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ABSTRACT 

The Deepwater Horizon (DWH) blowout, in the Gulf of Mexico, heavily contaminated 

miles of sandy beaches.  Previous experience of petroleum contamination has shown that 

oil residues can persist in the sediments for decades.  Biodegradation is the major 

mechanism of remediation regarding petroleum hydrocarbons.  There is an urgent need to 

evaluate the competent indigenous microbial biomass in contaminated sediments if the 

risks posed by toxic oil residues, for the coastal ecosystem, are to be minimized.  We 

report a field investigation during December 2010 and January 2011 regarding 

measurement of microbial activity in a sandy beach at the Bon Secour National Wildlife 

Refuge in Alabama.  One transect of wells for sampling was installed in the beach;   

starting with multiport one, being most landward and thought to be least exposed to oil 

residue and ending with multiport four being the most seaward and exposed to the open 

waters of the Gulf of Mexico.  Sediment samples were collected from different depths 

purposely chosen from above, inside, and below the oil layers for microbial analysis.  

Dissolved oxygen (DO) measurements were obtained and temperature was recorded 

while collecting the oxygen measurements.  Pore water samples were collected for 

nutrient content and were monitored using the multiport sampling wells.  Moisture 

content was analyzed from the sediments extracted at various depths at each well.  pH 

and salinity were also analyzed for their contributing affect on the microbial community.  

Grain size distribution analyses were conducted on samples collected at all wells and at 

multiple depths to characterize the field study location.  Results show that the bacterial 

biomass, as measured by Adenosine-5-triphosphate (ATP) and numbers of alkane and 

polycyclic aromatic hydrocarbon (PAH) degraders determined by Most Probable Number 
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(MPN), are consistently higher in the sediment layers where oil had been detected.  A 

very good correlation was observed among the relative abundance of bacteria in the 

different samples using MPN and ATP measurements.  As expected, ATP based estimates 

of the microbial populations were two orders of magnitude higher than the alkane and 

PAH numbers determined by MPN, which reflect the non-cultivability of most 

environmental bacteria.  The lower concentrations of PAH degraders than alkane 

degraders that were observed in this study are consistent with other studies, even though 

both populations are lower than in studies involving fresh oil trapped in beach or wetland 

sediments.  PAHs (aromatics) are notoriously more resistant to biodegradation than 

alkanes, therefore allowing a lower number of biomass to grow using them.  The overall 

smaller size of the bacterial numbers could be explained by the naturally occurring low-

organic content of beach sand.   On the other hand, this may be due to the highly 

weathered nature of the oil or it could reflect some other limitation.   
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CHAPTER 1:  INTRODUCTION 

 

On April 20, 2010, the Deepwater Horizon drilling platform, located in Mississippi 

Canyon Block 252 in the United States sector of the Gulf of Mexico, approximately 41 

miles off the southern Louisiana coast, exploded and sank.  What followed was one of the 

largest offshore oil spills in U.S. history: over two hundred and six million gallons of 

crude oil flooded the Gulf of Mexico for approximately three months, threatening some 

of the richest U.S. fisheries and endangering a fragile marine ecosystem (Thibodeaux et 

al., 2011).  As the result of the Deepwater Horizon explosion, hundreds of miles of sandy 

beaches along the Gulf coast were polluted (Mitsch, 2010).  The area affected by the 

Deepwater Horizon (DWH) oil spill is shown in Figure 1.   

 

After the initial oil slicks in the open Gulf were reported, one of the largest containment 

and clean up operations was mobilized.  It was thought that before the oil could reach the 

sensitive coastline, the cleanup efforts should include:  application of dispersant (a 

mixture of a surfactant and solvent), controlled in-situ burning (Schaum et. al, 2010) and 

mechanical recovery.  Mechanical recovery was the preferred method of oil removal 

from the water surface because it removes oil from the environment without possible 

environmental effects from contaminants, such as added chemicals.  Necessary recovery 

equipment included various booms, skimmers, and containment vessels.  Shoreline 

cleanup began in the end of April of 2010 and continues to the present day, though 

minimal in comparison to the initial response.  Appropriate shoreline clean-up techniques 

vary accordingly to the type of shoreline, the nature of the oil and the potential 
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environmental impacts resulting from these efforts.  Clean up operations in these two 

subsequent years included manual pick-up of oil; shoreline modifications (Figure 2); 

mechanical tilling and removal of oiled sediments; and bioremediation.  

 

 

Figure 1.  The cumulative surface oil slick (green) and shoreline observation data (blue), in the Gulf 

of Mexico resulting from the April 20, 2010 explosion.  The yellow icon is the location of the DWH 

platform.  This photo is courtesy of the Environmental Response Management Application 

(Image:NASA) 

 

Recent reports by scientists have estimated that approximately 46 million gallons of oil 

are unaccounted for and may be buried in sand and sediments, potentially resurfacing 

over time in the form of tar balls and may be seen just below the surface of the sediments 

(Ramseur, 2010).  In 2011, a report released by the Operational Science Advisory Team 

(OSAT), described the remaining oil distributions on the sandy shorelines and concluded 

that 10% oil mass content was detected in the samples collected from four oiled sandy 
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beaches in Alabama, Florida, Louisiana and  Mississippi.  The fate of this oil has been 

questioned by other researchers as well (Thibodeaux et al., 2011).  In 2012, Allen et al., 

found that this particular oil contained an estimated 2.1 × 10
10 

g of polycyclic aromatic 

hydrocarbons (PAHs); that is approximately 3.9% PAHs by weight.   PAHs are one of 

the principal contaminant classes of concern in oil spills because many compounds are 

toxic and/or carcinogenic to humans and wildlife.  Chemicals of concern can persist in 

the environment (National Research Council, 2003) and affect exposed organisms (Carls 

and Thedinga, 2010; Carls et al., 2008).    

 

 

Figure 2.  Shoreline modification in coastal Louisiana to reduce oil impact on wetlands. This photo is 

courtesy of the U.S. Coast Guard. 
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Oil from the DWH blowout was entrapped in the sandy shoreline of an Alabama beach; it 

is this beach that was the focus of our study.  The oil was deposited during storms that 

carried it to the supratidal zone (i.e., landward of the high tide line, Figure 3), and was 

buried during later events due to sand deposition on the top of it.  Due to its emplacement 

landward of the high tide line, the normal reworking by storm waves could not physically 

remove this oil.   

 

 

Figure 3.  Example showing supratidal zone related to tide lines.  This photo is courtesy of the 

Marine Study Nature Center.   

 

 

This investigation had three goals and one question to answer:  The first goal was to 

identify beach characteristics through field measurements of pore water and sediments, 

the second was to investigate the abundance and two types of microbial communities 

contained within the sediments, and the third was to relate them, if possible, to the 

persistence of the DWH oil.  The question that needed to be answered was:  Can the use 
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of microbial population distribution determine the extent and age of an oil contamination 

event?   This beach was moderately polluted by the DWH oil spill in 2010 (OSAT, 2011).      
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CHAPTER 2:  BACKGROUND 

 

Petroleum released into the marine environment is subject to many transformative 

processes.  Weathering, which is the chemical, physical, and biological manipulation of 

the initial product, changes the composition (Clark and McLeod, 1977).  Microbial 

degradation plays a major role in the weathering process (Harayama et al., 1999).  Walker 

et al., (1976) examined the susceptibility to microbial degradation of hydrocarbons in 

weathered crude and fuel oils.  What they discovered was that each of the oils that were 

investigated supported a unique population of bacteria.  Engelhardt et al., (2001) found 

that in intertidal beach sediment, certain bacteria are capable of extensive degradation of 

alkanes in crude oil but only had a limited capacity for the utilization of other organic 

compounds.  Many microorganisms, possibly multitudes of species, are responsible for 

biodegradation and it is these species that have evolved many metabolic pathways to 

degrade oil (OTA, 1991).  

 

Biodegradation is particularly important in coastal sediments that have been impacted by 

an oil spill, as it is the mechanism for removal of the non-volatile components of oil from 

the environment.  It is a relatively slow process and may require months to years for 

microorganisms to degrade a significant fraction of oil stranded within the sediments of 

marine environments (Zhu et al., 2001).  Following the DWH spill, large amounts of 

differently weathered and dispersed oil reached beaches on the Gulf Coast.  Besides the 

cleaning operations that had taken place, it was anticipated that a significant fraction of 

oil residues would have been subjected to natural attenuation by the action of the 

indigenous microorganisms in the beach sediments.  Being able to understand 
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biodegradation, its processes and the microbial populations involved with it, in order to 

understand and evaluate effective remediation strategies, is necessary (Jimenez  et al., 

2011).  

 

Oil biodegradation is a natural process in which microorganisms use hydrocarbons as 

carbon and energy sources.  Ideally, oil biodegradation results in the complete 

mineralization of hydrocarbons into carbon dioxide.  Crude oil is a complex mixture 

consisting of hydrocarbons as well as other compounds (Harayama et al., 1999).  For oil 

biodegradation to take place in beaches, many variables are necessary and must be in 

proper order to start the process.  These variables include:  (1) available and appropriate 

amounts of an electron acceptor, in this case oxygen (O2), (2) available and appropriate 

amounts of nutrient, Nitrogen (N) and Phosphorus (P), (3) sufficient amount of moisture 

contained within the sediments and (4) suitable temperature.  (5) Proper pH and (6) 

salinity are also essential in order to have a healthy and viable microbial community that 

are capable of using the oil as substrate.   

 

Venosa et al., (2010) state that an electron acceptor must be present in addition to the fact 

that nutrient must be available to the degrading bacteria.  In our study, it was confirmed 

that the beach was operating under aerobic degradation and according to Boufadel et al., 

(2010), the major and fastest degradation pathways for petroleum hydrocarbons involves 

oxygenates and molecular oxygen, indicating the importance of oxygen for oil degrading 

microbes.  Secondly, regarding nutrient content, Redfield (1934, 1958) as well as, more 

recently, Atlas and Bartha, (1993) and Prince (1993) have shown that the available 
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concentrations of N and P are limiting factors for the growth of hydrocarbon degrading 

microorganisms.  Most studies have shown, in order to start the biodegradation process of 

crude oil, a minimal requirement of about 0.04 g N/g oil (Atlas and Bartha, 1972) and 

approximately 0.082 g P/g oil (Strynar, 1997)  is required, which is the observed 

amounts, roughly a 5:1 ratio of N:P, documented by Zhu et al., (2001).  At the opposite 

end of the spectrum, research involving what is thought to be, the maximum potential 

amount of oil biodegradation, has shown that nutrient concentrations should be no more 

than  2−10 mg N/L (Atlas and Bartha, 1972; Atlas, 1981; Boufadel et al., 1999; Du et al., 

1999; Wrenn et al., 2006).  Thirdly, hydrocarbon degrading microorganisms need a 

sufficient amount of moisture in order to mingle at the oil−water interface (Rosenburg 

and Rosenburg, 1981; Watkinson and Morgan, 1990;  Jimenez and Bartha, 1996).  This is 

paramount since it is believed that this interaction makes the oil bioavailable for 

consumption.  If the moisture content in the sediments is not sufficient, the rate could be 

limited by the transfer of the biodegradable components, namely PAHs, to the oil−water 

interface (Rosenburg et al., 1992; Nicol et al., 1994) where the uptake is believed to 

occur.   Temperature's influence is key as it can affect the physical characteristics of the 

stranded oil which in turn directly affect its biodegradation potential; in marine 

environments, it has been noted that 15 to 20°C is favorable for biodegradation (Bartha 

and Bossert, 1984; Cooney, 1984).  Lastly, regarding the microbial community,  pH  and 

salinity are important as changes in these parameters can affect the rate of biodegradation 

as well as an alteration of the community (Zhu et al., 2001) itself and limit the species 

available.  An observed pH between 6-9 was noted by Atlas and Bartha, (1992).  This 
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finding was proven based upon the initial work of Bossert and Bartha, (1984), in which it 

was stated that having a slightly more alkaline setting was optimal for biodegradation.   

