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ABSTRACT 
Although Alabama shores were impacted by the Deepwater Horizon oil spill, few data are available for a reliable assess-

ment of the fate of Macondo oil-derived pollutants in Alabama’s coastal environments.  Laboratory microcosm incubations 
were conducted to evaluate the degradation of hydrocarbons from Macondo oil in salt marsh sediments collected from Bayou 
La Batre, Alabama.  Each microcosm containing salt marsh sediment and in situ seawater was spiked with Macondo oil and 
then incubated for 14 d in the dark.  Total alkanes in the sediment decreased rapidly within the first 12 hr and thereafter re-
mained relatively stable.  At the end of the experiment, total alkanes in sediments decreased by 71.4 ± 32.3%.  The high degra-
dation rate of alkanes in the first 12 hr of the incubations was attributed to aerobic microbial degradation, and the subsequent 
decrease in the degradation rate was likely due to oxygen depletion in the microcosms.  The concentrations of dissolved inor-
ganic nutrients (nitrate, nitrite, and phosphate) did not show evident patterns over the course of the incubation, indicating that 
nutrient availability was not the factor responsible for the decrease in the alkane degradation rate.  No preferential degradation 
was observed between normal versus branched alkanes or between short-chain versus long-chain alkanes.  Presumably, this 
may be due to adaptation of in situ microbes to degrade various types of alkane compounds because of their previous exposure 
to oil pollutants from the Deepwater Horizon oil spill as well as from prevalent natural oil seeps and oil drilling activities in the 
study area.  Polycyclic aromatic hydrocarbons (PAHs) detected in microcosm sediment included naphthalene, acenaphthylene, 
fluorene, fluoranthene, and pyrene.  The PAHs showed variable concentrations and demonstrated no consistent loss over time, 
indicating the resistance of these compounds to short-term biodegradation. 
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INTRODUCTION 
The Deepwater Horizon oil spill of 2010 is the second larg-

est marine oil spill in human history.  During this spill, approxi-
mately 4.9 million barrels of oil were estimated to have been 
released into the Gulf of Mexico over approximately 3 mo 
(OSAT, 2010).  The Oil Budget calculator estimated that 50% of 
the oil was removed via skimming, burning or capturing, or evap-
oration (Atlas and Hazen, 2011).  Of the remaining oil, 24% was 
physically or chemically dispersed, and 26% is unaccounted for 
(Atlas and Hazen, 2011).  Macondo oil is composed primarily of 
hydrocarbons having various molecular weights and structures.  
In isolated oil fractions of a sample of fluid exiting the Macondo 
well collected on June 21, 2010, Reddy et al. (2011) found satu-
rated alkanes with a carbon number range of C4 to C42 and poly-
cyclic aromatic hydrocarbons (PAHs).  

Although Macondo oil from the Deepwater Horizon oil spill 
reached Alabama coastal waters and beaches, including Bon 

Secour (OSAT–2, 2011), Walker Island (Natter et al., 2012), and 
Mobile Bay (Atlas and Hazen, 2011; Beazley et al., 2012), much 
remains unknown about the fate of the oil in Alabama coastal 
environments.  One of areas of greatest concern is salt marshes, 
which are often characterized by low tidal wave energy and low 
dissolved oxygen content and are thus susceptible to oil pollutant 
accumulation.  The presence of marsh grasses further allows pol-
lutants to remain sequestered in coastal sediments for years.  
After an oil spill, it is not unusual that the associated hydrocar-
bons persist and accumulate in salt marshes over a long time 
period (Burns et al., 1993; Oudot and Chaillan, 2010; Boopathy 
et al., 2012; Natter et al., 2012).  For example, Oudot and Chail-
lan (2010) found that hydrocarbon compounds from the Amoco-
Cadiz spill can still be found in salt marshes of Ile Grande on the 
French Coast 23 yr after the spill.  

