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[bookmark: Abs1]Abstract
The second Gulf War (1991) led to the largest oil spill in human history. Over 770 km of coastline from southern Kuwait to Abu Ali Island (Saudi Arabia) were smothered with oil and tar, erasing most of the local plant and animal communities. Salt marshes were most severely hit of the different coastal ecosystem types along the Saudi Arabian coast and are far from being completely restored fifteen years later. Continuous monitoring from 1996 until 2006 by the author as well as Höpner, Jones, Weishar (2008, all this volume) and several others in the period before (Krupp et al. 1996), revealed the dominant processes of natural regeneration which are characterized by different types of indicators. These are 1) the composition of hydrocarbon compounds remaining in the soil, 2) the hardness of the soil surface, 3) microclimate 4) the abundance of laminated cyanobacteria mats, 5) the abundance and diversity of macrofauna, and 6) vegetation. These indicators are briefly presented, as well as some consequences considering future oil spill events and salt marsh restoration. 
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The effects of oil spill and clean-up on dominant US Gulf coast marsh macrophytes: a review 
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Abstract
The objective of this review was to synthesize existing information regarding the effects of petroleum hydrocarbons on marsh macrophytes in a manner that will help guide research and improve spill-response efficiency. Petroleum hydrocarbons affect plants chemically and physically. Although plants sometime survive fouling by producing new leaves, even relatively non-toxic oils can stress or kill plants if oil physically prevents plant gas-exchange. Plant sensitivity to fouling varies among species and among populations within a species, age of the plant, and season of spill. Physical disturbance and compaction of vegetation and soil associated with clean-up activities following an oil spill appear to have detrimental effects on the US Gulf coast marshes. Other techniques, including the use of chemicals such as cleaners or bioremediation, may be necessary to address the problem. Clean-up may also be beneficial when timely removal prevents oil from migrating to more sensitive habitats.
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	Sensitivity of US Gulf of Mexico coastal marsh vegetation to crude oil: Comparison of greenhouse and field responses
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Abstract  Greenhouse and field studies were conducted to evaluate the effect of crude oil on selected US Gulf of Mexico coastal marsh species. Species showed different levels of sensitivity to oiling between greenhouse and field conditions. In greenhouse studies, two crude oils were used: South Louisiana crude oil (SLC) and Arabian Medium crude oil (AMC). The majority of Spartina patens plants died within one month following oiling with little or no recovery after three months. Panicum hemitomon and Spartina alterniflora were also adversely affected by oiling under greenhouse conditions but to a lesser extent than S. patens. The SLC or AMC oiling led to biomass reductions in S. alterniflora and S. patens. The dry biomass was not affected by oiling in P. hemitomon, Sagittaria lancifolia, Typha latifolia, and Scirpus olneyi. Results showed that S. patens plants were more sensitive to SLC as compared to AMC oil. Gross CO2-C fixation data collected in the greenhouse indicated no differences in recovery among species across oiling treatments for S. lancifolia, S. olneyi, and T. latifolia. Field studies with S. alterniflora, S. patens and S. lancifolia demonstrated initial sensitivity of these species to oiling, and recovery following oiling with SLC. Our data also showed that caution must be employed whenever results from greenhouse studies are extrapolated to predict oil impact on vegetation under field conditions. Development of any sensitivity index of plant responses to oiling should not be based on greenhouse experiments only. Field evaluations should be included which best depict plant responses to oiling. Thus, restoration measures of US Gulf of Mexico coastal marshes following oiling should rely primarily on field studies. The field research suggests that the US Gulf of Mexico coastal marsh vegetation are likely to recover from oil spills naturally without the need for remediation procedures.



Environ Sci Technol. 2005 Mar 15;39(6):1855-60.
In-situ burning of oil in coastal marshes. 2. Oil spill cleanup efficiency as a function of oil type, marsh type, and water depth.
Lin Q, Mendelssohn IA, Carney K, Miles SM, Bryner NP, Walton WD.