 

Using microbial population distribution as a marker to determine extent and age of a spill 

has not been explored in depth prior to this study.  In this study, we have used size or 

range of ATP numbers to describe the extent and the most abundant types of bacteria 

present to represent the age of contamination.  According to a study by Doong and Wu, 

(1995), the higher the amount of oil contamination yielded higher microbial counts.  

Meaning, the more oil (substrate) in the sample gave the ability for more microbes to be 

able to flourish and have larger colony counts due to the higher level of contamination.  

Regarding the age of an event, this is explained by what fractions have been broken down 

over time.  If biodegradation is taking place, the ALK degrader numbers will go down 

over time because that fraction of the oil is most easily available for consumption due to 

its structure (Ulrici, 2000; Perry, 1984), whereas the PAH's have a lower susceptibly of 

microbial degradation or attack due to its configuration.  In this study, ALK and PAH 

degraders were analyzed in addition to the total heterotrophic (TH) counts contained 

within the sediments.  Total Heterotrophs are bacteria that use organic (carbon-

containing) compounds as a source of energy and carbon.  This characteristic 

distinguishes heterotrophic bacteria from others types which assimilate CO2 as their 

source of carbon.  Due to its capacity to adapt itself to a malnourished environment of 

water systems, heterotrophic bacteria are able to outlive other microorganisms in water.  

Many heterotrophic bacteria utilize sugar, alcohol, and organic acids.  However, there are 

specialized heterotrophic bacteria capable also of decomposing hydrocarbons and other 
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substances by emitting exoenzymes.  Hydrocarbons are difficult to decompose and the 

decomposition processes would not be able to take place as effectively without the 

functions carried out by these microorganisms. 
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CHAPTER 3:  SITE DESCRIPTION 

The selected beach was located at the Bon Secour National Wildlife Refuge.  The beach 

coordinates are 30°13.763' N, 87°48.802' W (Figure 4) and it is approximately 110 miles 

northeast of the DWH well.  The beach faces the open Gulf of Mexico waters and is 

subjected to wave action. 

 
 

 
Figure 4.  Location map, magnified.  Top left image is the farthest out and bottom right is most 

zoomed in to beach location.  Yellow pin in all images is the study location at Bon Secour National 

Wildlife Refuge, Alabama.   

 

 

The beach topography (Figure 5) was surveyed using an electronic total station 

(SET330R3, SOKKIA CO. LTD, Japan). The beach slope was more or less constant and 

almost flat landward of BSPW3.  Seaward of this well, the beach became steep and the 

beach slope was almost 10%.  The selection of the transect was based on the SCAT 

(Shoreline Cleanup Assessment Technique) data obtained.   
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Figure 5.  Right, top view of the beach on Bon Secour (BS) showing the topography. PW1 to PW4 are 

piezometer wells (i.e., water level wells). MP1 to MP4 are multiport wells through which water 

samples were taken. Left panel shows the topography in 3D. 
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CHAPTER 4:  SAMPLING METHODS 

 

The experimental approach, for this study, was to place a multiport sampling well (SW), 

a piezometer well (PW) and a sampling box (SB) in the beach for each area; this study 

had a total of four units in one transect that were set perpendicular to the shoreline.  The 

multiport sampling well was used to collect water samples for nutrient, salinity and pH 

analysis at different depths within the beach.  The slotted PVC pipe, used for the PW, 

acted as a protective sleeve for the pressure transducer; it allowed the water to move to 

the sensor while keeping the sediments out.  The sampling box was made out of PVC and 

was able to contain about 200mL, which was adequate for DO sampling.   

 

4.1  Multiport Sampling Wells 

 

The multiport sampling wells (Figure 6) were driven through the sandy beach using 

either a vibrating core head or hammered by a donut-shaped hammer that rested on the 

top flange of the stainless steel pipe.  They were labeled as BSMPX, where the labeling is 

as follows:  BS=Bon Secour, MP=Multiport, X=Number in the Transect with 1 being 

most landward and 4 being most seaward.   
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Figure 6.  Multiport transect profile and the location of observed oil 

 

The multiport sampling wells (Figure 7) were made of stainless steel and contained 

sampling ports (SP) at various levels.  The ports were spaced at the interval of 0.19m and 

were labeled A, B, C, and D from the bottom up.  Each port was connected via a steel 

tubing that extended to the top of the pipe.  A 1/8 inch inner diameter Tygon tube (Cole-

Parmer, Vernon Hills, IL) was placed on each of the steel tubings, and it was connected 

to a Luer-Lok three-way valve (Cole-Parmer, Vernon Hills, IL) for sampling.  The ports 

were wrapped with fine stainless-steel screen to prevent blockage by fine sediments 

during withdrawal.   
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Figure 7.  The schematic detail of the multiport well. The deepest port was labeled A, and the next 

port was 0.19m (19cm) above the lower port; this allowed field personnel to withdraw samples at 

various depths.  

 

4.2  Piezometer Wells 

 

At a distance of four feet to the right of each multiport sampling well (facing landward), a 

hole was drilled into the sediments using a five foot deep auger bit and a PVC pipe was 

placed in it; this PVC pipe was the piezometer well.  They were labeled as BSPWX, 

where the labeling is as follows:  BS=Bon Secour, PW=Piezometer Well, X=Number in 

the transect with 1 being most landward and 4 being most seaward.  These wells were 

used to measure water level in the study.  The drilling, to place these wells, occurred 
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during low tide to ensure maximum stability of the walls of the hole.  Only the lower 

0.152m (6 inches) of the PVC pipe was slotted to minimize vertical exchange of solute; 

such an approach had been used in the investigation of the Exxon Valdez oil spill 

(Boufadel et al., 2010; Sharifi et al., 2010).  

 

 

Figure 8.  Photo of the beach looking seaward. The wells on the right of this figure with the Tygon 

tubes on the top are the multiports. The steel pipes on the left of the figure contain pressure sensors 

to measure the water level and water temperature.  
 
 

The PVC pipe, for the piezometer well, had an inner diameter of one inch.  The pressure 

transducer (Mini-Diver DataLogger, Schlumberger, Sugar Land, TX) was placed in the 

bottom of each PVC pipe to record the water pressure at 10 minutes intervals.  The 

barometric pressure, monitored by an air-pressure sensor (DL-500 BaroLogger, 

Schlumberger, Sugar Land, TX), subtracted the readings of the pressure transducer to 

obtain the water level.   
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Figure 9.  Piezometer wells and multiports together. The solid line, dashed dotted line and dotted 

lines show the beach surface at the first, second and the third trips, respectively. Storms affected the 

beach profile around and seaward of BSPW3. 

 

 

4.3  Sampling Box for Dissolved Oxygen 

 

For sampling oxygen, a four inch hole was drilled into the sediments and the inner part of 

the DO Box (the 2 inch pipe capped with white caps, Figure 10) was lowered into the 

drilled hole which was then filled with sand. We assumed that the disturbance due to the 

excavation would vanish after a week.   

 

In order to measure the dissolved oxygen (DO), a Thermo Scientific RDO optical probe 

and an ORION 4 Plus handheld meter (Thermo Scientific, Beverly, MA) were used.  The 

water was pumped from the sampling boxes into a measuring chamber using a peristaltic 

pump (Masterflex, Cole-Parmer, Vernon Hills, IL) and the water was allowed to 

overflow from the measuring chamber.  The measuring chamber was 6.0 cm long and 5.0 

cm (2 inch) (ID) PVC pipe Schedule 40.  The volume was thus around 120 ml.  To the 
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top and bottom of the pipe were glued half inch thick fiberglass plates. Silicon glue was 

used to ensure no water or air leakage at the contact of the pipe and the fiberglass plates.  

One hole (5/8 inch ID) was drilled in each of the top and bottom plates for the water to 

flow in and out of the chamber.  Inflow to the chamber was from the bottom plate and the 

outflow was from top.  Brass pipes and connections were used at the connections and all 

of the connections were sealed with Teflon tape.  In addition, another hole (3/4 inch ID) 

was drilled in the middle of the top plate and threaded so the DO probe would be able to 

be screwed into the measuring chamber.  A Teflon tape was rolled around the DO probe 

to seal the probe in the place.  

 

 

Figure 10.  The DO (dissolved oxygen) box for measuring oxygen within sediments. 
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4.4  Sediment Cores 

 

A core device was used and is recommended for projects in which it is critical to 

maintain the integrity of the sediment profile, because they are considered to be less 

disruptive.    

 

To obtain sediment specimens for grain size distribution, the sediments were collected 

from a distance from within the PW's.  Regarding moisture content and biological 

activity within the sediments, these samples were collected next to each of the multiport 

wells, within a radius from the stainless steel piping.  A two-inch polycarbonate pipe was 

driven into the sand by using a sand corer (Ogeechee Sand-Pounder, Wildco Supply, 

Yulee, FL).  The pipe was clear allowing the personnel to see the oil layer/s (if present).  

The pipe was cut diametrically along its length using a band saw to get the specimens out 

for analysis. 
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Figure 11.  Sediment corer used to extract samples. 

 

 

 
 

Figure 12.  Orange capped pipe was the two inch polycarbonate pipe that was driven into the sand 

via the sand corer. 
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CHAPTER 5:  SAMPLING PROCEDURES 

 

The following parameters were analyzed in this study:  DO, temperature, nutrients, 

salinity and pH of the pore-water samples, grain size distribution, moisture content and 

biological activity. 

 

DO levels and temperature were measured in the field while the nutrient concentrations, 

salinity, pH, grain size, moisture content and biological activity were determined in the 

lab. 

5.1  Dissolved Oxygen 

 

For sampling of the dissolved oxygen, one end of the Masterflex tubing (peristaltic pump 

tubing, Masterflex, Cole-Parmer, Vernon Hills, IL) was lowered to the bottom of the 

sampling box and the other end was connected to the inflow of the measuring chamber.  

Then the peristaltic pump was started and the flow rate adjusted to have a steady flow 

with no air bubbles. After 10 minutes of running the pump, the read DO value was 

considered as representative of the pore water. 
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Figure 13.   Schematic of operation for oxygen measurement. 
 

5.2  Temperature 

 

The water that was pumped from the one end of the Masterflex tubing, that was inserted 

into the inner DO chamber, to the peristaltic pump, was used to record temperature.  

After the 10 minute waiting period for the DO measurement, the temperature was 

recorded and was considered a representative value.  These numbers were recorded in the 

field.    
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5.3  Nutrient, Salinity and pH 

 

Nutrient samples were collected from different ports of the multiport sampling wells 

(SW) and at different times, depending on accessibility (due to tide level) and resources.  

