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ABSTRACT

Abstract

Oil spill is a major source of pollution in Kuwait marine environment and oil
dispersants are used as a method to combat oil spill but the adverse effects of either oil
or dispersed oil is unknown to fish species local to Kuwait. Therefore, the toxicity of
water-accommodated fraction (WAF) of Kuwait crude oil (KCO) and chemically
enhanced water-accommodated fraction (CE-WAF) of KCO with three dispersants
(Corexit® 9500, Corexit® 9527 and Slickgone® NS) were investigated against selected
marine fish species local to Kuwait marine waters such as: sobaity-sea bream
(Sparidentex hasta), hamoor-orange-spotted grouper (Ephinephelus coicoides), meid-
mullet (Liza Klunzingeri), and shea’am-yellow-fin sea bream (Acanthopagrus latus).
Prior to exposure chemical characterization of KCO WAF and CE-WAFs was
conducted for benzene, toluene, ethylbenzene and xylene (BTEX), polycyclic aromatic
hydrocarbons (PAH), aliphatic and total petroleum hydrocarbons (TPH) compounds.
Standardization experiments regarding oil loading and mixing duration revealed that 1 g
KCO loading and 24 h mixing duration were the most appropriate experimental
conditions to obtain a reproducible and stable WAF and CE-WATF solutions. In general,
CE-WAF contained higher concentrations of TPH, PAHs and aliphatics compared to
KCO WAF.

Exposure to KCO WAF and CE-WAF had no adverse effects on hatching success of
embryonated eggs of sea bream and orange-spotted grouper exposed but larvae hatched
during exposure exhibited a toxic response. Considering larval sensitivity, pre-hatched
larvae of four marine fish species were separately exposed to KCO WAF and their
sensitivities from the most sensitive to the least sensitive were: sea bream > orange-
spotted grouper > yellow-fin sea bream > mullet pre-hatched larval stages. The
sensitivities of pre-hatched larvae of sea bream and orange-spotted grouper to WAF and
CE-WATF were of different degrees. For sea bream the LCsy values were around 0.120 g
oil/L for both WAF and CE-WAF indicating that dispersant didn’t increase oil toxicity,
whereas for orange-spotted grouper CE-WAF (LCsy 0.010 g oil/L) was more toxic than
WAF alone (LCsp 0.93 g/L). The data obtained in this study showed that most resistant
developmental stage of fish to the toxicity of WAF and CE-WAFs was the egg stage >
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larvae hatched during exposure > pre-hatched larvae. Exposure of pre-hatched larvae to
KCO WAF induced developmental abnormalities in spinal curvature of larvae and the
most prominent deformity types were lordosis, scoliosis and kyphosis compared to that
of control larvae were no abnormalities were observed.

Relating toxicity data obtained in the present experimental study to actual petroleum
hydrocarbon concentrations in Kuwait marine area, it was observed that current
contamination level with petroleum hydrocarbons is far less than the LCs, determined in
this study suggesting that there isn’t any acute hazard to either fish egg hatching or larva

survival.
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PREFACE

This thesis consists of six chapters. In the Chapter one, a general introduction to the
research topic is given. Chapter two, deals with in depth literature review and aims of
the study. Chapter three deals with chemical characterization of the test chemicals
analysis and consists of in depth literature review, materials and methods, results,
discussion and conclusion. Chapter four deals with toxicity testing of prepared
chemicals and exposure to local fish species and it consists of materials and methods,
results, discussion and conclusion. Chapter five includes a general discussion of
chapters three and four. Chapter six, the material, safety and data sheet of the three

dispersants used is highlighted. A summery description of each chapter is given here.

Chapter 1

This chapter deals with introductory overview of the behavior of crude oil and
dispersed oil in the marine environments and its adverse effect on aquatic

organisms.

Chapter 2

This chapter highlights a comprehensive literature review of toxicity of crude
oil and dispersed oil, oil dispersants history and laboratory exposure regime.

The aims of the present study are given in this chapter.

Chapter 3

This chapter deals with in depth literature review of previously used
methodology of water-accommodated fraction (WAF) and chemically
enhanced water-accommodated fraction (CE-WAF) of Kuwait crude oil
preparation. Factors which affect the overall consistency of the test medium are
thoroughly discussed. Several experiments were conducted to characterize
Kuwait crude oil WAF and CE-WATF solutions. Sections such as: materials and
methods, results, discussion, are included in this chapter and conclusion is

drawn in view of the obtained results.

