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ABSTRACT

» This is a comparative study between the 2010 British Petroleum (BP) Deep Water Oil Spill releasing millions of
gallons of crude oil in the Gulf of Mexico near the Louisiana shoreline and the 2015 when thousands of gallons of
crude oil spilling on land then into the Pacific Ocean from a Santa Barbara corroded ruptured pipeline near the
Refugio, CA Shoreline. Then the Shell Oil Spill Occurred in the Gulf in 2016. In the Gulf toxic dispersants were
applied. Toxic chemical additives in the pipeline were mixed in with Pacific Oil leak. In both cases the oil caused
serious harm to the ecosystems, human, animal, and other lifeforms. The purpose of this study is to compare the
aerosol genotoxic levels along the Gulf of Mexico and the Pacific Ocean shorelines following the BP and Refugio Oil
Spills. Air samples were collected from contaminated sites using Impingers, Mini-vol’s, and the URG-3000 (multi-filter
sampler)- Grand Isle, Elmer’s Island, Port Fourchon, in-water ﬁby boat) LA and the control site Sea Rim Park, Tx. Air
samples were also collected at the contaminated Refugio Spill site and the control site Gaviota Beach. Tarballs and
sediments were collected as well. The air samples were processed in the laboratory according to the manufacturer
recommendations- Umu Chromo Test assay EBPL. The results were expressed as induction ratios. The induction
ratio of 1.5 and above is considered to be genotoxic. All the contaminated sites had induction ratios in the genotoxic
range; on the LA shoreline the induction ratios range between 3.7 and 4.7 and on the shoreline of CA the range was
between 6.2 and 6.7. As can be seen the genotoxicity levels are higher on the California shoreline compared to the
Louisiana shoreline. X-ray Diffractions were used to analyze the tarballs to determine the components present that
may be contributing to the genotoxicity. The components included from the tarballs are Quartz, SiO2, Tridymite,
Cristobalite low, Sodalite, Goethite, a-Polypropylene. There are a number of factors that can be considered to take in
account for the higher level of genotoxicity in CA compared to LA. The oil types, natural crude oil seeps ( Santa
Barbara has the largest oil seeps in the Country) , the cleanup methods, and response efforts. Future next steps
include processing the new samples collected. Continue to monitor the effects of the Spills on the environment and
study the recovery process.




INTRODUCTION

»On May 19, 2015, the Refugio Qil Spill
happened in Santa Barbara, California from
a corroded pipeline rupture inland which

released 101,000 gallons of crude oil of that

21,000 gallons went into the Pacific Ocean
(Oceana et al 2015).

» On April 20, 2010, the BP oil spill, the largest
iIn US history, led to approximately 134

million gallons of crude oil into the Gulf of
Mexico (U.S. v. BP et al. 2015).




INTRODUCTION

» The Refugio Oil Spill cleanup process consisted of on
water and on shore recoveries.

» On-shore recovery consisted of assignments on specific
areas, and recovery operations were handled by trained
staff with equipment to contain, collect, and recover

spilled material (Office of Spill Prevention and Response
et al 2016).

» The on-water recovery was conducted by brush type
skimmers that are permanently mounted on Clean Sea
vessels that are staged in the Santa Barbara area
(Office of Spill Prevention and Response et al 2016).



INTRODUCTION

» SKimming vessels were used to concentrate, confine
and store oil (Office of Spill Prevention and Response et
al 2016).

» Booms were used to collect light oil closer to the shore.

» Fingerprint analysis identified oil that came from pipeline
901, which traveled along south of the California
coastline.



INTRODUCTION

» The cleanup efforts in the Refugio spill helped
but the environmental consequences still
transpired.

» It was documented in November 2015, that
202 birds and 99 mammals died along with
numerous aquatic species covered in oil and
extremely sickened (NOAA et al 2015).



INTRODUCTION

» The BP oil spill in 2010, was caused by an oil rig
explosion that released crude oil directly into the Gulf of
Mexico.

» In the impact zone, coral colonies were found coated in
a sludge type material.

» This oil flowed with the current east passing
Mississippi, Alabama, and even Florida’s coastline.




INTRODUCTION

» Due to the depth of the BP spill, oil columnized in the
water.

» A cleanup crew dumped 7 million liters of a toxic
chemical dispersant called, Corexit aimed to allow

bacteria access to the oil. (Kleindienst et al 2015).

» The cleanup process involved skimmers and burning
of the oill.

» The volunteers, residents, scientists and paid workers
were complaining about bleeding from the nose, chest
pains and mild cognitive impairment. (Visser et al
2013).
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PURPOSE

» The purpose of this study is to compare the aerosol
genotoxic levels along the Gulf of Mexico and the
Pacific Ocean shorelines following the BP and

Refugio Qil Spills.