The water samples were collected using sterilized 60 ml syringes (BD Luer-Lok, Fisher 

Scientific, Pittsburgh, PA) each time.  The persons taking the samples wore disposable 

lab gloves (nitrate free).  The sampling started from the shallowest port and moved to the 

deeper ports. The samples were placed in 30 ml high density polypropylene bottles 

(Nalgene, Fisher Scientific, Pittsburgh, PA), which were acid washed (in 10 percent HCl 

acid bath for 18 hours) and rinsed 3 times with DI water prior to the field sampling.  The 

first volume (60 mL in the syringe) taken from each port was wasted.  An additional 

volume of 25 ml was used to rinse the bottles.  Once the rinsing was finished, the 

remaining water in the syringe was disposed of, and new water sample was taken from 

the port using the same syringe and emptied into the rinsed bottle.  The bottles were filled 

up to the neck to leave enough room for expansion during freezing.  All bottles were 

labeled indicating the SW/depth, time and date of sampling.  The samples were kept 

cooled in ice filled cooler on the beach and were immediately frozen in -5 °C freezer 

within 4 hours (US Environmental Protection Agency, 1983).  The samples were air 

shipped to Temple University in Dry Ice to keep them frozen at all time during shipping.  

Once in the lab, the samples were kept in a dark, -20 °C freezer prior to the analysis 

(Dore et al., 1996).  Seven measurements were made in the lab: ammonia (NH3,), Nitrite 

(NO2,), Nitrite/Nitrate (NO2/NO3), Phosphate (PO4), Silicate (SiO2), salinity and pH.  
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5.4  Sediments 

 

Sand samples were collected during the three trips from this study.  For grain size 

distribution, sediments were extruded from the beach using a sand corer that was 

disinfected with ethanol (Fisher Chemical, Pittsburgh, PA) prior to any withdrawals in 

order to avoid cross contamination (US Environmental Protection Agency, 2001).  These 

samples were collected from around the PW's at a distance of no more than 0.31 m.   

 

For moisture content and biological analysis, the sediments were withdrawn using the 

same approach for the grain size distribution samples with the exception of the 

withdrawal's being taken within a radius of 0.31 m from the stainless steel tubing of the 

multiport SW's.   

 

Each time the sand corer was disinfected with an ethanol rinse and allowed to dry for a 

minimum of five minutes to allow the ethanol to evaporate in the open air.  After the sand 

corer was placed in the location and hammered into the sand, the personnel withdrew the 

corer out of the location and retrieved the polycarbonate sleeve out of the corer.  With the 

untouched sediments inside, using ethanol washed gloves, the personnel capped it and 

placed it into a cooler that was located on the beach.  Samples were kept on ice packs in 

the cooler, for a short time, as these samples were the last to be taken during each visit.  

They were cut with an ethanol washed band saw in order to separate the defining depths 

from each location and each section was then transferred to a pre-labeled, sterilized, 

plastic 50mL centrifuge tube (Corning Life Sciences Plastics, Corning, NY) with the 

date, time and specific depth along with corresponding sample name.  All spatulas and 
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any other utensils that come in contact with sediment samples were ethanol rinsed as 

well.   

 

The samples were then air shipped to Temple University, overnight, at a temperature  

between 0 to 6°C surrounded by frozen ice packs in order to maintain the integrity of the 

microbiological samples during shipping.  Once in the lab, the samples were processed 

immediately upon reception from the overnight carrier, within 24 hours of the initial 

collection.  Four measurements were made in the lab:  Total Heterotrophic Plate Count 

(TH), an Alkane degrading bacteria plate count (ALK) and PAH degrader bacteria plate 

count (PAH) in addition to the ATP determination for each sample collected.   
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CHAPTER 6:  ANALYSIS:  NUTRIENT, SALINITY AND PH OF 

THE PORE-WATER SAMPLES 

 

The nutrient compounds were measured using AutoAnalyzer3 (Seal Analytical, Mequon, 

WI).  The frozen samples were defrosted and kept in the fridge (below 4°C) in batches of 

76 samples.  At the time of analysis, the samples were taken out of the fridge, hand 

shaken for 15 seconds and passed through 0.45 micron PTFE membrane filter 

(PuradiscTM, Whatman, Florham, NJ) into the AutoAnalyzer3 cups.  The segmented 

flow method was used in Autoanalyzer3 and the concentrations were detected by 

colorimetric analysis.  Ammonia was measured using the Berthelot reaction where a 

blue-green colored complex formed and was measured at 660 nm wavelength.  Nitrate in 

the solution was reduced to nitrite by a copper-cadmium reactor column (Grasshoff et al., 

1999; Seal Analytical, 2008).  The nitrite was then reacted with sulfanilamide under acid 

condition to form a purple azo dye.  The color was detected in 550 nm wavelength 

(Grasshoff et al., 1999; Seal Analytical, 2008).  Phosphate was measured following the 

Murphy and Riley method until a blue color was formed by reaction of orthophosphate, 

molybdate ion and antimony ion followed by a reduction with ascorbic acid at a pH<1.  

The blue complex was read at 880 nm wavelength (Grasshoff et al., 1999; Seal 

Analytical, 2008).  The soluble silicate was determined in this method based on reduction 

of siliconmolybdate in acidic solution to molybdenum blue by ascorbic acid.  The 

complex was read at 820 nm wavelength (Grasshoff et al., 1999; Seal Analytical, 2008).   

 

The salinity of the same pore-water samples were measured using a digital refractometer 

(Salinity-300035, Sper Scientific, Scottsdale, AZ).  The samples were filtered and about 
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1.5mL of sample was poured into the measuring cup of the instrument and the salinity 

was determined based upon the refraction index of the sample.  The refractive index of 

the samples is affected by the density of each sample which would be different depending 

on the salinity.  

The pH of the pore-water samples were measured using an ORION 4 Plus bench-top pH-

meter (Thermo Scientific, Beverly, MA).  
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CHAPTER 7:  ANALYSIS:  SEDIMENT CORES 

7.1  Grain Size Distribution 

The sediment samples were obtained at various depths and were sieved in the lab in order 

to generate the particle size distribution.  In this study, the grain size distribution of 

sediment samples collected from each well at different depths was obtained according to 

the procedure ASTM D422-63. 

In Figure, 14, the grain size versus percent passing yields the following designations:  

D10,  D30 and D60. 

 

Figure 14.  Grain Size Distribution from Bon Secour. 
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D10  is the grain diameter at 10% passing, D30 is the grain diameter at 30% passing and 

D60 is the grain diameter at 60% passing.  Using these designations, we obtained the 

following information in order to properly categorize the beach:   

The coefficient of uniformity, Cu:   

Cu = D60/D10 

and the coefficient of curvature, Cc:   

Cc = (D30)
2
/(D10 x D60) 

 

In Table 1, the Cu and Cc are listed for each sample.  The average Cu was found to be 

2.076 and the average Cc was found to be 1.013.  After each was calculated, they were 

compared to published gradation criteria and according to the Unified Soil Classification 

System (USCS), the sediments throughout the beach in this study are considered well 

graded and non-uniform giving them the designation of SW (sand, well graded), SM 

(sand, silty fines).   
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Table 1.  Bon Secour Grain Size Coefficients. 

Bon Secour Grain Size Coefficients 

Well Location  Cu Cc 

BSPW1-2 2.051 1.899 

BSPW2-1 1.677 1.154 

BSPW5-1 1.853 1.119 

BSPW3-1 1.739 1.100 

BSPW1-1 1.728 1.189 

BSPW4-1 1.780 1.138 

BSPW1-3 2.283 0.741 

BSPW3-3 1.771 1.018 

BSPW4-3 1.910 1.176 

BSPW2-3 8.782 1.396 

BSPW3-2 1.872 1.013 
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7.2  Most Probable Number (MPN) 

 

In order to characterize biodegradation potential using the collected sediments, 

enumeration of hydrocarbon degrading bacteria was accomplished, most reliably, by 

MPN procedures (Wrenn and Venosa, 1996), because non-hydrocarbon degrading 

bacteria cannot grow on impurities even if they are present in highly purified agars 

(Walker and Colwell, 1976; Sexstone and Atlas, 1977; Mills et al. 1978; Randall and 

Hemmingsen, 1994).   

 

Using a method for separately estimating the populations of alkane and PAH-degrading 

bacteria by MPN, takes into account two major fractions of the crude oil makeup, one 

easily degraded, alkanes, and the other more resistant to biodegradation, PAH's.  Another 

method used for evaluation was the amount of total heterotrophic bacteria present.  This 

assay is useful because it is independent of the alkane and PAH enumeration plates and 

this procedure is an estimate of the number of live heterotrophic bacteria, those that use 

organic compounds for most or all of their carbon requirements.   

 

In order to process the sediment samples for analysis, a solution of 0.1% sodium 

pyrophosphate was prepared and the pH was adjusted to 7.5 by the addition of either a 

0.1M solution of sodium hydroxide or hydrochloric acid; this solution was autoclaved 

before use at 121
o
C for 30 minutes.  Upon reception, the samples were shaken for 

approximately 3 minutes each, in their respective centrifuge tubes, in order to 

homogenize and uniformly distribute the sediments inside.   
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A two gram sample, for each sample, was attempted and the weight was recorded on a 

top loading balance in a pre-autoclaved 16-mm x 125-mm screw cap test tube (Fisher 

Scientific, Pittsburgh, PA).  The labeling was as follows for each sample in the lab:  BSX-

1, BSX-2 and so on, where the labeling identifies:  BS=Bon Secour, X=sample, -

1=dilution represented in the serial dilution.  After the completion of the recorded weight, 

10mL of the pH-adjusted pyrophosphate solution was added to the tube (-1).   9ml of the 

same pH-adjusted pyrophosphate solution was added to seven additional pre-autoclaved 

16mm x 125mm screw cap test tubes for every sample that was tested in order to perform 

the serial dilutions.    

 

All lab equipment was sterilized prior to use and continuously, using ethanol and all 

medium was considered sterile prior to use.  Ethanol-washed disposable gloves were used 

when handling the sediments and making the dilutions.  After the sediments and solution 

were in each (-1) tube, the caps was securely closed and placed horizontally in a wire 

rack attached to an orbital shaker.  The tubes were packed into the rack so they did not 

move during shaking.  The tubes were shaken for one hour at 300 rpm to detach the 

bacteria from the sediments.  After the shaking was complete, the tubes containing the 

samples, tube (-1), were placed in a test tube rack that also contained the series of sterile 

test tubes containing the 9ml of pH-adjusted pyrophosphate solution, seven in all per 

sample.  It was convenient to arrange the test tubes, in such a way, that each long row of a 

test tube rack contained one test tube with a sediment sample, tube (-1)  and 7 test tubes 

that were used for the serial dilutions, tubes (-2, -3, -4, -5, -6, -7, -8); each tube in the rack 

was labeled with its proper dilution level prior to performing the serial dilutions.   
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As mentioned before, the other tubes in the row were labeled as (-2), (-3) etc.. in order to 

represent the dilution level (i.e., 10
-2

), (i.e., 10
-3

), etc.  After the large sediment particles 

had settled, approximately 3 minutes for each sample, aseptic technique was used to 

transfer 1.0mL of the suspension from the tube containing the sediment sample to the 

second tube in the row.  The cap was securely closed and the tube was shaken vigorously 

for about 10 seconds.  The pipet tip was then replaced with a new sterile tip and 1.0mL of 

the resulting suspension was transferred to the next tube in the sequence.  The process 

was repeated until all samples were diluted to the level of 10
-8

 relative to the original 

sediment sample.  This process resulted in 10-fold serial dilutions; the concentration of 

bacteria is reduced by a factor of 10 in each subsequent dilution.  The serially diluted 

samples were inoculated into the MPN plates immediately after the dilutions were 

performed.  An 8-channel pipet was used to inoculate each row of the appropriate plate 

with 20µl of the appropriate dilution.  Ethanol-washed disposable gloves were used 

during the application of the inoculate.  A fresh set of tips was used for each dilution 

application.   