Wetland Biogeochemistry Institute School of the Coast and Environment, Louisiana State University, Baton Rouge, Louisiana 70803, USA. comlin@lsu.edu
Abstract
In-situ burning of spilled oil, which receives considerable attention in marine conditions, could be an effective way to cleanup wetland oil spills. An experimental in-situ burn was conducted to study the effects of oil type, marsh type, and water depth on oil chemistry and oil removal efficiency from the water surface and sediment. In-situ burning decreased the totaltargeted alkanes and total targeted polycyclic aromatic hydrocarbons (PAHs) in the burn residues as compared to the pre-burn diesel and crude oils. Removal was even more effective for short-chain alkanes and low ring-number PAHs. Removal efficiencies for alkanes and PAHs were >98% in terms of mass balance although concentrations of some long-chain alkanes and high ring-number PAHs increased in the burn residue as compared to the pre-burn oils. Thus, in-situ burning potentially prevents floating oil from drifting into and contaminating adjacent habitats and penetrating the sediment. In addition, in-situ burning significantly removed diesel oil that had penetrated the sediment for all water depths. Furthermore, in-situ burning at a water depth 2 cm below the soil surface significantly removed crude oil that had penetrated the sediment. As a result, in-situ burning may reduce the long-term impacts of oil on benthic organisms.
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Salt marsh recovery and oil spill remediation after in-situ burning: effects of water depth and burn duration.
Lin Q, Mendelssohn IA, Carney K, Bryner NP, Walton WD.
Wetland Biogeochemistry Institute and Institute for Environmental Studies, Louisiana State University, Baton Rouge 70803, USA. comlin@lsu.edu
Abstract
Effects of water depth, burn duration, and diesel fuel concentration on the relationship between recovery of marsh vegetation, soil temperature, and oil remediation during in-situ burning of oiled mesocosms were investigated. The water depth over the soil surface during in-situ burning was a major factor controlling recovery of the salt marsh grass, Spartina alterniflora. Ten centimeters of water overlying the soil surface was sufficient to protect the marsh soil from burn impacts with soil temperatures <37 degrees C and high plant survival rate. In contrast, a water table 10 cm below the soil surface resulted in mean soil temperatures > 100 degrees C at the 2-cm soil depth, which completely inhibited the post-burn recovery of S. alterniflora. Although poor plant recovery was also apparent in the treatments with 0 and 2 cm of water over the soil surface, this result was likely due to the chemical stress of the diesel fuel used to create the fire rather than the heat, per se, which never reached the estimated lethal temperature of 60 degrees C. In-situ burning effectively removed more than 95% of floating oil from the water surface. Thus, in-situ burning prevented the oil from potentially contaminating adjacent habitats. However, in-situ burning did not effectively remediate the oil that had penetrated the soil.












Rev Environ Contam Toxicol. 1997;153:91-118.
Petroleum pollution in the Gulf of Mexico and Caribbean Sea.
Botello AV, Villanueva S, Díaz G.
Instituto de Ciencias del Mar y Limnología, UNAM, México D.F., México.
Abstract
In 1976, IOC-UNESCO and UNEP convened a meeting in Port of Spain to analyze the marine pollution problems in the region, noting that petroleum pollution was of regionwide concern and recommended initiating a research and monitoring program to determine the severity of the problem and monitor its effects. The Wider Caribbean is potentially one of the largest oil-producing areas in the world. Major production sites include Louisiana and Texas in the U.S.; the Bay of Campeche, Mexico; Lake Maracaibo, Venezuela; and the Gulf of Paria, Trinidad. All these are classified as high-risk production accident zones. Main sources of petroleum pollution in the Wider Caribbean are production, exploitation, transportation, urban and municipal discharges, refining and chemical wastes, normal loading and unloading operations, and accidental spills. About 5 million barrels of crude oil are transported daily in the Caribbean, thus generating an intense tanker traffic. It has been estimated that oil discharges from tank washings within the Wider Caribbean could be as high as 7 million barrels/yr. The results of the Caribbean Pollution Regional Program (CARIPOL) conducted between 1980 and 1987 pointed out that significant levels of petroleum pollution exist throughout the Wider Caribbean, including serious tar contamination of windward exposed beaches, high levels of floating tar within the major current systems, and very high levels of dissolved and dispersed hydrocarbons in surface waters. Major adverse effects of this type of pollution include: high tar levels on many beaches that either prevent their recreational use or require very expensive cleanup operations, distress and death for marine life, and responses in the enzyme systems of marine organisms that have been correlated with declines in reproductive success. Finally, the presence of polycyclic aromatic hydrocarbons (PAHs) in tissues of important economic species has been reported, creating a risk for public health because of the potential carcinogenic effects.