METHODS AND MATERIALS (FIELD
SAMPLING)

» Following the BP and the Refugio Beach oil spill air
samples were collected with the SKC Biosampler
Impinger, Mini-Vol Filter Sampler, and a
URG-3000ABC Filter sampler.

» Air samples were collected from the following highly
contaminated costal areas: Grand Isle, EImer’s
Island and Port Fourchon in Louisiana along with
Refugio Beach in California.

» Tarball samples were collected from each sampling
site and processed by way of X-Ray Diffraction.




METHODS AND MATERIALS (FIELD
SAMPLING)

» The control sites’ samples were collected at Sea Rim
State Park, Texas for the BP oil spill and Gaviota State
Beach, California for the Refugio Beach ail spill.

» In-water samples were collected in the Gulf of Mexico
from the surface level using a reagent bottle, and using a
Niskin Bottle at 100 ft, and 150 ft below the surface.




METHODS AND MATERIALS
(LABORATORY TESTING)

» Overall genotoxicity of the collected air samples was
evaluated using a genetically engineered bacterial
reporter, umu-Chromo test assay from EBPL.

» In this assay, DNA damage activates the reporter gene,
umuC, as part of genotoxic response. In this system,
the umuC gene is fused to lacZ, thus its activation
results in the production of Beta-galactosidase.

» The samples were processed according to the
manufacturer recommendation (umu-ChromoTest,
EBPL) and Beta-galactosidase activity was evaluated
using UV-vis plate reader, OD600.



METHODS AND MATERIALS
(LABORATORY TESTING)

» The results are expressed as Induction Ratios and were
calculated using the formula recommended by the
manufacturer in which the positive control is the

response to the known genotoxic compound [4-
nitroquinoline 1-oxide (4NQ10)], and negative control is
the response to the elution buffer.

» Accordingly, the Induction Ratio of 1.5 and above is
considered genotoxic, Data represent average values
from three experiments with standard deviation (n=3).
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FIGURE 1: MAP OF THE LOCATIONS/
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FIGURE 2: SAMPLING SITES
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IMAGE 3: GRAND ISLE
REVISITED FOR MORE
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COAST OF THE GULF OF
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IMAGE 4: THE DU-
RESEARCH TEAM ON
ELMER'’S ISLAND IN
THE GULF OF
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IMAGE 6: THE
RESEARCH TEAM AT
GAVIOTA STATE
BEACH, CA, PACIFIC
OCEAN TRIP 11 TO

COLLECT




IMAGE 7: SAMPLE
COLLECTIONS AIR
USING SKC LIQUID
IMPINGERS AND MINI-
VOL SAMPLERS AT THE
PACIFIC OCEAN
SHORELINE AT
REFUGIO STATE
BEACH, CA WHERE THE
RUPTURE OF THE OIL
PIPELINE OCCURRED
(SPILL IN THE PACIFIC
OCEAN)




FIGURE 3:
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IMAGE 8: TRIP ON THIS VESSEL TO THE SITES OF THE BP AND THE SHELL OIL

SPILLS IN THE GULF OF MEXICO TO COLLECT SAMPLES -SINGLETON
RESEARCH TEAM USED THIS INSTRUMENT (NISKIN BOTTLE) TO COLLECT
WATER SAMPLES AT DIFFERENT DEPTHS OF THE GULF AT THE SITES.




Sampling Team
Image 9: On our
way to collect
samples.

(Left to Right Dr.
Singleton,
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Ekaidi, and
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IMAGE 10: THEODORE JOHNSON AND JUSTIN GRIFFIN
WORKING WITH OUR SAMPLES IN THE LAB




IMAGE 11:
THEODORE
(INTERN)
PREPARING TO
COLLECT
SAMPLES OF
TAR BALLS ON
THE SHORELINE

OF THE GULF
OF MEXICO -
MULTIPLE TAR
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COLLECTED ON
EACH FIELD
SAMPLING TRIP.




:I\MAGE 12: PLACING TARBALL SAMPLES IN X-
RAY DIFFRACTION MACHINE




METHODS AND MATERIALS (X-RAY
DIFFRACTION)

» X-Ray Diffraction depends on the particle and wave nature
of X-Rays to receive information about the structure of the
crystalline materials.

» The method was used to determine the components of the
internal structure of tarball samples.

» The incident beam is generated by a cathode ray tube.

» The interaction of the incident beam with the sample
produces the constructive interference revealing the
structure of the sample which allows you to determine the
components of the sample.