Salt marshes are both ecologically and economically im-
portant in that they serve as homes to many species of plants and 
animals and provide a major source of business revenue (King 
and Lester, 1995).  Therefore, it is important to assess the fate 
(i.e., persistence, transformation, degradation) of hydrocarbon 
compounds from Macondo oil in Gulf Coast salt marshes.  In the 
present study, laboratory microcosm incubations were conducted 
to assess short-term degradation of Macondo oil in Alabama salt 
marsh sediment by natural, in situ microbes.  Both concentrations 
and compositions of gas chromatography (GC)-amenable hydro-
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carbons were characterized to assess how degradation rates vary 
with molecular weight and structure, i.e., whether hydrocarbons 
with higher molecular weights and more complex structures will 
be degraded at lower rates than their counterparts with lower 
molecular weights and less complex structures.  A suite of aque-
ous geochemical parameters were measured to understand the 
influence of environmental factors on hydrocarbon degradation.  
The results of this research provide insights into the short-term 
microbial degradation of Macondo oil in a representative Gulf 
Coast salt marsh system. 

 
METHODS 

Sample Collection 
On March 17, 2011, seawater and sediment samples were 

collected just seaward of a salt marsh on the coastline southwest 
of Bayou La Batre, Alabama (30.38°N, 88.30°W), which is locat-
ed in the Gulf Coastal Plain and approximately 16 km west of the 
Mobile Bay (Fig. 1).  The sediments collected are typical of 
many areas along the Gulf Coast, consisting of inorganic clays, 
poorly-sorted sands, silty-sand, and sandy-clay (Rentschler, 
2013).  The seawater had a pH of 7.70 and total alkalinity of 
83.07 mg CaCO3/L (Rentschler, 2013). 

 All containers and sampling equipment to be in direct con-
tact with water samples were either combusted at 450°C for 5 hr 
(glass materials), or acid soaked (10% HCl or 10% HNO3) and 
thoroughly rinsed with Milli-Q water (plastic materials).  Sea-
water was collected using polypropylene bottles which were 
rinsed with seawater, then filled and capped under the water sur-
face.  The upper 15–30 cm of sediment was collected into a 5 gal 
plastic bucket.  All samples were transported on ice to the lab, 
where they were refrigerated in the dark until the microcosm 
experiment was conducted. 

 
Microcosm Incubations 

Each microcosm consisted of 326.94 g wet sediment (mass 
equivalent to 200 g dry sediment) and 173.06 g seawater in a 500 
mL glass jar with Teflon-lined lids.  Samples were thoroughly 
mixed on a shaker table set to 100 rpm for 24 hr before they were 
spiked with 10 g Macondo oil (MC 252 oil that was collected 
from the well head by the British Petroleum).  The incubations 
then started and lasted 14 d in the dark.  All jars were kept closed 

and consistently shaken to ensure a thorough mixture of sedi-
ments and water throughout the experiment.  Two jars were sac-
rificed at 0, 6, 12, 24, 48, 168, and 336 hr.  One control sample 
that was not treated with oil was sacrificed at hr 336.  Over the 
course of the incubation, the concentrations and compositions of 
alkanes and PAHs in the sediments, as well as the concentrations 
of dissolved organic carbon (DOC) and nutrients in aqueous so-
lution were determined.  

 
Chemical Analyses  

Microcosm Sample Collection  
After the duplicate jars were sacrificed at their respective 

time points, the aqueous (seawater) and solid (sediment) phase 
samples within each glass jar were thoroughly mixed before they 
were sampled.  Aqueous samples were collected by siphoning the 
upper liquid layer before and after centrifuging sediments at 750 
rpm for 20 min.  The aqueous samples were then filtered through 
0.45 μm filters and stored frozen until analysis for DOC and nu-
trients (nitrate + nitrite and phosphate) concentrations.  