 

Since three plates were used for our testing purposes, it was convenient to inoculate the 

alkane-degrader, PAH-degrader plate and the Total Heterotrophic Count plate for a single 

sample at the same time.  Since we made only one set of dilutions, each dilution was used 

to inoculate the three plates for every sample.  Always beginning, from the most dilute 

dilution, the 10
-8

 dilution, the inoculate was plated in the three different microtiter plate.  

The contents of the most dilute sample, 10
-8

, was poured into a sterile multichannel pipet 

reagent reservoir.  An initial 20l of the diluted sample was placed into each channel and 

dispensed it into the appropriate row of the alkane-degrader MPN plate, first.  A second 
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20l aliquot of the same diluted sample was then drawn into each channel again and 

dispensed it into the appropriate row of the PAH-degrader MPN plate.  And for a third 

and final time, the last 20l was dispensed into the Total Heterotrophic Count plate.  

After all three number 8 rows, in each plate, were inoculated, the pipet tips were replaced 

with new sterile tips and for each dilution, the same procedure was performed, working 

from most dilute to most concentrated; from row 8 to row 1.  The lids on the MPN plates 

were replaced while changing pipet tips and reagent reservoirs between each dilution to 

prevent contamination.  Also, all plates were inoculated in a laminar flow cabinet.  This 

was an enclosed bench space designed to prevent contamination of biological samples.  

In this design, the air is drawn through a HEPA filter and blown in a very smooth, laminar 

flow towards the user.  The cabinet was made of stainless steel with no gaps or joints 

where spores might have collected.  Also, to serve as a control for our experiments, row 9 

remained un-inoculated to serve this purpose.  Row 9 was given the applicable growth 

mediums for each plate but was not inoculated.   

 

After the incubation period for each assay had lapsed, the number of alkane and PAH 

degraders in addition to the amount of TH's present in the initial sample, tube (-1) were 

estimated by determining the number of wells in each row of dilutions that show 

evidence of microbial growth.  Positive wells were visually identified after the incubation 

periods.  The number of positive wells in each row was then input into a computer 

program (http://www.i2workout.com/mcuriale/mpn/index.html) that used a standard 

algorithm to provide an estimate of the most-probable number (MPN) concentration of 

bacteria in the initial dilution.  Klee (1993) showed that using a computer program in 
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order to calculate the MPN for each category in addition to the 95% confidence interval 

was most reliable.   

 

The pattern of positive wells were consistent with increasing dilution.  Generally 

speaking, we should have expected to see a series of rows for which all wells were 

positive for growth followed by one or two rows with progressively smaller numbers of 

positive wells, followed by a series of rows for which all wells were negative for growth.  

An example of this would be the following:  a pattern such as 8-8-8-5-2-0-0-0 (where the 

number indicates the number of positive rows and the dilution increases from left to 

right), would have been normally seen.    
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7.2.1  Alkane-Degrader MPN Plate (ALK) 

 

Bushnell-Haas medium (Difco Products, Detroit, Mich.) supplemented with 2% NaCl 

(BH) was used as the growth medium (200µL/well) for this assay.  The pH was checked 

and adjusted to 7.0 + 0.2.  The solution was autoclaved for 15 minutes at 121
o
C in order 

to be sterile before use.   

 

After inoculating all of the ALK plates, 5L of filter-sterilized hexadecane was added to 

each well of the alkane-degrader plates.  In order to accomplish this, filter-sterilized 

hexadecane was transferred to a sterile, chemically resistant multichannel pipet reagent 

reservoir.  Pipet tips were attached to an 8-channel pipet and use it to transfer the 

hexadecane.  Again, beginning at the highest dilution, row 8 and proceeding to the lowest 

dilution row 1, the hexadecane was applied.  Pipet tips were changed between samples.  

After the plates were completely inoculated, they were packaged in ziplock bags and 

incubated in the dark at room temperature.  

 

After the two week incubation period, Iodonitrotetrazolium violet (INT) (Acros, 

Organics, Geel, Belgium) was added and used to identify positive wells in the alkane 

degrader plates (Wrenn et al., 1996).  In order to accomplish this, 50µL of filter sterilized 

INT (3g/L) was added to each well.  A multichannel pipet reagent reservoir was used and 

pipet tips were attached to an 8-channel pipet and use it to transfer the INT.  Again, 

beginning at the highest dilution, row 8 and proceeding to the lowest dilution row 1, the 

INT was applied and the pipet tips were changed between samples.  After the plates were 

completely inoculated with INT, they were repackaged in the initial ziplock bags and 
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incubated in the dark, at room temperature, overnight.  Positive wells were scored the 

next day.  In positive wells, INT is reduced to an insoluble formazan that deposits 

intracellularly as a red precipitate.  The alkane-degrader plates were scored for positive 

wells after 2 weeks and 1 day.   

 

Figure 15 shows an example of an ALK plate assay after it has been inoculated, INT has 

been applied after the incubation period and it is ready for visual scoring.   

 

Figure 15.  MPN-ALK degrader plate ready for scoring. 
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7.2.2  PAH-degrader MPN Plate (PAH) 

 

A mixture of three PAHs were used in the PAH-degrader MPN plates.  The substrate 

mixture was added to the microtiter plates as a solution in pentane (40µL/well) before the 

plates will be filled with the growth medium.  The mixture consisted of 10g/L
 

phenanthrene, 1g/L
 
fluorene, and 1g/L dibenzothiophene.  Pentane evaporates rapidly, 

depositing the PAHs onto the surfaces inside each well.  Bushnell-Haas medium (Difco 

Products, Detroit, Mich.) supplemented with 2% NaCl (B-H) was used as the growth 

medium with an additional 0.02% yeast extract being added to the PAH plate 

(200µL/well).  The solution was autoclaved for 15 minutes at 121
o
C in order to be sterile 

before use.  Pipet tips were changed between samples.  After the plates were completely 

inoculated, they were packaged in ziplock bags and incubated in the dark at room 

temperature.   

 

The PAH-degrader plates were incubated for 3 weeks and no reagent was added to them 

in order to score them for positive wells.  Wells that are positive for growth of PAH 

degraders are identified by the formation of colored byproducts of PAH metabolism; 

yellow, brown, and green.  In most cases, growth is supported by phenanthrene and 

fluorene or dibenzothiophene; they are co-metabolized into a colored product.  A sheet of 

clean white paper, under good lighting, was used to distinguish color formations. 
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Figure 16 shows an example of an PAH plate assay after it has been inoculated and after 

the incubation period.  

 

Figure 16.  MPN-PAH degrader plate ready for scoring 
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7.2.3  Total Aerobic Heterotrophic MPN plates (TH) 

 

For the total aerobic heterotrophic MPN plates, a YPTG medium (yeast extract [0.5g/L], 

peptone [0.25g/L], Trypticase [0.25g/L], glucose [0.5g/L], MgSO4- 7H2O [0.6g/L], CaCl2-

2H2O[0.07g/L]) (Balkwill and Ghiorse, 1985) was used as the growth medium 

(200µL/well) for this assay.  The solution was autoclaved for 15 minutes at 121
o
C in 

order to be sterile before use.  Pipet tips were changed between samples.  After the plates 

were completely inoculated, they were packaged in ziplock bags and incubated in the 

dark at room temperature.   

 

After the two week incubation period, Iodonitrotetrazolium violet (INT) (Acros, 

Organics, Geel, Belgium) was added and used to identify positive wells.   50µL of filter 

sterilized INT (3g/L) was added.  Positive wells were scored after an overnight, room 

temperature incubation with INT.  The TH plates were scored for positive wells after 2 

weeks and 1 day.   
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7.3  Adenosine-5-triphosphate (ATP) determination 

 

Measurement of total ATP, a proxy for the estimation of the microbial biomass, is an 

independent assay in order to measure the energy carrier in living cells.  While alive, cells 

produce ATP continuously.  Very actively growing organisms will have relatively high 

levels of ATP per cell, compared to slow growing or dormant populations (e.g., 

populations in low-nutrient environments) which will have much lower levels of ATP per 

cell.  Without ATP, bacteria are unable to maintain cell integrity; this leads to cell 

expiration.  When cells are killed, their ATP rapidly decreases.  Thus, ATP can be used to 

monitor levels of metabolically active organisms in a sample.  This method detects all 

bacteria - aerobic and anaerobic.  There is no bias from growth medium composition or 

conditions. 

 

Because less than 1% of microorganisms in the environment are not cultivable in the lab,  

we used this assay to validate our findings that were conducted by use of MPN.  The 

reasoning behind the less than 1% cultivation rate in the lab is due to what is called the 

Great Plate Count Anomaly, in which counts of cells by cultivation are usually much 

lower, sometimes orders of magnitudes, than those from direct cells count methods.  

Possible reasons for this phenomenon include:  1.)  differing nutritional requirements of 

the bacteria, 2.)  the bacteria may enter a non-cultivatable resting state or 3.)  the 

organism may rely on other organisms and cannot be cultivated in isolation.  

 

A one gram sample, for each sample, was attempted and the weight was recorded on a 

top loading balance.  The sample was weighed in a pre-autoclaved 16mm x 125mm 
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screw cap test tube (Fisher Scientific, Pittsburgh, PA).  The labeling was as follows for 

each sample in the lab:  BSX, where the labeling identifies:  BS=Bon Secour, X=sample 

for that date.  After the completion of the recorded weight, the sediments were then 

suspended in 7.5mL of sterile phosphate buffer saline 1X (PBS), (Fisher Scientific, 

Baltimore, MD).  They were then subjected to horizontal shaking for an hour at 300 rpm 

securely fastened to an orbital shaker.  After removal from the shaker, the suspension was 

then allowed to settle for 5 minutes and an aliquot, 100µL, of supernatant was placed into 

a labeled microtube (Fisherbrand Snap-Cap, Microcentrifuge Tubes, 1.5mL, Pittsburgh, 

PA).  In this microtube, the lysis buffer, 100µL, was mixed with the aliquot of the 

supernatant.  The microtube was then subjected to gentle agitation for another 5 minutes 

at 150 rpm.  This procedure was performed in triplicate for each sample analyzed.  Also, 

a control blank was used, in triplicate, to validate the results.  The samples were analyzed 

using BacTiter-Glo™ microbial viability assay (Promega, Madison, WI).  

Bioluminescence, light emission, was used to estimate the number of viable living cells 

in the sediments.  It was recorded on a Modulus Luminometer 9200 (Turner Biosystems) 

and was measured in Relative Light Units (RLU).  The RLU reading from the instrument 

is directly proportional to the amount of ATP in the sample, which, in turn, is a function 

of the number of bacteria in the sample and their metabolic activity.   
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Figure 17.  Adenosine triphosphate diagram.   
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7.4  Moisture Content 

 

The method used in the laboratory, determined the moisture content of the sediments as a 

percentage of its oven-dried weight (SAA, 1977).  This method removed moisture by 

oven-drying the sample until the weight remained constant.  The moisture content 

percentage was calculated from the sample weight before and after its drying.  A 

thermostatically controlled oven was used and a temperature between 105°C and 110°C 

was maintained.  A thirty gram sample, for each sample, was attempted and the weight 

was recorded on a top loading balance.  Numbered aluminum weighing dishes with tight-

fitting lids were used.  A desiccator containing anhydrous silica gel was necessary for 

drying purposes.    