RESULTS (LOUISIANA)
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Table 1: Louisiana 2011 Genotoxicity Results

Table 3: Louisiana 2013 Genotoxicity Results
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RESULTS (CALIFORNIA)
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Table 6: California 2017 Genotoxicity Results




RESULTS (Meteorological Data)

Table 7: Results from the Louisiana Gulf of Mexico-Water samples

Averages of Weather Parameters

Temp F Humidity Wind Spd Heat Indx °F Wind Dir. Dew Pt. °F  Wind Chl °F

84° 73% 7mph 97° 77° 86°

Table 8: Results from the California Pacific Ocean on the Shoreline Area
Averages of Weather Parameters

Temp F Humidity Wind Spd Heat Indx °F Wind Dir. Dew Pt. °F Wind Chl °F

75° 74% 7mph 75° NE 65° 73°
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DISCUSSION

» Every year oil and dangerous substances are discharged
into our waterways, contaminating valuable wetlands and
shellfish beds, closing fisheries and beaches, and
increasing dredging prices.

» NOAA alone responds to more than 100 oil spills
nationwide annually.

» These activities harm necessary environment for plants
and animals and degrade the standard of life for those that
live close to, work, and reproduce in surrounding areas.

» The results show that overall the Pacific is more genotoxic
than Gulf of Mexico Shoreline.



DISCUSSION

» Santa Barbara County witnesses tons of oil seeps each day.

» Goleta, a city in Santa Barbara County 15.5 miles from the
Refugio Beach Spill, withesses up to 25 tons of oil from oil
seeps daily (American oil & gas historical society et al 2018).

» The type of oil produced by these formations is shale oil, oil
that is produced from shale rock, and contains a higher ratio
of asphaltenes.




DISCUSSION

» Louisiana has Type 1 crude oil “light- sweet oil” which
evaporates into the atmosphere. Light oil is also the easiest
for natural gas and oil consuming microbes to eat.

» The Louisiana shoreline’s genotoxic levels may be lower than
the California shoreline because of the oil type, differences in
geology and the natural seeps in California.




FIGURE 4: THIS
ILLUSTRATES THE ROUTE
TRAVELED BY NATURAL
CRUDE OIL SEEPS
LEAVING THE SUB-
SEAFLOOR RESERVOIR AS
IT TRAVELS THROUGH THE
WATER COLUMN TO THE
SURFACE AND ULTIMATELY
SINKS AND FALLS OUT IN A
PLUME SHAPE ONTO THE
SEAFLOOR WHERE IT
REMAINS IN THE
SEDIMENT. (ILLUSTRATION
BY JACK COOK, WOODS
HOLE OCEANOGRAPHIC
INSTITUTION)
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CONCLUSION

» Habitats for plants and animals are damaged under these
circumstances, and could affect humans in impacted communities
that may rely on these resources.

» Coral reefs were found to be greatly damaged due to the oil droplets
sinking to the ocean floor.

» In efforts to clean up the oil in the BP spill chemical dispersants,
booms, burning of the oil, and skimmers were used while in the
Refugio spill toxic additives, skimmers and booms were used.

» With these efforts for the two oil spills the Gulf of Mexico shoreline is
still less genotoxic than the Pacific’s.




CONCLUSION

» Prior to the Refugio spill, Plains All-American Pipeline Company,
responsible for the incident failed to properly assess the corrosion
after multiple inspections and didn’t detect nor respond to the
%Qltg)re when it occurred. (US Department of Transportation et al

» During the Refugio Qil spill, Cultural/Historical Technical Specialists
coordinated with Chumash Indians to ensure that cultural and
historic properties are protected during the cleanup (Office of Spill
Prevention and Response et al 2016).

» Post the BP oll spill the U.S. Department of the Interior has
mandated guidelines for oil well infrastructure maintenance and
monitoring (Milman et al 2016).

» Scientists have been seeking an eco-friendly method to clean up
these oil spills.




CONCLUSION

» Physicist Arden Warner, from Fermilab, invented
the Warner Method, by sprinkling magnetic iron
shavings onto engine oill.

» He found that with a magnet it guided the oil blob in
any desirable direction.

» Once the oil is collected, its fillings can be
preserved once dried.

» Importantly, the iron is more environmentally
friendly than toxic chemical dispersants used in the
BP spill.



CONCLUSION

» A company in lllinois, Elastec, created a machine that
tripled cleanup rates called Elastec’s Grooved Disc
Skimmer.

» It has the ability to scoop 4,670 gallons of oil per
minute obtaining 90% of the oil.

» The remediation efforts and cleanup was quicker in
the Refugio Pipeline rupture, with newer equipment
could enhance cleanups and leave less
environmental issues.




FUTURE CONSIDERATIONS

» Further research includes continuing to
monitor the genotoxicity in these areas.

» Analyze the new samples collected.




REFERENCES

Alexander, L. E. , and Sommer , E. C. 1956 . Systematic analysis of carbon black
structures. J. Phys. Chem. , 60 : 1646 — 1649

Yen, T.F., Erdman, J. G., and Pollack , S. S. 1961 . Investigation of the structure of
petroleum asphaltene by X-ray diffraction. Anal. Chem. , 33 (11 ): 1587 — 1594 .