 
Hydrocarbon Determination in Sediments 

Solid phase samples were homogenized and then stored 
frozen in glass jars prior to hydrocarbon analysis.  Hydrocarbon 
extraction followed the method described in Risdon et al. (2008) 
with modifications.  Approximately 6 g of incubated sediments 
were mixed with Hydromatrix (Agilent Technologies) to remove 
water.  Normal hexadecane-d34 (C16D34) and phenanthrene-d10 
were added as surrogates to the samples prior to the extraction.  
Samples were then ultrasonically extracted with 4 mL acetone for 
2 min at 20°C to ensure thorough mixing between the sediments 
and the surrogates.  Twenty mL of acetone:hexane (1:1, vol:vol) 
was then added to the samples, ultrasonically extracted for 10 
min at 20°C, and stored at 4°C overnight.  Short copper ribbon 
was used to remove sulfur during the extraction process. 

Samples were extracted again ultrasonically for 20 min at 
20ºC before the liquid portion of the samples was collected with 
disposable pipettes and concentrated with an ultra high purity 
(UHP) nitrogen stream.  Three mL of acetone, 5 mL of hexane,   
4 mL of Milli-Q water and a spatula of sodium chloride were 
added to the extracts, which were then manually shaken for 30 
sec and allowed to settle for 20 min.  The top hexane layer was 

Figure 1.  Map showing the 
greater Mobile Bay study area 
and the sampling site. 
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siphoned via disposable glass pipette as the hydrocarbon fraction 
and the more polar compounds dissolved in the lower acetone 
and water layer were discarded.  The hydrocarbon fraction was 
then separated by silica column chromatography into aliphatic 
and aromatic hydrocarbon fractions, which were eluted by 10 mL 
of hexane and 12 mL of dichloromethane, respectively. 

Aliphatic fractions were quantified and identified using gas 
chromatography (GC) and gas chromatography–mass spectrome-
try (GC–MS), respectively.  The initial temperature for the GC 
oven was 50°C, held for one minute, followed by a 6°C/min in-
crease until 310°C was reached, then holding for 15 min.  UHP 
helium was the carrier gas used at a flow rate of 1.48 mL/min.  
The quantification of objective compounds was done by com-
paring their peak areas to the peak areas of n-Hexadecane-d34.  
Different instrumental responses for various compounds were 
corrected by regularly running a standard containing a series of 
alkane compounds (C7–C40 normal alkanes) and n-Hexadecane-
d34. 

Aromatic components were identified using GC–MS by 
comparing their relative retention times and mass spectra to those 
of multiple known PAHs in a standard mixture.  They were quan-
tified by comparing their peak areas to Phananthrene-d10.  The 
initial temperature of the GC oven was 50°C, held for 1 min, 
followed by a 20°C/min increase until 140°C was reached, and 
then a 6°C/min increase until 310°C was reached, holding for 15 
min for a total run time of 47 min.  The carrier gas was UHP 
helium with a flow rate of 1.48 mL/min. 

 
DOC Concentration 

The DOC concentration of aqueous samples was determined 
using a Shimadzu TOC–VCPN Total Organic Carbon Analyzer, 
with a potassium hydrogen phthalate (KHP) calibration standard 
solution and a Consensus Reference Material deep seawater DOC 
check standard (Hansell Laboratory, http://yyy.rsmas.miami.edu/
groups/biogeochem/CRM.html). 

 
Dissolved Nutrients 

Water samples were submitted to the Dauphin Island Sea 
Laboratory (Alabama, USA) for nutrient (nitrate + nitrite and 
phosphate) analyses using a Skalar San and continuous flow au-
toanalyser with wet chemistry colorimetric modules designed for 
the individual analytes (nitrate + nitrite consistent with Environ-
mental Protection Agency [EPA] method 353.2, and phosphate  
consistent with EPA method 365.3).  Sample absorbance was 
compared with regression statistics based on a five-point standard 
curve for each analyte, and the results were baseline- and drift- 
corrected throughout the sample run.  