 

The procedure involved having the clean, dry aluminum dishes and taking their initial 

weight for each sample (W1).  The sample was then placed in the weighing dish and had 

its lid applied.   The weight of the dish, with its lid and its contents, were recorded (W2).  

The lid was then removed and the weighing dish with its contents inside, were placed in 

the oven to dry with the temperate being between 105°C and 110°C.  The drying time, 

approximately 16 hours, was determined to be overnight for this study.  The tin was then 

removed, with its contents from the oven, the lid was replaced and moved to the 

desiccator to cool overnight.  The weighing dish, with its lid and the contents inside was 

then weighed for a final time (W3). 

 

The moisture content of the sediments (Table 2) were calculated as a percentage of the 

dry sediments weight using the following equation:  
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MC% = (W2-W3)/(W3-W1) x 100 

 

where W1 = weight of the aluminum dish (g), W2 = weight of the moist sediments plus 

the dish (g) and W3 = weight of the dried sediments plus the dish (g)  

 
 

Table 2.  Bon Secour Moisture Content Results. 

   

 

 

 

 

 

 
 
 
 
 
 
 
  

Bon Secour Moisture Content - 12/13/2010 

Sampling Well % Moisture 

MP1TOP 2.08 

MP1MID 3.76 

MP1BOT 4.05 

MP2TOP 1.99 

MP2MID 2.32 

MP2BOT 3.25 

MP3TOP 2.48 

MP3MID 18.35 

MP3BOT 16.67 

MP4TOP 2.39 

MP4MID 4.11 

MP4BOT 16.02 

Bon Secour Moisture Content - 12/30/2010 

Sampling Well % Moisture 

MP1TOP 1.87 

MP1MID 2.64 

MP1BOT 3.56 

MP2TOP 1.84 

MP2MID 1.51 

MP2BOT 2.98 

MP3TOP 3.15 

MP3MID 15.46 

MP3BOT 13.89 

MP4TOP 3.96 

MP4MID 4.08 

MP4BOT 14.74 

Bon Secour Moisture Content - 01/26/2011 

Sampling Well % Moisture 

MP1TOP 1.72 

MP1MID 3.11 

MP1BOT 3.59 

MP2TOP 1.31 

MP2MID 2.68 

MP2BOT 2.83 

MP3TOP 3.22 

MP3MID 17.45 

MP3BOT 14.62 

MP4TOP 2.17 

MP4MID 4.45 

MP4BOT 12.94 
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CHAPTER 8:  RESULTS--MICROBIAL ASSAYS 

 

The microbial results are divided into four sections.  Section 8.1 describes the discussion 

points and results for MPN-ALK while Section 8.2 describes the discussion points and 

results for MPN-PAH and Section 8.3 describes the same for MPN-TH.  Section 8.4 

describes the results and applicable points relating to ATP determination. 

   

8.1  MPN-ALK 

 

Hydrocarbons differ in their susceptibility to microbial attack.  The susceptibility of 

hydrocarbons to microbial degradation can be generally ranked as follows: linear alkanes 

> branched alkanes > small aromatics > cyclic alkanes (Ulrici, 2000; Perry, 1984).  

Microorganisms degrade all of the possible and available hydrocarbon molecules.  It has 

been noted that there is a definite preferential use of certain chain lengths of aliphatic 

hydrocarbons; the utilization of n-alkanes (non-branched alkane hydrocarbons) is 

reasonably well established.  n-alkanes are one of the main constituents of oil 

contaminations (Hinchee et al., 1994) and long-chain n-alkanes (C10-C24) are degraded 

most rapidly.   
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In the following figure, Figure 18, the hierarchy and bonding commitments of common 

alkanes are shown.   

 

 
Figure 18.  Aliphatic Hydrocarbon Information 

 

 

 

This first assay was used to evaluate the easiest of the hydrocarbons that are available to 

bacteria for consumption due to their structure, the single bond.  Table 3, shows the 

numbers calculated using the estimation of alkane degrading bacteria by MPN for the 

three dates conducted during this field study.    
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Table 3.  MPN-ALK estimates from all three dates. 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

MPN-ALK Estimation 

  December 13, 2010 

  # Cell ALK/g 95% CI 

1 TOP 1.24E+04 1.20E+04 
1 MID 5.62E+03 4.50E+03 
1 BOT 5.52E+03 4.72E+03 
2 TOP 3.68E+03 3.13E+03 
2 MID 5.52E+04 4.72E+04 
2 BOT 8.81E+03 8.37E+03 
3 TOP 8.49E+05 1.55E+05 
3 MID 2.98E+04 2.64E+04 
3 BOT 8.70E+03 8.26E+03 
4 TOP 5.28E+04 4.51E+04 
4 MID 1.47E+04 1.56E+04 
4 BOT 1.17E+04 1.62E+04 

MPN-ALK Estimation 

  December 30, 2010 

  # Cell ALK/g 95% CI 

1 TOP 6.55E+03 5.52E+03 
1 MID 3.43E+03 2.97E+03 
1 BOT 3.88E+03 3.28E+03 
2 TOP 3.13E+03 2.71E+03 
2 MID 1.93E+02 1.90E+02 
2 BOT 8.85E+02 8.41E+02 
3 TOP 5.48E+04 4.82E+04 
3 MID 2.96E+04 2.69E+04 
3 BOT 2.03E+04 1.95E+04 
4 TOP 4.38E+04 3.66E+04 
4 MID 9.13E+02 9.00E+02 
4 BOT 5.93E+02 5.15E+02 

MPN-ALK Estimation 

  January 26, 2011 

  # Cell ALK/g 95% CI 

1 TOP 1.86E+05 1.56E+05 

1 MID 2.70E+01 2.26E+01 

1 BOT 3.26E+04 2.72E+04 

2 TOP 1.27E+05 1.07E+05 

2 MID 3.52E+05 2.95E+05 

2 BOT 3.88E+06 3.25E+06 

3 TOP 1.44E+04 1.20E+04 

3 MID 4.57E+06 3.82E+06 

3 BOT 8.99E+05 7.52E+05 

4 TOP 2.75E+01 2.30E+01 

4 MID 1.14E+07 9.54E+06 

4 BOT 3.94E+04 3.30E+04 
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Figures 19, 20 and 21, show the estimation of alkane degrading bacteria (ALK), by MPN, 

that were present in the samples taken during the field study.  Three dates are shown in 

the following figures.  The three depths for each sampling well were analyzed and the 

numbers are presented in each figure.   

 
Figure 19.  Alkane degrader numbers estimated by MPN measurement in sand samples collected 

from Bon Secour on December 13, 2010.  Error bars show the confidence interval at 95%. 
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Figure 20.  Alkane degrader numbers estimated by MPN measurement in sand samples collected 

from Bon Secour on December 30, 2010.  Error bars show the confidence interval at 95%. 

 

 
Figure 21.  Alkane degrader numbers estimated by MPN measurement in sand samples collected 

from Bon Secour on January 26, 2011.  Error bars show the confidence interval at 95%. 
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8.2  MPN-PAH 

 

The ability to distinguish between alkane and PAH degrading bacteria is an important 

feature of MPN procedures because aliphatic (alkanes) and aromatic hydrocarbons appear 

to be degraded by two distinct subsets of hydrocarbon degrading microbial populations 

(Wrenn and Venosa, 1996).  PAHs are environmental pollutants with low bioavailability 

and high persistence in soil.  They may have intermediate biodegradability, but they are 

most concerning due their toxicity and tendency to bioaccumulate in the environment 

(Wrenn and Venosa, 1996).  These compounds are fused ring aromatic hydrocarbons that 

are relatively resistant to biodegradation.  Since some of the larger species are 

carcinogenic, they can pose a significant health hazard. There are more than 70 

compounds classed as PAHs and they have from 2 to 7 rings.  It is the resistance to 

biodegradation incorporating the health aspect and toxicity, that has been the drive behind 

most of the interest in the biodegradation mechanisms and environmental fate of PAHs.  

On the basis of their abundance and toxicity, many PAH compounds have been identified 

by the US Environmental Protection Agency (EPA) as priority pollutants, including 

phenanthrene.  Phenanthrene and dibenzothiophene, a polyaromatic sulphur heterocyclic 

compound, were used in this experiment, along with fluorene, and have been found to 

exist in petroleum (Yang and Zhang, 1997).  Dibenzothiophene was among some of the 

compounds that were most resistant to biodegradation in sediments contaminated with oil 

from the Amoco Cadiz spill (Kropp et al., 1997).   
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In Figure 22, the shown ringed PAH are cause for concern in the environment.  Two of 

the shown PAH's:  phenanthrene and fluorene were used in the PAH degrader assay as the 

growth medium for the studied microorganisms.   

 

 

 
Figure 22.  Common ringed PAH's that are environmental toxins 
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In Table 4, the numbers calculated using the estimation of PAH degrading bacteria by 

MPN for the three dates conducted during this field study, are shown. 

 

Table 4.  MPN-PAH estimates from all three dates. 

MPN-PAH Estimation 

  December 13, 2010 

 
# Cell PAH/g 95% CI 

1 TOP 7.84E+02 7.02E+02 

1 MID 1.19E+04 1.15E+04 

1 BOT 2.73E+04 2.49E+04 

2 TOP 3.74E+02 3.17E+02 

2 MID 6.88E+02 6.15E+02 

2 BOT 3.41E+03 2.96E+03 

3 TOP 5.58E+04 4.47E+04 

3 MID 5.69E+02 4.57E+02 

3 BOT 3.91E+02 3.31E+02 

4 TOP 8.61E+02 7.88E+02 

4 MID 2.42E+03 2.27E+03 

4 BOT 1.37E+02 1.61E+02 

 

 

 

 

 

 

 

 

MPN-PAH Estimation 

  December 30, 2010 

  # Cell PAH/g 95% CI 

1 TOP 1.03E+03 1.00E+03 

1 MID 1.38E+03 1.46E+03 

1 BOT 2.54E+03 2.38E+03 

2 TOP 1.33E+03 1.31E+03 

2 MID 3.93E+02 3.32E+02 

2 BOT 9.19E+01 1.32E+02 

3 TOP 1.58E+02 1.82E+02 

3 MID 1.37E+02 1.57E+02 

3 BOT 1.49E+02 1.71E+02 

4 TOP 7.47E+02 6.69E+02 

4 MID 2.42E+02 2.27E+02 

4 BOT 2.60E+01 0.00E+00 

MPN-PAH Estimation 

  January 26, 2011 

  # Cell PAH/g 95% CI 

1 TOP 4.50E+02 3.77E+02 
1 MID 1.91E+02 1.60E+02 
1 BOT 5.95E+02 4.98E+02 
2 TOP 2.06E+03 1.73E+03 
2 MID 8.67E+02 7.25E+02 
2 BOT 1.04E+03 8.67E+02 
3 TOP 9.13E+03 7.64E+03 
3 MID 1.45E+05 1.21E+05 
3 BOT 1.44E+02 1.20E+02 
4 TOP 1.39E+03 1.17E+03 
4 MID 1.90E+03 1.59E+03 
4 BOT 1.38E+02 1.15E+02 
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Figures 23, 24 and 25, show the estimation of polycyclic aromatic hydrocarbon degrading 

bacteria (PAH), by MPN, that were present in the samples taken during the field study.  