Alexander, L. E. , and Darin , S. R. 1955 . X-ray diffraction study of four reinforcing carbon
blacks. J. Chern. Phys. , 23 : 594 — 595 . Erratum , 1956 , 24 : 1118 .

Yen, T. F. , and Erdman , |. G. 1963 . Asphaltene (petroleum) and related substances, X-
ray diffraction. Encyclopedia of X-Rays and Gamma Rays , ed. G. L. Clark . New York :
Reinhold, pp. 65 —68 . 1149 pp.

Ergun, S., Donaldson , W. , and Smith , R. W. , Jr., 1965 . X-ray diffraction data for
aromatic, hydroaromatic and tetrahedral structures of carbon. U.S. Bur. Mines Bull. , 620
(10): 104 pp.

USDOT Releases Failure Investigation Report for May 2015 Plains All-American Pipeline
Spill in Santa Barbara, California. US Department of Transportation. 2016 May 19
[accessed 2018 Apr 5].




REFERENCES (CONTINUED)

"Crystalline Silica Exposure: Health Hazard Information." OSHA Fact Sheetﬂn.d.?: n. pag. OSHA.gov.
United States Department of Labor. Web. 9 Mar. 2016. OSHA (Occupational Safety and Health
Administration

E.l. Seiyaboh*, |.R. Inyang and A.H. Gijo Environmental Impact of Tombia Bridge Construction Across
Nun River In Central Niger Delta, Nigeria; The International Journal Of Engineering And Science (IJES)
[|[Volume||2 ||Issue|| 11||Pages|| 32-41]|2013|| ISSN(e): 2319 — 1813 ISSN(p): 2319 — 1805

g(iimond , R. 1957 . X-ray diffraction data for large aromatic molecules. Acta Crystailogr. , 10 :359 —

Hermans , P. H. , and Weidinger , A. 1950 . Quantitative investigation of X-ray diffraction by amorphous
polymers and some other noncrystalline substances. J. Polym. Sci. , 5 ( 3 ): 269 — 281.

Kleindienst S, Seidel M, Ziervogel K, Grim S, Loftis K, Harrison S, Malkin SY, Perkins MJ, Field J, Sogin
ML, Dittmar T, Passow U, Medeiros PM, Joye SB, et al. Chemical dispersants can suppress the activity
of natural oil-degrading microorganisms. Proceedings of the National Academy of Sciences.
2015;112(48):14900-14905.

Kumar, Kamal. (2014). Characterization of asphaltenic material obtained by treating of vacuum
Ir:esicljue ... 3. K. Maity, S. Kumar, M. Srivastava, A. S. Kharola, K. K. Maurya, S. Konathala,... Fuel.
uel. .



REFERENCES (CONTINUED)

Office of Response and Restoration. At the Bottom of the Gulf of Mexico, Corals and
Diversity Suffered After Deepwater Horizon QOil Spill. [accessed 2018 Mar 25].

Oceana. Refugio Oil Spill, Santa Barbara. Oceana USA. 2016 Aug 25 [accessed 2018
Apr 5]. OFFICE OF SPILL PREVENTION AND RESPONSE. Refugio Oil Spill
Response Evaluation Report - California. 2016 May [accessed 2018 Mar 22].

Visser N. Corexit, Oil Dispersant Used By BP, Is Destroying Gulf Marine Life,
Scientists Say. The Huffington Post. 2013 Apr 25 [accessed 2018 Mar 22].

Diep F. The Effects of the Santa Barbara Oil Spill, One Year Later. Pacific Standard.
2016 May 19 [accessed 2018 Apr 3].

NOAA. Refugio Beach Oil Spill Natural Resource Damage Assessment Update. 2015
Nowv.

Deepwater Horizon Natural Resource Damage Assessment Trustees. (2016).
Deepwater Horizon oil spill: Final Programmatic Damage Assessment and Restoration
Plan and Final Programmatic Environmental Impact Statement. Retrieved from

Milman O. New US oil drilling regulations aim to prevent another Deepwater disaster.
The Guardian. 2016 Apr 14 [accessed 2018 Apr 5].



ACKNOWLEDGMENTS

» This research project was supported by: The National Science
Foundation grants- Award #1552625, and HRD-1118254 awarded to Dr.
Bernard Singleton (Mentor) and the National Institutes of General
Medical Science grant- P20-GM103501 awarded to Dr. Krzysztof Reiss
at LSU/Louisiana Cancer Research Center.

» Dr. Abdalla Darwish, First Presidential Professor of Dillard University,
Physics Department, Campus Coordinator/Director of DU- LS/LAMP
Research Program.

» Dr. Ibrahim Ekaidi, M.D., Biology Professor, Southern University in New
Orleans (SUNO)

» Beverly L. Wright, Ph.D., Founder and Executive Director of Deep
South Environmental Justice