 

RESULTS  
Temporal Changes in Hydrocarbons in the Sediment  

Sediments from oiled-microcosms showed alkanes ranging 
in carbon number from 9 through 33, including both normal and 
isoprenoid alkanes.  At the end of the 14-d incubation, total al-
kanes in the sediment decreased by 71.4 ± 32.3% (mean ± stand-
ard deviation; the standard deviation (SD) was calculated from 
propagation of the SD of duplicate jars sacrificed at hr 0 and hr 
336) (Fig. 2).  Over the course of the experiment, total alkanes in 
the sediment showed a rapid decrease during the first 12 hr and 
remained relatively stable after 12 hr (Fig. 3a).  This pattern of 
alkane loss agrees with the general pattern of natural organic 
matter degradation observed in seawater and sediment systems 
(Westrich and Berner, 1984), and it may be described using the 
multi-G model of Berner (1964): 

 
 (1) 

 
 
 (2) 
 

where ki is the first-order degradation rate constant of fraction i; 
Gi is the concentration of fraction i and -dGt/dt is the degradation 
rate of all fractions.  On average, 87% of total alkanes in the   
microcosm sediment degraded within the first 48 hr (Fig. 3a), 
accounting for the initial, reactive fraction of the oil-derived al-
kanes (G1) and yielding k1 as 0.0373 hr-1 (coefficient of determi-
nation [R2] = 0.62 for the fitting curve of ln[total alkanes] versus 
time).  Because the degradation rate decreased rapidly after hr 48, 
the total alkanes between hr 48–336 can be treated as a more 
resistant fraction (i.e., G2).  However, as only three time points 
were sampled after hr 48, a reliable value for k2 cannot be ob-
tained from our experiment. 

 At the end of the incubation experiment, short-chain           
(C < 17) alkanes and long-chain (C ≥ 17) alkanes in the sediment 
decreased by an average of 74.6 ± 31.7% and 67.8 ± 32.3%,  
respectively (Fig. 2).  The loss of these two compound groups 
followed a pattern similar to that of the total alkanes, i.e., rapid 
degradation within the first 12 hr and remaining relatively stable 
thereafter (Figs. 3b and 3c).  Based on Equations 1 and 2, k1 val-
ues for short-chain and long-chain alkanes during the first 48 hr 
were 0.0389 hr-1 (R2 = 0.73) and 0.0384 hr-1 (R2 = 0.50), respec-
tively.  Although the percentage and rate of loss of the short-
chain alkanes were slightly higher than corresponding values for 
the long-chain alkanes, the ratio of short-chain to long-chain al-
kanes did not show an evident pattern throughout the experiment 
(Fig. 4a).  Similarly, the degradation rates of normal and 

Figure 2.  Percent loss of differ-
ent hydrocarbon compounds/
groups in incubated sediments 
at the end of experiment (i.e., hr 
336) relative to the initial time 
point of the experiment (hr 0).  
Error bars represent standard 
deviations calculated from prop-
agating the standard deviations 
of duplicate jars sacrificed at hr 
0 and hr 336. 

=− iit GkdtdG /

...)exp()()exp()()exp()( 303202101 +−+−+−== tkGtkGtkGGG it



branched alkanes did not show evident differences, as shown by 
the ratio of C17 normal alkane to pristane (n-C17:Pr) and the ratio 
of C18 normal alkane to phytane (n-C18:Ph) not exhibiting any 
apparent trends over the course of the experiment (Figs. 4b and 
4c). 

 For the aromatic fractions, naphthalene, acenaphthylene, 
fluorene, fluoranthene, and pyrene were identified in the sedi-
ment from oil-treated microcosms.  However, these compounds 

showed highly variable concentrations in duplicate microcosms, 
and did not show consistent loss during the two week incubation 
(Figs. 2 and 5).  Likewise, the ratio of low molecular weight 
(LMW) PAHs (i.e., two to three ring compounds which included 
naphthalene, acenaphthylene, and fluorene detected in this study) 
to high molecular weight (HMW) PAHs (i.e., four-ringed fluo-
ranthene and pyrene in the present study) displayed no evident 
trend over the course of the experiment (Fig. 4d). 

Figure 3.  Changes in the con-
centrations of (a) total alkanes, 
(b) short-chain alkanes, and     
(c) long-chain alkanes in incu-
bated sediments over the course 
of the experiment. 

Figure 4.  Temporal changes in 
the ratios of hydrocarbon com-
pounds having different struc-
tures or molecular weights in 
microcosm sediments. 
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Figure 5.  Changes in the con-
centrations of PAH compounds 
in incubated sediments over the 
course of the experiment. 

