastal refineries, oil storage facilities, oil terminals, and reception facilities.

Emissions of gaseous hydrocarbons from oil-handling onshore facilities (terminals, refineries, filling stations) and from vehicles
exhausts (traffic).
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B Matural sources

Figure 3.1: percentages of the possibles sources of oil pollution




Tale% Nuinber of reported spills in specific sea areas

(approximate figures)

Adlantic Ocean (European waters) | 20)
Baltic Sea 25
Naorth Sea and Channel 290)
Mediterranean Sea { European, Asian, and Adncan waters) 300
Adlantic Ocean (Canadian and US walers) | 210)
Gull of Mexico 20
Pacttic Ocean{ Canadian and USA waters) Al
Pacific Ooean (Japanese waters), Sea of Japan, and East China Sea | 40)
South China Sea 20
Waters of the southern henusphere (Atlantic, Indian, Pacific Oceans) 40

Sovwce: Gerard Peet (1992 ), Operational Discharges from Ships: An Evabiation of
the Application of the Discharge Provisions of the MARPOL Convention by ifs
Contraciinge Paties ( AIDEnvironment, Amsterdam).
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http://www.enn.com/news/wire-stories/2001/03/03312001/ap_spill_42834.asp�
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Fig. 40 A model of the chain regetion of hahbitat
and biological damage due to the 1986 oil spill
at Bahis [.as Minas.
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