Three dates are shown and each is presented with the four sampling wells and the three 

depths for each well in the following figures.   

 

Figure 23.  PAH degrader numbers estimated by MPN measurement in sand samples collected from 

Bon Secour on December 13, 2010.  Error bars show the confidence interval at 95%. 
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Figure 24.  PAH degrader numbers estimated by MPN measurement in sand samples collected from 

Bon Secour on December 30, 2010.  Error bars show the confidence interval at 95%. 
 

 

 

Figure 25.  PAH degrader numbers estimated by MPN measurement in sand samples collected from 

Bon Secour on January 26, 2011.  Error bars show the confidence interval at 95%. 
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8.3  MPN-TH 

Heterotrophs organisms are ones that cannot make its own food and is, therefore 

dependent on other substances for nutrition.   Heterotrophic bacteria are unable to make 

all the nutrients they need to live and grow.  Their distribution, diversity and activities are 

controlled by many factors.  One such factor, nutrient levels, present in the aquatic 

environment has been well studied in the marine environment regarding heterotrophs 

(Azam et al., 1983; Ducklow and Hill, 1985).  Distribution of heterotrophic bacteria 

depends on changes in water temperature, salinity and their physical and chemical 

surroundings.   

Microorganisms distributed in the marine environment play an important role in the 

decomposition of organic matter and mineralization (Hollibaugh et al., 1980).  Existing 

bacterial communities play a very active role in the breakdown process.  Most important 

to microbial interactions are salinity, dissolved oxygen, pH and nutrients; these are key in 

the biological process.  Whipple and Rohovec (1994) noted that temperature and pH are 

limiting factors for the survival of bacteria in the environment.  Regarding the importance 

and involvement in the biological process, total heterotrophic bacteria have been included 

in this study regarding their involvement in the decomposition of petroleum 

hydrocarbons. 

 

 

 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=organic+matter
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Table 5.  MPN-TH estimates from all three dates. 

           

MPN-TH Estimation 

  December 13, 2010 

  # Cell TH/g 95% CI 

1 TOP 5.76E+05 3.87E+06 

1 MID 4.10E+05 2.15E+06 

1 BOT 1.30E+04 1.40E+05 

2 TOP 8.41E+05 6.24E+06 

2 MID 4.80E+05 3.44E+06 

2 BOT 1.38E+04 1.18E+05 

3 TOP 1.46E+06 1.01E+07 

3 MID 3.57E+04 3.66E+05 

3 BOT 2.67E+04 1.40E+05 

4 TOP 1.33E+05 8.39E+05 

4 MID 1.03E+05 1.23E+06 

4 BOT 2.64E+04 1.89E+05 

 

 

 

  

MPN-TH Estimation 

  December 30, 2010 

  # Cell TH/g 95% CI 

1 TOP 1.80E+06 3.87E+06 

1 MID 1.00E+06 2.15E+06 

1 BOT 6.50E+04 1.40E+05 

2 TOP 2.90E+06 6.24E+06 

2 MID 1.60E+06 3.44E+06 

2 BOT 5.50E+04 1.18E+05 

3 TOP 4.70E+06 1.01E+07 

3 MID 1.70E+05 3.66E+05 

3 BOT 6.50E+04 1.40E+05 

4 TOP 3.90E+05 8.39E+05 

4 MID 5.70E+05 1.23E+06 

4 BOT 8.80E+04 1.89E+05 

MPN-TH Estimation 

  January 26, 2011 

  # Cell TH/g 95% CI 

1 TOP 9.78E+06 8.19E+06 

1 MID 3.95E+06 3.30E+06 

1 BOT 1.05E+06 8.81E+05 

2 TOP 2.00E+06 1.68E+06 

2 MID 3.52E+05 2.95E+05 

2 BOT 1.39E+06 1.17E+06 

3 TOP 8.31E+05 6.95E+05 

3 MID 6.09E+06 5.10E+06 

3 BOT 2.50E+06 2.09E+06 

4 TOP 4.03E+06 3.37E+06 

4 MID 6.01E+06 5.03E+06 

4 BOT 4.53E+05 3.79E+05 
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8.4  ATP 

 

The ATP assay is a highly accurate and sensitive analysis.  Detection limits of this assay 

are in the femtomolar (10
−15

 M) range (Bjorkman and Karl, 2001); it is an attractive 

method for determining the concentration of viable microorganisms in environments that 

contain extremely low densities of microbial mass (Venkateswaran et al., 2003).  By 

analyzing ATP concentrations in samples containing known oil-degrading bacteria and 

values that have been previously determined for specific intracellular ATP concentrations, 

it is possible with great accuracy, to estimate the total quantity of microorganisms in a 

sample. 

It is this need to have a less time consuming analysis, without a large scattering of 

experimental data (Yerushalmi et al., 2003; Cunningham et al., 2004), that was the 

motive behind using ATP determination in this study.  Bioluminescence detection of 

intracellular ATP concentration was used because all living cells accumulate a certain 

level of ATP in order to carry out metabolic processes including cell proliferation 

(Froundjian et al., 1997; Romanova et al., 1997).  The level of ATP in dead cells is 

undetectable. 

The bioluminescence method based on the application of luciferase reaction is rapid, 

highly sensitive and simple to perform (Froundjian et al., 1997; Romanova et al., 1997; 

Girotti and Zanetti, 1998).  A method for ATP extraction from cells in the presence of oil, 

and the correlation of ATP data to the enumeration of Rhodococcus sp. cells in the oil-

containing liquid media has been published previously (Efremenko et al., 2002). 
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In Table 6, the determined values for ATP measurement have been listed along with their 

calculated standard deviations. 

Table 6.  ATP determinations from all three dates. 

 

ATP Determination 

  December 13, 2010 

  # cells ATP/g Std Dev 

1 TOP 6.09E+05 1.21E+04 

1 MID 2.24E+05 1.97E+04 

1 BOT 1.84E+05 2.74E+04 

2 TOP 7.62E+05 2.33E+04 

2 MID 4.62E+05 2.50E+04 

2 BOT 2.46E+05 3.04E+04 

3 TOP 2.87E+06 1.03E+05 

3 MID 2.42E+06 1.02E+05 

3 BOT 3.41E+05 1.33E+04 

4 TOP 4.78E+05 1.52E+04 

4 MID 3.70E+05 5.96E+03 

4 BOT 3.29E+05 1.47E+03 

 

 

 

 

 

  

ATP Determination 

  December 30, 2010 

  # cells ATP/g Std Dev 

1 TOP 2.02E+06 5.80E+04 

1 MID 7.64E+05 6.42E+04 

1 BOT 7.17E+05 2.46E+04 

2 TOP 1.75E+06 8.04E+04 

2 MID 1.14E+06 1.52E+05 

2 BOT 3.34E+06 7.19E+04 

3 TOP 1.03E+07 7.00E+05 

3 MID 1.18E+06 3.72E+04 

3 BOT 1.26E+06 1.14E+05 

4 TOP 3.38E+06 1.18E+05 

4 MID 1.42E+06 5.08E+04 

4 BOT 9.99E+05 8.99E+04 

ATP Determination 

  January 26, 2011 

  # cells ATP/g Std Dev 

1 TOP 2.61E+06 9.98E+04 

1 MID 2.91E+06 9.92E+04 

1 BOT 2.29E+05 5.15E+03 

2 TOP 2.48E+06 2.38E+04 

2 MID 3.65E+06 1.85E+05 

2 BOT 5.74E+05 8.96E+04 

3 TOP 3.49E+06 1.63E+05 

3 MID 1.75E+07 6.08E+05 

3 BOT 3.40E+05 7.30E+03 

4 TOP 4.06E+06 3.72E+05 

4 MID 5.15E+06 2.86E+05 

4 BOT 3.68E+05 2.65E+04 
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CHAPTER 9:  MICROBIAL COMPARISONS 

 

In order to validate our initial question of whether or not these assays were viable in 

determining the age of a contamination event, we needed to compare and contrast each 

assay to have a greater understanding of what transpired.  These measurement are 

expected to help understand the assumed decomposition of the DWH oil and how it is 

progressing.   

9.1  MPN-ALK versus MPN-PAH 

 

With these two fractions available to microorganisms, the following dates of the study 

yielded the comparisons between the two tested.  In Figures 26, 27 and 28, the MPN-

ALK and MPN-PAH degrader numbers were compared to each other.  Again, one 

fraction, ALK, is more easily degraded due to its straight lined structure and the other,  

PAH,  is more resistant to breakdown due to its ringed formation.  

 

Figure 26.  ALK compared to PAH degrader numbers estimated by MPN measurement at Bon 

Secour on December 13, 2010.  Error bars show the confidence interval at 95%. 
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Figure 27.  ALK compared to PAH degrader numbers estimated by MPN measurement at Bon 

Secour on December 30, 2010.  Error bars show the confidence interval at 95%. 

 

 

 

 
Figure 28.  ALK compared to PAH degrader numbers estimated by MPN measurement at Bon 

Secour on January 26, 2011.  Error bars show the confidence interval at 95%. 
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9.2  MPN-TH versus ATP 

 

MPN-TH accounts for the total amount of heterotrophs that were estimated by 

enumeration techniques in each sample.  ATP is a non biased tool that requires no 

cultivation and accounts for all living microorganisms that are active and able to produce 

ATP in their cell structure.  The following figures, Figures 29, 30 and 31, display the 

comparison between the two assays employed for the three dates of the study.   

 

 
Figure 29.  MPN-TH compared to ATP numbers at Bon Secour on December 13, 2010.  Error bars 

show the confidence interval at 95%. 
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Figure 30.  MPN-TH compared to ATP numbers at Bon Secour on December 30, 2010.  Error bars 

show the confidence interval at 95%. 

 

 

 
Figure 31.  MPN-TH compared to ATP numbers at Bon Secour on January 26, 2011.  Error bars 

show the confidence interval at 95%. 

 

  

MPN-TH vs ATP 12/30/2010

1.00E+00

1.00E+01

1.00E+02

1.00E+03

1.00E+04

1.00E+05

1.00E+06

1.00E+07

1.00E+08

1 2 3 4

Sampling Well

#
 o

f 
C

e
ll

s
/g

 S
e
d

im
e
n

t

TH 0-0.076m

TH 0.076m-0.254m

TH 0.254m-0.457m

ATP 0-0.076m

ATP 0.076m-0.254m

ATP 0.254m-0.457m

MPN-TH vs ATP 01/26/2011

1.00E+00

1.00E+01

1.00E+02

1.00E+03

1.00E+04

1.00E+05

1.00E+06

1.00E+07

1.00E+08

1 2 3 4

Sampling Well

#
 o

f 
C

e
ll

s
/g

 S
e
d

im
e
n

t

TH 0-0.076m

TH 0.076m-0.254m

TH 0.254m-0.457m

ATP 0-0.076m

ATP 0.076m-0.254m

ATP 0.254m-0.457m



 

64 

9.3  MPN-TH versus MPN-ALK 

 

Since alkanes are more readily available for consumption, microorganisms have a 

tendency to utilize them first versus other petroleum hydrocarbon fractions.  By 

comparing these two assays, we accounted for the total amount of heterotrophic bacteria 

in comparison to the total amount of alkane degraders that were present in each sample.  