PMID: 9380894 [PubMed - indexed for MEDLINE]
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The effects of crude oil and the effectiveness of cleaner application following oiling on US Gulf of Mexico coastal marsh plants 
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Abstract
Field studies were conducted in two different marsh habitats in Louisiana coastal wetlands to evaluate the effects of oiling (using South Louisiana Crude oil, SLC) and the effectiveness of a shoreline cleaner (COREXIT 9580) in removing oil from plant canopies. The study sites represented two major marsh habitats; the brackish marsh site was covered by Spartina patens and the freshwater marsh was covered by Sagittaria lancifolia. Field studies were conducted in each habitat using replicated 5.8 m2 plots that were subjected to three treatments; oiled only, oiled+cleaner (cleaner was used 2 days after oiling), and a control. Plant gas exchange responses, survival, growth, and biomass accumulation were measured. Results indicated that oiling led to rapid reductions in leaf gas exchange rates in both species. However, both species in ‘oiled+cleaned’ plots displayed improved leaf conductance and CO2 fixation rates. Twelve weeks after treatment initiation, photosynthetic carbon fixation in both species had recovered to normal levels. Over the short-term, S. patens showed more sensitivity to oiling with SLC than S. lancifolia as was evident from the data of the number of live shoots and above-ground biomass. Above-ground biomass remained significantly lower than control in S. patens under ‘oiled’ and ‘oiled+cleaned’ treatments while it was comparable to controls in S. lancifolia. These studies indicated that the cleaner removed oil from marsh grasses and alleviated the short-term impact of oil on gas exchange function of the study plants. However, use of cleaner had no detectable effects on above-ground biomass production or regeneration at the end of the first growing season in S. patens. Similarly, no beneficial effects of cleaner on carbon fixation and number of live shoots were apparent beyond 12 weeks in S. lancifolia.
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A comparative investigation of the effects of south Louisiana crude oil on the vegetation of fresh, brackish and salt marshes 
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Abstract
The impact of south Louisiana crude oil on the dominant vegetation, Spartina alterniflora, Spartina patens and Sagittaria lancifolia, of three types of coastal wetlands, salt, brackish and freshwater marshes, respectively, was studied. In the greenhouse, south Louisiana crude oil was applied to natural marsh sods at rates of 0, 4, 8, 16 and 24 l m−2. The photosynthetic rate of S. patens significantly decreased with increasing oil dosage after 1 month of oil application, while the photosynthetic rate of S. alterniflora was not significantly reduced by oil application until 3 months. The photosynthetic rate of S. lancifolia was not detrimentally affected by the oil treatments. Four months after oil application, live above-ground biomass production was significantly reduced at higher oil dosages for S. patens, was not affected in S. alterniflora, while S. lancifolia exhibited significantly higher total biomass at 24 l m−2 compared to the controls. The year following oil application, no regrowth of S. patens and S. alterniflora occurred at oil levels above 8 l m−2. In contrast, the regrowth of above-ground biomass of S. lancifolia increased with increasing oil dosage and resulted in monospecific communities at 16 and 24 l m−2. Furthermore, the residual oil in the soil greatly differed among the three marsh-types, with the highest concentrations in the S. patens soil sods and the lowest concentrations in S. alterniflora soil sods. This difference in oil residue among the marsh-types was mainly due to differences in soil organic content. The sensitivity of these marsh-types to south Louisiana crude oil increased in the following order: S. lancifolia, S. alterniflora and S. patens.
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An Assessment of Potential Oil Spill Damage to Salt Marsh Habitats and Fishery Resources in Galveston Bay, Texas 
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Abstract
We sampled nekton, benthic infauna, and sediments in salt marshes of upper Galveston Bay, Texas to examine relationships between habitat use and sediment hydrocarbon concentration. Most marsh sediment samples were contaminated with relatively low concentrations of weathered petroleum hydrocarbons. We found few statistically significant negative relationships between animal density and hydrocarbon concentration (6 of 63 taxa examined using simple linear regression). Hydrocarbon concentration did not contribute significantly to Stepwise Multiple Regression models we used to explore potential relationships between animal densities and environmental parameters; in most cases where hydrocarbon concentration was an important variable in the models, the relationship was positive (i.e., animal densities increased with hydrocarbon concentration). Low hydrocarbon concentrations in sediments of upper Galveston Bay marshes could have contributed to our results either because levels were too low to be toxic or levels were toxic but too low to be detected by most organisms.