Chapter 4

This chapter describes the previous exposure methods used in toxicity testing,

and it focuses on acute toxicity testing of crude oil and dispersed oil on selected
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test species local to Kuwait, LC50 determination, statistical analysis and
research constraints. In addition, it includes a result section which highlights all
various experiments conducted with four fish species after exposure to Kuwait
crude oil WAF and CE-WAF solutions. A thorough discussion of the obtained
results is included in this chapter and a conclusion in drawn in view of the

results.

Chapter 5

This chapter presents a general discussion of chemical characterization of
Kuwait crude oil WAF and CE-WATF, their acute toxicity on selected native

marine fish species f Kuwait, and conclusion.

Chapter 6

This chapter includes appendices for the safety, material and data sheet of the

three oil dispersants used in the study.
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Chapter One

INTRODUCTION

1.1 Introduction

In the 21st century the Arabian Gulf became increasingly one of the busiest
regions in the world for shipping; receiving globally the highest number of merchant
ships and oil tankers to load crude oil and other goods. Since the Arabian Gulf countries
hold approximately two-thirds of the world’s crude oil reserves, it produces about 25%
of the world’s oil; and 11% of that estimate (1.7 million bbl/d) is accounted for the State
of Kuwait. In 2002 only, the gross oil imports of the Arabian Gulf countries averaged
10.6 million barrels per day (bbl/d) and this estimate account for 27% of the total gross
oil imports for the Organization of Economic Co-Operation and Development (OECD)

(www.eia.doe.gov, 2001) (Figure 1-1).

1999 Net Oil Exports from the Persian Gulr
Million Barrels per Day (MMBD)

Iran

2.4

Total = 16.3 MMBD

Kuwait
1.8

Saudi Arabia
72

Irag
2.1

UAE Mote: Bahrain's net oil
2.0 Clatar 0.74 exports were 0.020 MMBD

Figure 1-1: 1999 Net oil exports from the Persian Gulf (from www.eia.doe.gov,
2000)

As long as crude oils, chemical substances and other related petroleum products
are transported across global regions by ships or pipelines there will a possibility of an
oil spillage with potential risk to cause environmental damage (Daling et al., 1990).
When transporting crude oil from the Arabian Gulf region, oil spill accidents are
common phenomena and the release of hazardous substances are likely to eventually

create substantial environmental damage and have serious consequences for the marine
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ecosystem. A spillage of approximately 182, 900 metric tons of oil per year into the
Arabian Gulf at the mid-1976 export rate was caused by tankers which carry crude oil.
A total of approximately 25,000 metric tons of crude oil is spilled per year into the
Arabian Gulf from various sources such as pipelines and off-shore drilling operations.
Moreover, an additional 16, 800 metric tons of crude oil enters the Arabian Gulf from
coastal refineries, natural seeps, and municipal and non-refining industrial wastes
(Hayes et al., 1977). There are numerous reasons for some of the large scale oil spills
that occur in the world's oceans and most importantly about 75% of these oil spills were
caused by ship collisions and groundings while approximately 8% were caused by oil

transfer operations (Figure 1-2).
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Figure 1-2: Major oil spills accidents in the world that occurred from 1967 to 1993
(from Pearce, 1993)

In 1991, the Arabian Gulf experienced an oil spill accident which was estimated
to be around 816,000 metric tonnes (t) in volume (Pearce, 1993; SOAFD, 1993; Wolf et

al., 1993). It is estimated that the Arabian Gulf region receives approximately around

©OKARAM 2



CHAPTER ONE INTRODUCTION

1.2 million barrels of crude oil which are yearly spilled by accident (GEO, 2000; Al-
Majed et al., 2000). And in a global scale, it’s been estimated that 1.3 million metric
tons of petroleum pollutants may be discharged into the world’s oceans on an annual
basis and the main sources of such pollutants can originate from both anthropogenic and
natural inputs (NRC, 2003). In the coastal areas of the Arabian Gulf there are 25 major
oil terminals which are continuously utilized to load crude oil. Since the geological
nature of Arabian Gulf is considered to be semi-closed in nature, the reliance of the Gulf
States on this water body for navigation, drinking-water production and seafood have
further exacerbated the risks of marine pollution and environmental stress; this applies
equally to the State of Kuwait as to other Gulf States. Kuwait is considered to be one of
the major oil-producing countries in the world and in this century, marine pollution
became one of the most significant environmental issues for Kuwait with oil input from
waste discharged estimated to be 26,905 t/year (UNEP, 1999). Petroleum pollutants can
be accumulated in the marine environment, such as along shorelines with the assistance
of various environmental parameters such as the wind, sea currents, and the transport
mechanisms. When the coastline becomes the destination of the traveling crude oil
pollutants, shoreline dwelling organisms in turn become subjected to toxic contaminants
exposures (Mueller et al., 1999) and (Mueller et al., 2003). Oil spills in the marine
environment pose a severe threat to aquatic organisms such as: fish, bivalves,
crustaceans, algae and other ecologically and commercially valuable marine resources
(CNEXO, 1981; Kocan et al., 1996; Marty et al., 1997; Lancaster et al., 1998). The
concentration of spilled oil in the shallow sub-tidal and inter-tidal areas will have long-
term damaging effects on the biological productivity and efficacy of the Arabian Gulf in
general; and on the State of Kuwait in particular. Since these distinct regions are
considered to be fundamental feeding and breeding grounds for diverse aquatic and

