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Abstract

Petroleum spills and other sources of hydrocarbons contamination represent risks for society. Regardless of whether
oil is stranded on a shoreline, spilled from a pipeline, or leaked from underground storage tanks, the same physical
and chemical properties characterize exposure level of contaminants. Many microorganisms have evolved the ability
to feed on naturally occurring petroleum hydrocarbons, which they use as sources of carbon and energy to make new
microbial cells. Bacterial population indigenous to marine ecosystems can attack most of the tens and thousands of
chemical compounds that make up crude oil. Different bacterial species rather than any single species act together to
break hydrocarbons into carbon dioxide, water, and inactive residues. Even toxic oil residues, including highly toxic
hydrocarbon polycyclic aromatic hydrocarbons (PAH), can be detoxified. Microorganisms do not accumulate
hydrocarbons as they consume and degrade them, so they are not conduit for transferring hydrocarbons into the food
web. In fact, microorganisms grown on hydrocarbons can be a potential source of protein for animals and human

food. In this study, the purpose is to show factors affecting persistence and environmental risk.
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1. Introduction

Scientists studied the relationship between shoreline type, oil penetration, persistence and long term monitoring at a

sites of major spills before 1989 [1-5]. Physical process and geomorphological features of the shoreline contributed

to oil sequestration and long-term persistence [5]. Physical and (bio) chemical processes were used to remove
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persistence oil residues. A significant laboratory observation was made in the late 1989 to early 1990, it was
observed that oil residues were transformed somehow in a manner that enhanced their removal from shorelines even
with only gentle water movements. Laboratory tests of bioremediation in column packed with oil sediments from
PWS showed that the physical appearance of oil residue immersed in seawater changed and much of the residue
ceased to stick to sediments [6]. After being immerse in seawater within few hours, oil on sediment appear no longer
to adhere to sediments but instead to exists as loosely aggregate, fuzzy droplets typical of a flocculated emulsion.
Example found when oil residue could be washed from hands and boots with cold water instead of kerosene or other
cleaners. These flocs or slightly buoyant droplets tended to concentrate at the upper interstitial contact points in

pores. The oil again appeared as black and sticky when water was drained at low tide. Closer examination revealed

that the modified oil had been transformed into a water external emulsion (Figure 1).

— &

Figure 1: Major processes affecting the fate of oil on shorelines.

A drop of oil actually consisted of thousands of loosely flocculated, individual micron-sized oil droplets, and the oil
in water emulsion was stabilized by fine minerals particles. Analyses by electron microscope and X-ray diffraction
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showed that the mineral fines where mostly 1um or less in size and consisted of clays, quartz, and feldspar.
Microbial oil degradation increased the concentrations of polar compounds in the residual oil, thereby helping the
formation of mineral particles-oil flocs [6]. Most of the flocs exhibited almost neutral buoyancy since they contained

60%-80% water by volume.

2. Fate of Oil on Shorelines

The amount and form of shoreline oil change during weathering, as more volatile components evaporate and less
volatile residues on shore dissolve, disperse, biodegrade, and photo-oxidize [7]. Oil weathering begins with the rapid
evaporation or dissolution of more volatile and water-soluble components, particularly from the slicks on the water
surface. Biodegradation is slower, first affecting the linear alkanes and then branched alkanes. For polycyclic
aromatic hydrocarbons (PAH), biodegradable deceases with increasing ring numbers and degrees of alkylation,
causing the absolute concentrations of all PAH to decease during weathering. Because weathering caused a net
decrease in the concentration of both the total and the most toxic PAH, The toxicity of oil decreases as it weathers.
This was confirmed by the decreasing toxicity of intertidal sediments from spill sites in Prince William Sound [8]
between 1990 and 1993.

3. Mineral Particle Oil Flocculation and Biodegradable

A significant laboratory observation was made in the late 1989 to early 1990; it was observed that oil residues were
transformed somehow in a manner that enhanced their removal from shorelines even with only gentle water
movements. Laboratory tests of bioremediation in column packed with oil sediments from PWS showed that the
physical appearance of oil residue immersed in seawater changed and much of the residue ceased to stick to
sediments [6]. After being immerse in seawater within few hours, oil on sediment appear no longer to adhere to
sediments but instead to exists as loosely aggregate, fuzzy droplets typical of a flocculated emulsion. Example found
when oil residue could be washed from hands and boots with cold water instead of kerosene or other cleaners. These
flocs or slightly buoyant droplets tended to concentrate at the upper interstitial contact points in pores. The oil again
appeared as black and sticky when water was drained at low tide. Closer examination revealed that the modified oil
had been transformed into a water external emulsion (Figure 1). A drop of oil actually consisted of thousands of
loosely flocculated, individual micron-sized oil droplets, and the oil in water emulsion was stabilized by fine
minerals particles. Analyses by electron microscope and X-ray diffraction showed that the mineral fines where
mostly 1um or less in size and consisted of clays, quartz, and feldspar. Microbial oil degradation increased the
concentrations of polar compounds in the residual oil, thereby helping the formation of mineral particles-oil flocs

[6]. Most of the flocs exhibited almost neutral buoyancy since they contained 60%-80% water by volume.

