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Dear Delegate,
Welcome to ISMOS-6, at the Coronado Island Marriott Resort & Spa in San Diego,
California, USA.
This is the 6th meeting of the International Symposium on Applied Molecular Microbiology in Oil
Systems (ISMOS) and the 10-year anniversary of ISMOS!
ISMOS is the largest event discussing microbiology and molecular biology in the oil and gas
industry. This conference explores the application of emerging microbial and molecular tools to
help resolve challenges faced by the industry.
The aims of this symposium are to present the latest research on the applications of molecular
tools to identify and quantify oil-reservoir microbes in order to resolve potential challenges (e.g.
souring, biocorrosion) and encourage beneficial activities (e.g. MEOR, biofuels, hydrocarbon
biodegradation for bioremediation).
The meeting is multidisciplinary, linking biogeochemists, engineers, molecular biologists and
microbiologists, and will include a mixture of high profile international speakers from industry
and academia. A careers workshop is included in the programme aimed at PhD students and
hosted by industry speakers to foster discussions on careers in the oil industry. We will also have
an end user workshop, which focuses on specific case studies relevant to the oil and gas industry.
In addition, there is an opportunity to visit a synthetic genomics laboratory.
For the social events the conference dinner is at the Miramar Restaurant. All non-US citizens need
to bring their passport to this event as it is held at a military facility. Delegates also have the
option to take a boat tour and/or go on a brewery outing.
We are very grateful to the Technical & Scientific Committee (TSC) and the Local Organising
Committee (LOC) for their organisation and support for this conference. We also thank the
sponsors (Schlumberger, Dow Microbial Control, IRIS, Microbial Insights Inc., Nalco Champion,
Genome Alberta, DNV GL, Synthetic Genomics, Springer Nature and CRC Press/ Taylor &
Francis) for their support to ISMOS-6.
We hope you have an interesting and enjoyable meeting!
Yours,
Ken Wunch, Dow Chemical Company (LOC)
Torben Lund Skovhus, VIA University College (TSC Chair)
Corinne Whitby, Essex University (TSC Vice Chair)
Sean Caffrey, University of Toronto (ISMOS webmaster)
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Program Overview
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Detailed Program
Tuesday 6th June
13.00
14.00

Registration
Welcome and Opening (Ken Wunch, Torben Skovhus)

Opening Keynote
14.20

Gary Jenneman (GJ Microbial Consulting, USA)
An industry view on the significance of petroleum microbiology to oil
and gas companies.

Session 01 Microbially Influenced Corrosion (MIC) and Reservoir
Souring
Chairs: Brandon Morris (DOW)/ Marcia Lutterbach (INT)

Invited Talk
15.05

Souichiro Kato (Advanced Industrial Science and Technology, Japan)
Acetogenic bacteria that induce biocorrosion via extracellular electron
transfer.

Offered Talks
15.35

Torben L Skovhus (VIA University College)
Modeling of Microbiological Influenced Corrosion – Limitations and
Perspectives.

15.55

Nora Eibergen (Dow Microbial Control)
A novel and highly consistent method for generating MIC and
measuring the anti-corrosive activities of field-relevant biocides.

16.15

Coffee Break

16.45

Sven Lahme (Newcastle University)
Corrosive metabolism of the oil-field sulfide-oxidizing nitrate-reducing
epsilon proteobacterium Sulfurimonas sp. strain CVO.

17.05

Giovanni Pilloni (ExxonMobil)
Temperature shifts simulating water injection for secondary oil
recovery trigger the germination of bacterial endospores responsible
for reservoir souring.
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17.25

Hans Carlson (UC Berkeley)
High-throughput screening for the oil and gas sector: Identifying new
treatment strategies and treatment enhancers to treat biosouring.

17.45

Richard Johnson (Oil Plus)
Is There Room for Innovation in Tackling Reservoir Souring?