terrestrial species (Hayes et al., 1977).

1.2 Marine Pollutants

Pollutants are defined as substances which exist in quantities that induce
undesirable effects and are introduced into the natural environment as results of the
various activities performed by humans (Elliott, 2003). In the 21st century, global
shipping became one of the most prominent and essential methods of transportations in

the world. It moves approximately 80% of the world’s supplies and it’s significant to
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world trade (NRC, 1996). As well as the many advantages of shipping worldwide like
the transportation of commodities such as: crude oil, merchant goods, international
travel, etc., there are many disadvantages. Accidental oil spills, the release of organic
waste originating from cattle and humans in merchant ships and the introduction of

aquatic invasive species via transport ship ballast water (Tamburri et al., 2002).

1.3 Crude Oil and Oil Spills

Key sources of oil spillage at sea need to be considered and all fall under the
umbrella of marine transportations. Oil tankers, lighters, barges and off-shore operations
for the exploration and production of petroleum hydrocarbons can be effective sources
which can introduce oil to marine environment (NRC, 1989).

The amounts of oil involved in a spill is a key element in determining the extent
of the ecological damage to the aquatic habitats specifically the coastal regions that are
in close contact with the spilled oil. There are many significant factors which govern the
severity of an oil spill and the consequent fate of oil pollution. Those factors are: in situ
water quality parameters like (water depth, temperature and salinity), chemical
composition of oil and seasonal effects. The physical nature of marine habitat which
will be in contact with the dispersing oil droplets is also an essential factor that needs to
be considered. In addition, physical sea water factors such as: prevailing wind speed,
current direction and wave energy can be of a relative importance. Moreover, the
efficiency of oil spill contingency plan which involves the type and speed of the clean-
up process of an oil spill (Dipper, 1991).

Natural processes effectively act on crude oil products which have been spilled
offshore and ultimately these processes degrade and disperse these oil compounds.
These processes include the following: evaporation, dissolution, dispersion,
emulsification, sinking, photooxidation, and finally biodegradation. Among these
processes, that exerts the most prominent effect on the action of dispersion is
emulsification. Emulsification can be defined as the incorporation of water droplets into
oil (Figure 1-3).

Another factor that should be considered when combating an oil spillage is the
viscosity of oil. Viscosity of oil tends to be enhanced rapidly and dramatically with
introduction of weathering processes. Then, the more viscous oil tends to be the more

difficult it can be dispersed and eliminated; which is why an immediate response should
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be applied within the first few hours to combat the spillage. With time, oil slick areas
will have the tendency to spread out in a linear fashion and the area affected will be

increased by the action of current shear even more rapidly (NRC, 1989).
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Figure 1-3: The process of oil dissolution in the marine environment in the case of

oil spill incident (from Daling et al., 1990)

1.4 Crude Oil

Crude oil, which gives rise to most oil spills, is composed of a mixture of a
hundreds of different compounds. Crude oils are considered to be naturally occurring
substances which are derived from the decomposition processes of organic matter such
as dead animals and plants with the aid of environmental factors like pressure and high
temperature over thousands of years. In many areas, crude oil has migrated considerable
distances and accumulated in porous rock formations. Those formations were overlaid
by impermeable rock formations which acted as a barrier (petroleum trap) to prevent
further movement of crude oil. Crude oils consist of a complex mixture of several
compounds which serve as the ‘backbone’ of any crude oil type in the world. Such
compounds can be a combination of hydrocarbons like: parrafins (30%, range 15-60%),