Figure 6.  Changes in the con-
centrations of (a) dissolved  
organic carbon, (b) aqueous 
nitrate + nitrite, and (c) aqueous 
phosphate over the course of 
the experiment. 
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Changes in Aqueous Inorganic N and P                    
and Organic C 

Nitrate + nitrite concentrations ranged from 6.8–51.5 µM, 
and phosphate concentration varied from 0.1–4.3 µM.  None of 
these inorganic species showed consistently increasing or de-
creasing trends over time (Fig. 6).  DOC concentrations ranged 
from the initial concentration of 1336 µM to the final concentra-
tion of 466 µM, showing an overall decreasing trend after hr 48 
(Fig. 6).  The final DOC concentration was slightly higher than 
that of initial, in situ seawater. 

 
DISCUSSION 

Two pathways could account for the rapid loss of aliphatic 
alkanes in sediments within the first 12 hr (Fig. 3).  The loss 
could be due to the release of hydrocarbons from sediments to 
overlying seawater, or could be caused by microbial degradation.  
The hydrocarbon compounds detected in the present study are 
largely non-polar and therefore preferentially partition towards 
organic matter in sediment particles, rather than towards water 
(Wang et al., 2001).  Using tetradecane (C14H30) as an example, 
the ratio of its concentration in sediments to its concentration in 
seawater should be approximately 106, calculated as %organic 
carbon in the sediments * Koc = 1% * 1.724 * Kow, where Koc is 
the partitioning coefficient between solid organic matter and wa-
ter and Kow is the partitioning coefficient between octanol and 
water (Kow = 108 from Sangester, 1989; %organic carbon in our 
sediments ranged between 0.88% and 1.45%).  As such, the 
amount of hydrocarbons in seawater should be insignificant rela-
tive to that in the sediment.  The release of hydrocarbons from 
sediment to overlying seawater was therefore unlikely the cause 
for the majority of loss of hydrocarbons in the sediment.  This 
argument is further supported by the DOC concentrations in the 
microcosms.  The DOC concentrations of oil-spiked microcosms 
were higher than the initial, in situ seawater and the non-oiled 
control (Fig. 6), indicating that Macondo oil increased the DOC 
concentration in the seawater due to soluble LMW aromatic hy-
drocarbons present in oil, such as naphthalene (Volkman et al., 
1984; Zhou et al., 2013a).  At hr 0, the DOC concentration in the 
oiled-microcosms was higher than the initial, in situ seawater by 
1031 µM, which was equal to 12,372 µg carbon, accounting for 
only <2% of the total mass of extractable hydrocarbon in the 
sediments (i.e., 12,372 µg / [2.45 mg alkanes per g wet sediments 
* 326.94 g wet sediments] ≈ 1.5%).  Between 0 to 12 hr, when 
the alkane loss was most significant in the sediments, DOC con-
centrations did not show an apparent increase (Fig. 6), indicating 
that no significant amounts of alkanes moved from the sediment 
to the overlying water.  

 Therefore, microbial degradation of hydrocarbons becomes 
the most plausible pathway accounting for the loss of alkanes in 
the sediment.  The rapid loss of hydrocarbons within the first    
12 hr (Fig. 3) may be attributed to aerobic microbial degradation, 
beginning with dioxygenase enzymes inserting O2 into the hydro-
carbon structure and yielding CO2 and H2O (Atlas and Philp, 
2005).  Afterwards, the rapid decrease in the degradation rate 
(Fig. 3) can be explained by the depletion of oxygen within the 
sediments, where aerobes could no longer efficiently metabolize 
oil using oxygen as the electron acceptor.  Rentschler (2013) 
measured the changes in aqueous iron concentrations over the 
course of this experiment, reporting that iron increased from     
<1 mg/L in the first 48 hr to >6 mg/L at hr 168.  This pattern 
suggests that microbes released insoluble iron from sediments in 
order to use it as an electron acceptor for alkane degradation 
when oxygen became depleted. 