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Abstract
The chemical effects of chronic petroleum input into a shallow water marsh were examined by measuring hydrocarbon levels and dissolved organic carbon content of sediments associated with two active oil fields in south Louisiana. Annual levels of total organic carbon in the surface waters of the oil fields were higher by 1 mg C/l. in the salt marsh and 5 mg C/l. in the fresh marsh than the respective control sites. Average dissolved organic carbon concentrations in the interstitial waters of cores taken within the oil field environments were 105% higher than the control in the salt marsh and 43% higher than the control in the fresh marsh. Significantly lower ratios of C17 to pristane occurred in both oil field sediments; however, average odd-even predominance values were not indicative of petroleum contaminated sediments. The results indicate that microbial processes are responsible for dissolution of petroleum into dissolved organic carbon and that dissolved organic carbon concentrations may be a more significant measure of chronic petroleum input than hydrocarbon distribution.
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Rapid Communication
Influence of a dispersant on the bioaccumulation of phenanthrene by topsmelt (Atherinops affinis) 
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Abstract
[bookmark: mml4][bookmark: mml5]Chemical dispersants enhance oil spill dispersion by forming water-accommodated micelles with oil droplets. However, how dispersants alter bioavailability and subsequent bioaccumulation of hydrocarbons is not well understood. Thus, the goal was to investigate the influence of a chemical dispersant on the disposition (uptake, biotransformation, and depuration) of a model hydrocarbon, [14C]-phenanthrene ([14C]PHN), by larval topsmelt (Atherinops affinis). Exposure was via aqueous-only or combined dietary and aqueous routes from a water-accommodated fraction (WAF) of Prudhoe Bay Crude Oil (PBCO) or a WAF of Corexit 9527-dispersed PBCO (DO). Trophic transfer was measured by incorporating into exposure media both a rotifer (Brachionus plicatilis) as food for the fish and a phytoplankton (Isochrysis galbana) as food for the rotifers. Short-term ([image: less-than-or-equals, slant]4 h) bioconcentration of PHN was significantly decreased in topsmelt when oil was treated with dispersant (P<0.05), but differences diminished after 12 h. When trophic transfer was incorporated, PHN accumulation was initially delayed but after 12 h attained similar levels. Dispersant use also significantly decreased the proportion of biotransformed PHN (as 9-phenanthrylsulfate) produced by topsmelt (P<0.05). However, overall PHN depuration was not affected by dispersant use. Thus, chemical dispersant use in oil spill response may reduce short-term uptake but not long-term accumulation of hydrocarbons such as PHN in pelagic fish.

The Effects Of Dispersant (Corexit 9500), Physically And
Chemically Dispersed Oil On The Symbiotic Soft Coral Xenia
Elongata
Carys MITCHELMORE*1, Michael TEASDALE2, Denise YOST2,
Eileen BEARD2, Joel BAKER2, Walter HATCH3
1Chesapeake Biological Laboratory, University of Maryland Center for
Environmental Science, Solomons, MD, 2University of Maryland Center
for Environmental Science, Solomons, MD, 3St Mary's College of
Maryland, St Mary's City, MD
Following an oil spill near a coral reef various response options may be
considered. One option to prevent oil spills from impacting shorelines
and mangrove systems is to use chemical dispersants. The tropical soft
coral Xenia elongata were exposed for 8 hours to either physicallydispersed
(dissolved PAHs) or chemically-dispersed
(dissolved/colloidal/particulate PAHs and dispersant) oil fractions using
weathered Arabian light crude and the dispersant Corexit 9500. The
concentrations of oil used were driven by the dispersant-only toxicity
limits (8 hour LC50 <50 ppm). Oil exposures also consisted of filtered
(via 0.7 micron glass fiber filters) versus non-filtered preparations to
investigate in more detail the route of exposure (dissolved, colloidal
versus particulate fractions). We determined acute toxicity and assessed
a variety of sublethal biomarker endpoints, including recovery and
delayed responses after 30 days removal into clean seawater. Pulsing
rate, pulsing intensity and rigidity were sensitive endpoints for the soft
coral. Corals after 8 hours exhibited decreased pulsing rates and
intensity in the dispersant and oil-dispersant exposures. Delayed
mortality was observed in the oil-dispersant unfiltered exposure and at
the end of the 30-days experiment growth rate was significantly reduced
in the dispersant, filtered and non-filtered oil-dispersant exposures.
Decreased dissolved oxygen content in the exposures were observed in
the dispersant and oil-dispersant doses. Bioaccumulation of PAHs was
from both the dissolved and colloidal fractions. Overall this study
highlights that long-term and delayed responses of corals to dispersant
and dispersed-oil occurs in the soft coral and that careful consideration
should be given when applying dispersant near coral reefs.
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