4. To determine the Impact, Effect, and Injury of Oil Mitigation
To determine whether oil has a long term or short term environmental consequences requires clear, operational
definitions of terms. Impact, effect and injure are the main examples that conjure different images and can influence

how hypotheses are framed. Impact, effect, and injury have been used to describe the consequences of an oil spill.
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Impact is the physical contact between spilled and the environment, as when oil is deposited on the water, shoreline
or organisms which is the first stage leading to consequences of the spill. The consequences on the field are known
as the effects of the spill. For there to be effects on biological resources there must be a pathway either direct or
indirect. Direct pathway may be the exposure of organisms to the oil while indirect is through disruption of the
abundance or availability of prey for forages resulting from the spill. Computer models rather than field studies of
biological effect are used as part of the natural resource damage assessment (NRDA) process to determine indirect
effect. As defined by the Environmental response, Compensation, and Liability Act (CERCLA) and the NRDR
regulations effects may be positive, negative, or neutral (no effects), the focus is on negative effects (injuries) rather
than positive effects. Injury means a measurable adverse change, either long or short term, in the chemical or
physical quality or the viability of a natural resource resulting either directly or indirectly from exposure to
discharge oil or release of a hazardous substance. For an injury to be caused by an oil spill there must be a direct
exposure pathway, a measurable effects on organisms, populations, or ecosystems; and these effects must meet or

exceed some threshold of what is considered harmful.

Figure 2: Sequences between the release of oil into the environment and potential consequences and recovery. To

illustrate how terms impact, injury and recovery are used.

5. Assessing Ecological Recovery

Assessing ecological recovery from oil or chemical spill is complicated by the lack of steady-state endpoints that
results because of succession and because of other changes that may occur in the ecosystem over time and space that
are cause by other anthropogenic and natural stressors. Many studies of the restoration and recovery across a broad
diversity of ecosystem and stressor types illustrate this point, including: the restoration of the Everglades [9], and
upper Mississippi River [10]; re-establishment of threatened/endangered species [11] and recovery from catastrophic
natural events, such as Hurricane Andrew [12-13] and the eruption of Mount St, Helens [14-15]. Lessons from these
examples are (1). The need to focus recovery assessments on carefully selected VECs (valued ecosystem
components) that capture the diversity of the ecosystems. (2). The importance of understanding the complexities of

ecological stress-response relationships; and (3). The central roles of spatial, temporal variability, cumulative stress
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and multiple stressors on ecosystem recovery, for each factor can confound the determination of the ecosystem
recovery. Natural variability across time is also important. For example, the large interannual variability in
populations of many PWS species, such as fish storage, is driven by variability in dominant climatic and
oceanographic factors controlling the ecosystem. This also determining the baseline conditions very difficult and
greatly affects the ability to detect ecologically significant effects and established goals for recovery. This issue
becomes more problematic over time as uncertainty of natural variability remains unabated while the signal of the
effects remains of the spill continuously diminishes. Eventually the point is reached where any residual effects from

the oil spill are lost in the noise of natural variability, and risks can no longer be attributed to the spill.

6. Importance of Environmental Risk Assessments

The integrated environmental assessments process has particular utility and value because it is comprehensive,
robust, systematic, risk-based, transparent, and based on sound ecosystem science. The integrated environmental
risk assessments framework can identify what is at risk, define how risks should be characterized and quantified, and
suggest how information should be interpreted and used in decision making in the presence of uncertainty. Problem
formulation constitutes the essential first step in an integrated assessment, in which the nature and scope of the
problem are defined, questions regarding what is at risk are articulated, essential data are identified, research is
initiated, and science based plans are laid for remediation, assessments, recovery, and restoration. Early applications
of problem formulation and development of an initial conceptual ecosystem model incorporating appropriate VECs
to guide the assessments process could have prevented later misperceptions that residual effects attribute to the oil
spill continued to affect PWS natural resources, even when the stressors of concern had long since return to
background levels. The individual based models developed a comprehensive understanding of the risk regime
following a disturbance were effective tools are used to evaluate risk hypothesis and insights on attributed risk.
Qualitative conceptual ecosystem models provide a systematic, weight of evidence methodology that applies
objective criteria to compare natural and anthropogenic stressors and assign relative risks in a multi stressor
environment. Quantitative models can be used to reach definitive conclusion on risks, ecological significance,
recovery, and uncertainties. Variability across space and time makes determining baseline conditions very difficult
and greatly affects the ability to detect ecological significant effects and established goals for recovery. This issue
only becomes more problematic over time as natural variability remains unabated while the remnant exposures and
associated effects of the spill continue to diminish. Eventually the point is reached where the risks from the oil spill

are lost in the noise of the variability of natural processes, and the ecological risk can no longer be attributed to spill.

7. Conclusion

Remediation of hydrocarbons sites often includes complex processes that incorporate geological heterogeneities,
multiphase flow, and biological and chemical processes. Scientists are studying the basic methodology that applies
to different characteristics hydrocarbons spill sites, although each site will have unique characteristics and risks.
Critical questions and important measurements to answer these questions can be identified according to site-specific

needs. Conceptualization methods, however, are adaptable and can be applied to many problems regarding of scale,
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and they can be updated. Risk assessment frameworks have been developed to specifically to determine the human

health risks from chemical exposure. Assessing ecological risks however are subject to multiple natural and

anthropogenic stressors, each potential causing many different effects on many different ecological attributes.
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