 Previous studies have suggested that N and P availability 
may also limit hydrocarbon degradation rates (Xu and Obbard, 
2003; Das and Chandran, 2011).  In the microcosm water sam-
ples, nitrate + nitrite and phosphate did not show apparent de-

creases after hr 12 (Fig. 6), indicating the availability of these 
nutrients were not the reason for the rapid decrease in the degra-
dation rate after hr 12.  Iron may also serve as a limiting nutrient 
for hydrocarbon degradation (Das and Chandran, 2011).  For 
example, Bælum et al. (2012) observed that Fe addition led to 
short-term increases in hydrocarbon biodegradation rates in deep 
sea water samples from the Gulf of Mexico.  In the present study, 
the high total dissolved iron concentrations in the microcosms 
(>6 mg/L) between 168–336 hr (Rentschler, 2013) indicate that 
iron availability was not the factor limiting the alkane degrada-
tion rate during the experiment. 

 The ratios of n-C17:Pristane and n-C18:Phytane are indica-
tive of the degree of biodegradation (Wang et al., 1999).  These 
ratios are based on the observation that bacteria generally metab-
olize straight-chain alkanes faster than branched alkanes, and 
therefore more degraded oil has overall lower ratios than less 
degraded, fresher oil (Wang et al., 1999).  In the microcosm sedi-
ment samples, these two ratios showed no evident temporal pat-
tern (Fig. 4), likely because in situ microbes have adapted to  
degrading a variety of alkanes.  When microbial communities are 
exposed to hydrocarbons, genetic changes may occur and the 
proportion of oil-degrading bacteria often increases, resulting in 
an increase in the hydrocarbon-oxidizing potential of the commu-
nity (Atlas and Atlas, 1991; Haritash and Kaushik, 2009).  At our 
sampling site, Beazley et al. (2012) observed that total petroleum 
hydrocarbon concentrations in the marsh sediments increased 
during the Deepwater Horizon oil spill (i.e., in June and July of 
2010).  Additionally, there are a large number of natural oil seeps 
and oil drilling activities that take place within the Gulf of Mexi-
co (MacDonald et al., 1993).  As a result, in situ microbes may 
have adapted to be capable of efficient degradation of both nor-
mal and branched alkanes, thus showing no apparent preference 
between these groups of compounds.  By comparison, in Prince 
William Sound, Alaska, where preferential biodegradation of 
normal alkanes over branched alkanes was observed after the 
Exxon Valdez oil spill, natural oil seeps are scarce due to highly 
metamorphosed sedimentary rock in the region (Bence et al., 
1996). 

Petroleum biodegradation may differ as a function of hydro-
carbon chain length and molecular weights.  Zhou et al. (2013b) 
conducted laboratory degradation of Macondo oil in Gulf of 
Mexico seawater, where they observed preferential degradation 
of LMW n-alkanes over HMW n-alkanes, as well as of naphtha-
lene and phenanthrene over the other PAH compounds.  Similar-
ly, Ke et al. (2002) reported preferential biodegradation of LMW 
PAHs over HMW PAHs in sediments from a mangrove swamp 
in Hong Kong after an oil spill accident.  In the microcosm sedi-
ment samples, short-chain alkanes demonstrated only slightly 
higher first-order degradation rates than long-chain alkanes dur-
ing the first 48 hr (i.e., k1 = 0.0389 hr-1 for LMW alkanes versus 
0.0384 hr-1 for HMW alkanes), and thus showed a slightly higher 
%loss at the end of the incubation (Fig. 2).  However, this prefer-
ence for short-chain alkanes was not apparent based on the ratio 
of short-chain to long-chain alkanes, which did not show a pat-
tern over the course of the incubation.  This observation may be 
also attributed to the adaptation of in situ microbes to efficiently 
degrade various types of alkanes. 

