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e Once emplaced, how
does oil change through
time?

e Can we mineralogically
promote biodegradation?
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SCAT Update: October 17, 2011 Observations
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Isoprenoids and Alkanes

Pristane:Phytane ratios are lower than oll at sea,
but are little changed since landing.

n-Alkane profiles indicate continued preferential
loss of lower molecular weight compoundes,
although most recent samples suggest some loss
of HMW compounds too.

Persistence of n-alkanes one year after the
disaster suggests petroleum hydrocarbons will
persist for many years.
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Polycyclic Aromatic Hydrocarbons (PAH)




Proportion of Total PAH’s (%)

Selected Bay Jimmy Marsh
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PAHS

Like the n-alkanes, PAH profiles also suggest
preferential losses of lower molecular weight
compounds.

Overall PAH abundance in marsh sediment
remains high, one year after the disaster.
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Prestige Disaster, 2002
~500,000 barrels heavy fuel ol
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Clay mineral-enhanced bioremediation of marine oil pollution
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L. Introduction

Manine oil splls resultng from industrial pollution, aocidents and
acts of war continue to pose & major environmental thoeat o the

“lT‘ Adfter the \lrm-nf'r'- 2003 I"\th
s|. llage L'l|" lIxtuast L-I Y‘.-'I.' Spain, there was Lnle chance of physically
remaving, dispersing or solating the now estimated - 630001 of lealosd

ore beirg washed up along the Atlantic coastline under the
HIE), In such cases, attempss to dean

restncted o manual removal

ef On boulders and

le applied in the Prestige disaster, absorbing or

dispersing agents can also be used to help clean up ail spillage (Bavar
2005). Well known are the benefical properties of clay minerals,
which are the most abundant minerals farmed ng water-rock
mnreraction on Earch. Their charged, large specilbc surface aneas [m*g~ '],
terlayer spaces can patentially adsork a vasety of polar and non-

polar orgamic substances as well as toxic o ls | Spasito et al., 1959], As
a result, clays and clay minerals find thousands of industrial applications

Waurr et al.

ML |5 SEEEestid 1o pa

pumposes [Murray, 2000; Churchman et al. 2006} In hydrocarbon
paluted aguecus systems, colloidal sized clays are additionally known o
aid dispersion (Mewers and Quinm, 1973 Oweens and

mcrease surface area and accelerate the processes af physical and
chemical disaggregation by micelle formation and reduction in the size
of el globales.

An additional property of some clay minerals, which is not so well
understond, is thelr akelity 1o increase the rae of bacterial growth and
enhance the degradation of ydrocarbon compounds (Stoteky and Rem,
1866; van Loosdrechr et al aki, 2005, It has been
sugested (hat the bulle al.tllty of st i
adsark pratans released acarban P‘m..m’-:mr play an
tmportant role in maintaining o 1.. pH conditions and sustaining

growth (Stotzky and Rem, 196 Same kaalinites have alsp
been shown Lo increase the rate of o breakdown ,-L'-ac' 1 digestion
(Chacrun and Tazaki, 20057 HL“'!' Ih- formation of C-0-Ma-5i
comglexas ar

mineral surfaces provide favarable oo ns far bacteria acti

. ases e predse mechanisos DY which this is acheeed remai
enigmatic and the experimental abservations are nat always consadened
0 be consistent {van Loosdrecht of al., 1950)
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Experimental Design

Add Clay to experimental plots (olled marsh)

Compare Clay-Amended plots to control plots

Simulate natural environment with more
controlled lab experiments.
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Oil-contaminated Marsh sediments
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Presenter
Presentation Notes
Fe(III)- and sulfate-reducing, and methanogenic prokaryotes (FeRP, SRP, MGP) have been demonstrated to couple terminal electron acceptor (TEA) reduction to the petroleum hydrocarbon (PHC) oxidation, and to play a crucial role in petroleum hydrocarbon bioremediation. This study will test the hypothesis that the in situ addition of montmorillonite clay will accelerate oil degradation and will change microbial community structure in marshes impacted by the Deepwater Horizon BP Oil Spill in 2010. In order to monitor the activity of FeRP, SRP, and MGP and to identify active microbial communities in oil- impacted salt marsh sediments in Barataria Bay (Bay Jimmy), LA., high quality RNA and mRNA were isolated in oil-impacted sediments sampled from the sediment-water interface and at a depth of 1.6 m in control and clay-amended sites, then dissimilatory (bi)sulfite reductase (dsrA), citrate synthase (gltA), methyl coenzyme M reductase (mcrA), and SRP-specific 16S rRNA, which are involved in microbial metabolism, were analyzed using quantitative real time reverse transcription PCR, cloning, and sequencing.



Phylogenetic assignment of methanogen-specific

mcrA transcript clone sequences

Clone Sequence
Designation

Closest Relative Sequence

% ldentity

Phylogenetic Group

2 BJ1_SC_MCRA_1

Uncultured Methanosarcinaceae archaeon MRR-
mcr38 mcrA (AY125632.1)

98

Euryarchaeota

2 BJ1_SC_MCRA 2

Methanosarcina barkeri mcrBCDGA genes of mcrA
(Y00158.1)

96

Euryarchaeota

2 BJ1L_S_MCRA_1

Uncultured Methanosarcinales archaeon clone
NANK-ME73391 M mcrA (AY436551.1)

89

Euryarchaeota

Phylogenetic assignment of iron-reducing Geobacter-

specfic gltA transcript clone sequences

3 BJ3_SC_GLTAnL 1

Geobacter metallireducens citrate synthase (gltA)
(AY490258.1)

100

Deltaproteobacteria

3 BJ3_SC_GLTAnNL_2

Geobacter bemidjiensis citrate synthase (gItA)
(AY490262.1)

93

Deltaproteobacteria

2-BJ1-SC_GLTAL_2*

Geobacter sp. FRC-32 citrate synthase (gltA)
(CP001390.1)

98

Deltaproteobacteria

2-BJ1-SC_GLTAL_4*

Geobacter sp. FRC-32 citrate synthase (gltA)
(CP001390.1)

99

Deltaproteobacteria

Phylogenetic assignment of sulfate- reducing prokaryotes-specific

16S rRNA clone sequences

BJOM-16S3

Desulfovibrio desulfuricans 16S rRNA gene
(CP001358)

89

Deltaproteobacteria

BJOM-16S4

Desulfovibrio intestinalis 16S rRNA gene,
(AJ295680)

98

Deltaproteobacteria

BJOM-16S9
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Uncultured sulfate-reducing bacterium clone
9week.anode.36 16S RNA gene (HM008282)

99

Deltaproteobacteria




“Methanogenic” Bacteria
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Clay Amendment Experiments

Clay experiments seeded - 1-year oil data
suggests oil degradation is more advanced in
clay amended sites.

Clay may inhibit methanogens — does it help the
other bacteria??
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Next steps...

Ongoing laboratory microcosms to simulate field
conditions.

Continue monitoring of petroleum hydrocarbon
degradation in the field.
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THANK YOU

Chris Dockery (KSU-Chemistry)
W. Crawford Elliott (GSU- Geo CiS)
Ben Huck (KSU Chmlstr :
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