naphthalenes (19%, range 30-60%), aromatics (15%, range 3-30%) and asphalitics (6%)
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(Hyne, 2001). Also, which consists of straight and branched chain alkanes aromatic
cycloalkanes, aliphatic and alicyclic hydrocarbons covering the carbon range from C1 to
C60. In addition, crude oil consists of other compounds like: oxygen, sulfur and
nitrogen and dissolved gases like hydrogen sulfur (CONCAWE, 2001) and various
metals such as: nickel, vanadium, iron, zinc, and copper (Tissot and Welte, 1984).
Crude oil types differ widely in terms of appearance, ranging from thin light
crude oil (which consists primarily of gasoline-quality stock) to heavy thick materials
which resemble tar in appearance (Table 1-1). Depending on the oil producing region,
the chemical composition of crude oil can vary enormously, even from within a
particular geological formation. More than 98% of the compounds present in petroleum
oil are hydrocarbons (NRC, 1985). An average crude oil consists of 0.1% salts and
minerals, 1.0% oxygen, 1.0% nitrogen, 1-3% sulfur, 14%hydrogen, and 84% carbon.
Crude oils have a complex composition with unique chemical and physical properties
which vary from one type to another. Crude oils from different oil producing regions
possess different compositional properties such as: partition coefficient, melting point,
water solubility characteristics, vapor pressure and boiling point. On the other hand,
despite those variations in crude oil characteristics between the various oil producing
regions, there are some general characteristics relating to the environmental behavior of
crude oil according to surrounding environmental conditions (Head et al., 2003). As an
example of crude oil type from a certain oil producing region such as Kuwait, where it
is considered as one of the major oil exporting countries in the world, the crude oil
which is exported (called Kuwait crude oil, export) is a mixture of several oils which are
produced from various oil fields. The mixed oil composition depends on several factors
such as: 1) refining process requirements, 2) availability of the different crude oils, and
3) consumer specification and other related economical factors (Saeed et al., 2000).
The chemical compositional changes which occur to crude oil when there is an oil
spillage at sea have been comprehensively studied and reviewed (see for example,
Dean, 1968; Smith, 1972; Nounou, 1980; Robotham and Gill, 1989). Instantly after the
release of crude oil into the sea, a series of environmental factors (both biotic and
abiotic) start to affect the physical and chemical composition of the crude oil.
Partitioning of crude oil components into several environmental compartments will
occur. Three distinctive environmental compartments will be generated which are: 1)
Lower molecular weight components, 2) Intermediate fractions, and 3) viscous and
heavy components. The lower molecular weight fractions may become volatile in the

atmosphere or dissolve in the sea water and disappear rapidly within 2 days; while the
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second type, the intermediate components, may spread out and float on the sea where
they may become adsorbed to marine sediments or they may form emulsions. Finally,
the third type which is the heavy viscous components may agglomerate and solidify and
either float or sink in the sea water which ultimately can be adsorbed to the sediments or
soil. They also can remain in the water column for longer periods such as up to 9 days
(Yamada et al., 2003). What classify crude oil as light or heavy crude oil is its heavy
crude oil because its density and specific gravity is higher than that of light crude oil. In
other words, light crude have specific gravity (> 31.1 °API), medium crude oil (between
22.3 °API and 31.1 °API), and heavy crude oil (< 10.0

°API)(www.dnr.louisinana.gov, 1989; Desseault, 2001).
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Table 1-1: Several crude oil compositions

Parrafins Naphthelenes Aromatics Sulfur API
Crude

Source % % %0 %0 Gravity

u Volume  Volume Volume Volume (°API)
Light Crude Oils
Saudi Light 63 18 19 2.0 34
south 79 45 19 0.0 35
Louisiana
Beryl 47 34 19 0.4 37
NorthSea 5 34 16 0.4 37
Brent
Nigerian Light - - - - -
LostHills  Non- Aromatics 50% 50 09 -
Light
USA Mid
Continent - - - 04 40
Sweet
Mid Range Crude Oils
Venezuela
Light 52 34 14 1.5 30
Kuwait 63 20 24 2.4 31
USAWest ¢ 32 22 1.9 32
Texas Sour

Heavy Crude Oils

Prudhoe Bay 27 36 28 0.9 28
Saudi Heavy 60 20 15 2.1 28
Venezuela 55 53 12 23 24
Heavy
Belridge Non-Aromatics 37% 63 1.1 -
Heavy

(From IARC, 1989; Mobil, 1997; OSHA, 1993)

In the Arabian Gulf several factors affects the dispersal of crude oil on th