  Previous laboratory microcosm studies aimed at assessing 
the degradation of hydrocarbons from diesel and oil pollutants in 
sediments and water have shown various percentages of biode-
gradable hydrocarbons (Table 1).  Across-study comparisons 
highlighted two primary limiting factors for biodegradation, 
where the first is oxygen availability.  Boopathy et al. (2012) 
incubated salt marsh sediment from southeastern Louisiana that 
was contaminated with 720 ppm Macondo oil.  Under anaerobic 
conditions, they found that 19–78% of total petroleum hydrocar-
bons degraded over 80 d, depending on the availability of elec-
tron acceptors.  In the present study, the majority of alkanes was 
observed to decrease within the first 12 hr, and is attributed most-
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ly to the aerobic biodegradation of hydrocarbons; hydrocarbon 
degradation was undetectable afterwards, which is attributed to 
oxygen depletion.  The second factor limiting degradation is the 
exposure history of microbes to oil.  This was evidenced by mi-
crobes isolated from pre-contaminated sites being capable of 
degrading hydrocarbons more efficiently, with greater percentage 
loss in a shorter timeframe (e.g., Lin et al., 2010; Balachandran et 
al., 2012) (Table 1).  In the present study, the non-selective deg-
radation of alkanes is attributed to the previous exposure of mi-
crobes from the study site to oil from natural and anthropogenic 
sources, including Macondo oil.  Lastly, it is important to point 
out that the microcosm experiment performed in this study, along 
with the studies shown in Table 1, assessed only GC-amenable 
hydrocarbons and did not assess those compounds that cannot be 
resolved by GC.  As Macondo oil reaching the Alabama shore-
line would have been highly weathered, the associated hydrocar-
bons likely comprise mostly compounds not amenable to GC 
detection.  These compounds are generally more resistant to bio-
degradation than GC-amenable compounds, and thus have great-
er tendency to accumulate in coastal environments and to be 
transferred to food webs as a toxic threat to marine organisms 
(Culbertson et al., 2007; Scarlett et al., 2008).  

 
CONCLUSIONS 

The objective of the present study was to understand better 
the fate of hydrocarbons, derived from Macondo oil, in Alabama 
salt marsh sediments.  The majority of alkanes were degraded 
within 12 hr, and the degradation rates were much lower or even 
below detection afterwards, suggesting that oxygen availability 
was the main limiting factor for the rate and extent of microbial 
degradation of the alkanes.  No apparent preferential degradation 
of alkanes of different structures or molecular weights (i.e., nor-
mal versus branched, short-chain versus long-chain) was detect-
ed, which may indicate that in situ microbial communities have 
adapted to degrading various types of alkanes from their frequent 
exposure to a variety of hydrocarbon compounds from natural 
seeps and anthropogenic activities.  In contrast, the concentra-
tions of PAH compounds were highly variable throughout the 
experiment and showed no consistent degradation pattern.  These 

findings improve our understanding of the short-term fate of Ma-
condo oil in Alabama salt marsh sediments, demonstrating that 
alkanes can be rapidly degraded (hours to days) by in situ, natural 
microbial communities when oxygen is readily available while 
the biodegradation of PAHs would require a longer time          
(>2 wk).  More research is needed for a reliable assessment of the 
fate (i.e., degradation or persistence) of PAHs in the study sys-
tem. 
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80 d with natural microbes in 
sediments; anaerobic condi-
tions 

Up to 78% of total petroleum 
hydrocarbons 

Boopathy et 
al. (2012) 

Oil contaminated soil in 
Chennai, India 

diesel oil, naph-
thalene, and phe-
nanthrene 

7 d with petroleum degrading 
actinomycete isolated from 
soils 

98.25% of diesel oil, 99.14% 
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phenanthren 

Balachandran 
et al. (2012) 
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Oil-refining wastewater 
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isolated from oil refining 
wastewater sludge 

More than 99.1% of naphtha-
lene 

Lin et al. 
(2010) 

Salt marsh sediments, Ala-
bama, USA Macondo oil 14 d with natural microbes in 

sediments 
71% of total alkanes; no con-
sistent loss of PAHs This study 

Table 1.  Comparison of experimental conditions and results of microcosm incubations for assessment of biodegradation of oil/
hydrocarbons across various studies. 
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