The following figures, Figure 32, 33 and 34 show the three dates from the study along 

with the sampling well locations and depths.   

 

 
Figure 32.  TH compared to ALK degrader numbers estimated by MPN measurement at Bon Secour 

on December 13, 2010.  Error bars show the confidence interval at 95%. 
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Figure 33.  TH compared to ALK degrader numbers estimated by MPN measurement at Bon Secour 

on December 30, 2010.  Error bars show the confidence interval at 95%. 

 

 

 
Figure 34.  TH compared to ALK degrader numbers estimated by MPN measurement at Bon Secour 

on January 26, 2011.  Error bars show the confidence interval at 95%. 

 

 

  

MPN-TH vs MPN-ALK 12/30/2010

1.00E+00

1.00E+01

1.00E+02

1.00E+03

1.00E+04

1.00E+05

1.00E+06

1.00E+07

1.00E+08

1 2 3 4

Sampling Well

#
 o

f 
C

e
ll

s
/g

 S
e
d

im
e
n

t

TH 0-0.076m

TH 0.076m-0.254m

TH 0.254m-0.457m

ALK 0-0.076m

ALK 0.076m-0.254m

ALK 0.254m-0.457m

MPN-TH vs MPN-ALK 01/26/2011

1.00E+00

1.00E+01

1.00E+02

1.00E+03

1.00E+04

1.00E+05

1.00E+06

1.00E+07

1.00E+08

1 2 3 4

Sampling Well

#
 o

f 
C

e
ll

s
/g

 S
e
d

im
e
n

t

TH 0-0.076m

TH 0.076m-0.254m

TH 0.254m-0.457m

ALK 0-0.076m

ALK 0.076m-0.254m

ALK 0.254m-0.457m



 

66 

9.4  MPN-TH versus MPN-PAH 

 

Since PAH's are more resistant to degradation, microorganisms need to be equipped with 

particular catabolic enzymes in order to employ them.  By comparing these two assays, 

we accounted for the total amount of heterotrophic bacteria in comparison to the total 

amount of PAH degraders that were present in each sample.  The following figures, 

Figure 35, 36 and 37 show the three dates from the study along with the sampling well 

locations and depths. 

 
Figure 35.  TH compared to PAH degrader numbers estimated by MPN measurement at Bon Secour 

on December 13, 2010.  Error bars show the confidence interval at 95%. 
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Figure 36.  TH compared to PAH degrader numbers estimated by MPN measurement at Bon Secour 

on December 30, 2010.  Error bars show the confidence interval at 95%. 

 

 

 
Figure 37.  TH compared to PAH degrader numbers estimated by MPN measurement at Bon Secour 

on January 26, 2011.  Error bars show the confidence interval at 95%. 
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CHAPTER 10:  CHANGES OVER TIME 

10.1  MPN-ALK 

 

In Table 7, the cumulative results are presented regarding MPN-ALK estimations.  In 

Figure 38, the dates and cell/g numbers are graphed in order to understand the change 

over time in the alkane degrader community presented in the sediments.   

Table 7.  The total MPN-ALK comparison for all three dates. 
MPN-ALK Estimation 

  December 13, 2010 December 30, 2010 January 26, 2011 

  # Cell ALK/g 95% CI # Cell ALK/g 95% CI # Cell ALK/g 95% CI 

1 TOP 1.24E+04 1.20E+04 6.55E+03 5.52E+03 1.86E+05 1.56E+05 
1 MID 5.62E+03 4.50E+03 3.43E+03 2.97E+03 2.70E+01 2.26E+01 
1 BOT 5.52E+03 4.72E+03 3.88E+03 3.28E+03 3.26E+04 2.72E+04 
2 TOP 3.68E+03 3.13E+03 3.13E+03 2.71E+03 1.27E+05 1.07E+05 
2 MID 5.52E+04 4.72E+04 1.93E+02 1.90E+02 3.52E+05 2.95E+05 
2 BOT 8.81E+03 8.37E+03 8.85E+02 8.41E+02 3.88E+06 3.25E+06 
3 TOP 8.49E+05 1.55E+05 5.48E+04 4.82E+04 1.44E+04 1.20E+04 
3 MID 2.98E+04 2.64E+04 2.96E+04 2.69E+04 4.57E+06 3.82E+06 
3 BOT 8.70E+03 8.26E+03 2.03E+04 1.95E+04 8.99E+05 7.52E+05 
4 TOP 5.28E+04 4.51E+04 4.38E+04 3.66E+04 2.75E+01 2.30E+01 
4 MID 1.47E+04 1.56E+04 9.13E+02 9.00E+02 1.14E+07 9.54E+06 
4 BOT 1.17E+04 1.62E+04 5.93E+02 5.15E+02 3.94E+04 3.30E+04 

 

 

 
Figure 38.  MPN-ALK Time Trend Graph.  
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10.2  MPN-PAH 

 

In Table 8, the cumulative results are presented regarding MPN-PAH estimations.  In 

Figure 39, the dates and cell/g numbers are graphed in order to understand the change 

over time in the PAH degrader community presented in the sediments. 

Table 8.  The total MPN-PAH comparison for all three dates. 

MPN-PAH Estimation 

 
December 13, 2010 December 30, 2010 January 26, 2011 

 
# Cell PAH/g 95% CI # Cell PAH/g 95% CI # Cell PAH/g 95% CI 

1 TOP 7.84E+02 7.02E+02 1.03E+03 1.00E+03 4.50E+02 3.77E+02 
1 MID 1.19E+04 1.15E+04 1.38E+03 1.46E+03 1.91E+02 1.60E+02 
1 BOT 2.73E+04 2.49E+04 2.54E+03 2.38E+03 5.95E+02 4.98E+02 
2 TOP 3.74E+02 3.17E+02 1.33E+03 1.31E+03 2.06E+03 1.73E+03 
2 MID 6.88E+02 6.15E+02 3.93E+02 3.32E+02 8.67E+02 7.25E+02 
2 BOT 3.41E+03 2.96E+03 9.19E+01 1.32E+02 1.04E+03 8.67E+02 
3 TOP 5.58E+04 4.47E+04 1.58E+02 1.82E+02 9.13E+03 7.64E+03 
3 MID 5.69E+02 4.57E+02 1.37E+02 1.57E+02 1.45E+05 1.21E+05 
3 BOT 3.91E+02 3.31E+02 1.49E+02 1.71E+02 1.44E+02 1.20E+02 
4 TOP 8.61E+02 7.88E+02 7.47E+02 6.69E+02 1.39E+03 1.17E+03 
4 MID 2.42E+03 2.27E+03 2.42E+02 2.27E+02 1.90E+03 1.59E+03 
4 BOT 1.37E+02 1.61E+02 2.60E+01 0.00E+00 1.38E+02 1.15E+02 

 

 
Figure 39.  MPN-PAH Time Trend Graph 
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10.3  MPN-TH 

 

In Figure 40, the dates and cell/g numbers are graphed in order to understand the change 

over time in the total heterotrophic community that were presented in the sediments. 

 
Figure 40.  MPN-TH Time Trend Graph 
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10.4  ATP 

 

In Figure 41, the dates and cell/g numbers are graphed in order to understand the change 

over time in the ATP concentrations that were presented in the sediments.

 

Figure 41.  ATP determination Time Trend Graph 
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CHAPTER 11:  NUTRIENTS, DO, MOISTURE CONTENT RESULTS 

 

As previously stated, in order to characterize the potential ability of the microbial 

community regarding the subject matter of this study, many factors need to be in place in 

order to characterize the sediments and biodegradation.  If these factors are not within 

certain ranges or limits, microbial degradation of the impacted sediments would be 

stalled or not occur at all.  Some of the items that are needed in order to facilitate 

microbial biodegradation of oiled sediments are:  an electron acceptor, adequate nutrient 

and moisture content availability.   

 

In this study it was found that the average dissolved oxygen (DO) concentration was 

6.6mg/L for this beach which shows that the beach was under aerobic condition; meaning 

that there was an ample amount of an electron acceptor available.   

 

In Figures 42, 43 and 44, the nutrient results from the field study are presented.  They 

suggest there is a sufficient amount of N as well as P in order to support removal of oiled 

sediments.  Based on the results, the average nitrogen in the beach (nitrite, nitrate and 

ammonia) was 1.9, 0.5 and 1.4mg/L for the first, second and the third sampling events, 

respectively.  The average phosphate concentration was found to be 0.19mg/L.   

 

Regarding moisture in the sediments, the oiled sediments were found to be relatively dry.  

Water availability limits microbial growth and the average water level was almost 1.5m 

lower than the surface.  
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Figure 42.  Bon Secour nutrient results per sampling well and depth, Sampling Event 1: 12/13/2010 

 
 

 
Figure 43.  Bon Secour nutrient results per sampling well and depth, Sampling Event 2: 12/30/2010 
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Figure 44.  Bon Secour nutrient results per sampling well and depth, Sampling Event 3: 1/26/2011 
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Figure 45.  Sediments in the field before being separated into the centrifuge tubes  

for microbiological processing.  T on the sleeve=TOP, M=MID and B=BOT.   
 

 

 

 
Figure 46.  Oiled sediments in the sand corer sleeve before being shipped  

to the lab at Temple University. 
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CHAPTER 12:  DISCUSSION 

 

Over the three sampling events, there were some growths as well as reductions in 

community sizes that were observed.  The following movements were observed and the 

finding are reported below:   

 

Using the MPN enumeration technique in regard to alkane degrading bacteria, during the 

first sampling event, all the samples that were analyzed had between 1.00E+03 to 

approximately 1.00E+06 cells of ALK degraders per gram of sediment examined.  In the 

second sampling event, there was a slight decrease among all the samples, on average 

about one order of magnitude lower than the first sampling event.  For the third sampling 

event, it was noticed that there was a major increase in the amount of alkane degrading 

bacteria that was presented; on average, the increase was about two orders of magnitude 

higher than the second event.  There were some samples that did decrease, MP4TOP, 

MP3TOP and MP1MID, but the general trend was an increase.  What is remarkable about 

the three samples that showed a decrease in this type of microorganism, is that two of the 

samples named, MP4TOP and MP3TOP, are samples in which oiled sediments were 

visually identified by field personnel as having moderate oil reside.    

 

Regarding the PAH degrading bacteria by use of MPN assay, the first sampling event 

shows the average values of cells per gram of sediment studied being between 1.00E+02 

almost 1.00E+03 to no more than 1.00E+05.  For the second event, on average all the 

samples had a slight increase in the amount of PAH degrading bacteria.  For the third 
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event, mostly all the samples stayed approximately at the same levels that were recorded 

for the second event.  There were some major exceptions though that are worth nothing:  

MP4MID had a major increase in the concentration of PAH degrading bacteria, four 

orders of magnitude higher than sampling event two and MP3MID had an increase of two 

orders of magnitude than the second sampling event.  MP3TOP was the only sample to 

decrease about one and a half orders of magnitude than the previous sampling event.  

Again, MP3TOP is one of four locations in which oil was physically seen by field 

personnel.  In general, the PAH numbers for the entire study were at least two orders of 

magnitude lower that the ALK numbers for all three sampling events.   

 

Using the estimations from the TH counts, the average starting value for the first 

sampling event was between 1.00E+04 and 1.00E+06.  During the second sampling 

event, there was an increase in all the samples, about one order, uniformly across all the 

samples.  For the third event, it was noted that all the samples increased again, this time 

about one and a half to two orders higher than sampling event two.  The exceptions for 

this group was MP3TOP and MP2MID, where these samples experienced a decrease, the 

same amount of decrease for both of these samples.  Again, both of these sampling 

locations were oiled moderately.   

 

Taking into account that ATP is a non-cultivating assay, we expected to see numbers that 

were higher than what were reported in the MPN assays.  For the first sampling event, the 

average starting value for all samples was between 1.00E+05 and 1.00E+06, in the mid 

range between those two values.  One exception, MP3TOP, had a starting value that was 
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one and a half times above the average for the first sampling event.  For sampling event 

two, all the sampled sediments increased, approximately one order of magnitude and for 

the third event, they all had a slight increase if not staying about the same.  The 

exceptions for this grouping were:  MP3MID which had an increase that was noticeable 

in comparison to the rest, while MP1BOT, MP2BOT, MP3BOT, MP4BOT and MP3TOP 

all experienced the same level of decrease between sampling events two and three.   

 

The result of degradation by microbial activity transforms most petroleum substances in 

the marine environment.  The degree and rate at which hydrocarbon biodegradation takes 

place depends upon the structure of the hydrocarbon present and what in its surroundings 

is it being subjected to.  As stated previously, the alkanes biodegrade faster than the 

aromatic (PAH) substances.  With an increasing the number of carbon atoms and degree 

of branching in the structural makeup of the PAH, the rate of microbial decomposition 

usually decreases.  The natural biodegradation rate also depends on the physical state of 

the oil and the oil-water interface area.  The most important environmental factors that 

influence hydrocarbon degradation include: temperature, concentration of nutrients, 

electron acceptor, in this study, oxygen, and, of course, species composition and their 

abundance.  It is these complex items, together, that influence biodegradation, making it 

difficult to interpret and compare data, especially in the marine environment.   

 

It has been investigated that multitudes of species, some identified and probably most not 

identified to date, are able to use the oil components in order to sustain their growth and 

cellular needs.  Atlas (1981) states that in an undamaged ecosystem, hydrocarbon 
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degraders probably make up less than 0.1% of the microbial community but in an 

environment that has been polluted with oil they can make up to 100% of the viable 

microorganisms.  To follow up the previous finding, Atlas (1996) states that in pristine 

areas, the proportion of petroleum degrading bacteria usually do not exceed 0.1-1.0% of 

the total abundance of heterotrophic bacteria where as in polluted areas, where oil is a 

pollution source, the proportion increases to 1-10%.  

 

By utilizing the Atlas (1993) findings, we were able to look at our information and 

potentially relate them to the oil.  Since the study location was the Bon Secour National 

Wildlife Refuge and it is comprised on one of the largest undeveloped parcels of land on 

the Alabama coast, it would be logical to call its dunes and beaches "pristine" before the 

arrival of the DWH oil.  It is home to endangered species as well as the nesting site for 

many protected animals.  It was named one of the ten natural wonders of Alabama.   

 

Since Atlas found that certain percentages of petroleum degrading bacteria were related 

to the total abundance of heterotrophic bacteria regarding contamination, we applied 

these conditions and were able to look at the data using this approach.  In our 

understanding of the information, we used the following four percentage points as 

benchmarks to state what would be representative of pollution involving oil.  They are as 

follows:   

 0.1% in this study would suggest a non toxic environment; the amount of 

degrader was 0.1% or less indicating a non-polluted sediment  
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 1% in this study would suggest the start or more than likely a potentially 

contaminated area; the amount of degrader was 1%, signaling a change in non-

polluted sediment  

 over 1% in this study would be suggestive of a higher likelihood than just 

potential contamination in the sediments 

 10% in this study would definitely confirm a contaminated area; the amount of 

degrader was 10% or higher showing that oil is a source of pollution in the sample 

 

By using these percentages and their designated meanings, we obtained the following 

information that is presented in the following Tables 9, 10 and 11:   

 

Table 9.  Bon Secour MPN-ALK and PAH % comparison to MPN-TH counts, 12/13/2010   

Bon Secour MPN-ALK and PAH % Comparisons 

12/13/2010 
  

  

  MPN-TH ALK% PAH% 

MP1TOP 5.76E+05 2.15 0.14 

MP1MID 4.10E+05 1.37 0.17 

MP1BOT 1.30E+04 42.46 3.01 

MP2TOP 8.41E+05 0.44 1.42 

MP2MID 4.80E+05 11.50 0.71 

MP2BOT 1.38E+04 64.08 6.27 

MP3TOP 1.46E+06 58.28 1.88 

MP3MID 3.57E+04 83.49 156.22 

MP3BOT 2.67E+04 32.63 9.06 

MP4TOP 1.33E+05 39.81 0.28 

MP4MID 1.03E+05 14.35 0.56 

MP4BOT 2.64E+04 44.45 0.52 
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Table 10.  Bon Secour MPN-ALK and PAH % comparison to MPN-TH counts, 12/30/2010 

Bon Secour MPN-ALK and PAH % Comparisons 

12/30/2010 
  

  

  MPN-TH ALK% PAH% 

MP1TOP 1.80E+06 0.36 0.06 

MP1MID 1.00E+06 0.34 0.04 

MP1BOT 6.50E+04 5.97 0.23 

MP2TOP 2.90E+06 0.11 0.05 

MP2MID 1.60E+06 0.01 0.01 

MP2BOT 5.50E+04 1.61 1.36 

MP3TOP 4.70E+06 1.17 0.05 

MP3MID 1.70E+05 17.38 0.09 

MP3BOT 6.50E+04 31.25 0.37 

MP4TOP 3.90E+05 11.23 0.34 

MP4MID 5.70E+05 0.16 0.02 

MP4BOT 8.80E+04 0.67 0.03 
 

 
Table 11.  Bon Secour MPN-ALK and PAH % comparison to MPN-TH counts, 01/26/2011 

Bon Secour MPN-ALK and PAH % Comparisons 

1/26/2011 
  

  

  MPN-TH ALK% PAH% 

MP1TOP 9.78E+06 1.900 0.005 

MP1MID 3.95E+06 0.001 0.022 

MP1BOT 1.05E+06 3.091 0.014 

MP2TOP 2.00E+06 6.364 0.010 

MP2MID 3.52E+05 100.000 0.294 

MP2BOT 1.39E+06 278.571 0.100 

MP3TOP 8.31E+05 1.728 0.072 

MP3MID 6.09E+06 75.000 0.150 

MP3BOT 2.50E+06 36.000 0.076 

MP4TOP 4.03E+06 0.001 0.051 

MP4MID 6.01E+06 189.655 2.414 

MP4BOT 4.53E+05 8.696 0.030 
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When looking at the above numbers from the tables, there are some elevated percentages 

that would suggest "serious contamination" within those sampled sediments by use of this 

method.  By using both sets of degrader numbers,  ALK and PAH, it seems potentially 

reasonable, as well as logical, in deducing which population is more prevalent in each 

sample based upon the total percentage of each to that of the MPN-TH counts.    

 

Due to oil being observed in the following sampling well locations:  MP2MID, MP3TOP, 

MP3MID and MP4TOP, we believed that these samples would contain the most amount 

of microbial activity.  For the most part, they did but there were some other well locations 

that were also showing differences in their numbers, which were not anticipated.  

Regarding levels of increase and decrease in sample cell numbers and now, percentages, 

is something that is trying to be understood; what is clear is that ALK degraders were 

present in larger numbers than PAH degraders in all the sampling events.  Venosa et al, 

1996 documented low PAH degraders and high alkane degrader population in sand, due 

to what they termed maximum capacity; this could be the case for this study as well.  

Since PAH's have low water solubility and tend to bind with organic matter or particle 

surfaces, this could have resulted in a low bioavailability to the biomass (Cerniglia, 

1992).  PAH's are often resistant to biodegradation under prevailing natural conditions 

and higher ringed PAH's are more difficult to degrade due to the limited surface area 

interaction.  The more tightly condensed and heavy, the more resistant PAH's are to 

enzymatic attack (Cerniglia, 1992; Mueller et al., 1997).  This reason coupled with the 

lower moisture in the sediments could be one reason why PAH degraders were not in a 

massive showing during the three sampling events.   
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Regarding amount and extent of the bacteria, the numbers of the MPN-TH are similar to 

the ATP numbers; with ATP being at least one to two orders of magnitude higher.  This 

was expected due to the limitations involving cultivation in the lab regarding 

environmental samples.  This shows that there were bacteria present that were 

heterotrophs and ATP validated the cultivation based results.    

 

Finally, there could have been some other artificial limitation that could have limited the 

availability of the oil.  In this specific case, involving the DWH incident, to not take into 

account the amount of dispersant that was applied, 1.84 million gallons, would not be 

feasible (Kujawinski et al., 2011) as it could have possibly lead to the presence of a 

barrier that could have limited the interface between the microbes and the oil.    
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CHAPTER 13:  CONCLUSION 

 

The ability of various bacteria to metabolize crude oil hydrocarbons is well studied.  In 

this investigation, we did two things:   

 

1.)  We were able to cultivate bacteria, in the lab, in order to estimate their most probable 

numbers from Alabama beach sediments impacted by the DWH spill.  These bacteria 

were able to grow on alkane and PAH components, separately, in microtiter plate based-

assays.  They were able to use these hydrocarbon fractions as an energy source for their 

survival.   

2.)  We were able to react intracellular components contained within the bacteria in order 

to count their quantities.  This was only possible if the cells were alive and healthy, 

readying themselves for potential hydrocarbon degrading activities.    

 

Each of the research goals were individually evaluated and successfully executed.  The 

measurements of MPN and ATP were employed to help understand the factors related to 

the characterization of the sediments that were impacted.  The supposition was, we would 

clearly answer what we proposed as the objectives of this research.  Recall, this 

investigation had three goals and one question to answer:  The first goal was to identify 

beach characteristics; which was accomplished.  The second goal was to investigate the 

abundance and two types of microbial communities contained within the sediments; 

which was accomplished.  The third goal was to relate them, if possible, to the 

persistence of the DWH oil; this goal was attained but not to the degree of the initial 

expectation.  The question that needed to be answered was:  Can the use of microbial 
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population distribution determine the extent and age of an oil contamination event?  In 

this case, the answer was yes but there were limitations involving this research. 
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CHAPTER 14:  FUTURE WORK 

 

The following recommendations would be helpful in exploring this area of research 

further:   

1.  Multitudes of species are responsible for the degradation of petroleum products in 

shorelines, hydrocarbon degraders as well as non hydrocarbon degraders together.  With 

more species needing to be identified, it could be helpful to explore this avenue of 

codependence.   

2.  Only two types of degraders were investigated in this study.  It limited the 

investigation as to the full spectrum of bacteria that were potentially present.   

3.  A longer study period was needed in order to see bigger overall changes in the 

bacterial communities over time.   

4.  Exploration of the specific gene coding for the bacterial enzymes that are involved in 

oil degrading metabolisms (e.g., alkane monooxygenase).    
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