18.05

Welcome Drinks Reception

20.05

End of Session
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Wednesday 7th June
08.30

Registration

Session 02 Hydrocarbon Biodegradation
Chairs: Boyd McKew (Essex University) / Max Frenzel (Oil Plus Ltd)

Invited Talk
09.00

John Coates (University of California, Berkeley, USA)
Reservoir microbiology: underlying mechanisms and next generation
control of souring.

Offered Talks
09.30

Nicolas Tsesmetzis (Shell)
Comparative metagenomics of hydrocarbon and methane seeps of the
Gulf of Mexico.

09.50

Fei Luo (University of Toronto)
Metaproteomic analysis of a methanogenic benzene-degrading culture.

10.10

Luiza Andrade (Newcastle University)
Volatile hydrocarbons inhibit crude oil biodegradation under sulphatereducing conditions.

10.30

Coffee Break

10.50

Christina Ridley (University of Calgary)
Patchy distribution of methanogenic archaea and hydrocarbondegrading fungi in Northern Alberta oil sands deposits.

11.10

Kate Boccadoro (IRIS)
Biodegradation of crude oil and impact on arctic microbial
populations in sea ice and seawater following in situ oil spill
treatments in Svalbard.

11.35

Ian Head (Newcastle University)
OILSPORE: Crude oil biodegradation by spore-forming sulfatereducing bacteria - what happened to the usual suspects?

11.55

Lunch on the Lawn
End of Session
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Session 03a Microbial biotransformations: Subsurface, Biofuels to
MEOR and Reservoir Microbes
Chairs: Kate Boccadoro (Iris) / Ian Head (Newcastle University)

Invited Talk
13.00

Valeria M. de Oliveira (University of Campinas, Brazil)
Unveiling diversity and potential metabolic pathways for hydrocarbon
biodegradation in Brazilian petroleum reservoirs.

Offered Talks
Brandon Morris (Dow Microbial Control)
13.30
Using Biomolecules to observe the presence, activity and diversity of
microorganisms in oilfield systems.
13.50

Glenn Fried (University of Illinois)
The Real Rock GeoBioCell: A microfluidics testbed for quantifying
subsurface oil field microbe-water-rock interactions.

14.10

Coffee Break

14.35
End User Workshop
Chairs: Lisa Gieg (University of Calgary) /Torben Lund Skovhus (VIA University
College)
Panel: Rick Eckert (DNV GL), Nicolas Tsesmetzis (Shell), Nicole Dopffel (BASF),
Sandra Dworatzek (SiREM)
16.00 Poster Session
17.35 End of Session
18.30 Conference dinner at the Miramar Restaurant
Dress Code: Smart-casual (No T-shirts/shorts).
Note: Due to security on the military base all non-US citizens need to submit their
passport number, date of birth, county of issue of passport to the local organizers
(FUSE, Charlie@fuseevents.com) in advance. Non-US Citizens also need to bring
their passport with them on the evening.
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Thursday 8th June
08.30

Registration

Session 03b Microbial biotransformations: Subsurface, Biofuels to
MEOR and Reservoir Microbes.
Chairs: Renato de Paula (Nalco Champion) / Ian Head (Newcastle University)

Invited Talk
09.00

Brad Stevenson (University of Oklahoma)
Microbiomes of biodiesel storage tanks and their role in fouling,
degradation, and corrosion.

Offered Talks
09.30

Anirban Chakraborty (University of Calgary)
Distributions of thermophilic, endospore-forming bacteria in
hydrocarbon seep prospective sediments in the Eastern Gulf of Mexico.

09.50

Robert Sanford (University of Illinois)
Integrated approaches to exploration of the subsurface biosphere
inhabiting the cambrian Mt. Simon sandstone, Illinois Basin, USA.

Invited Talk
10.10

Hakan Alkan (Wintershall Holding GmbH, Germany)
MEOR Revisited by Wintershall-BASF: Why and How?

Offered Talk
10.40

Navreet Suri (University of Calgary)
Key players of nitrate reduction in oil reservoirs and their potential in
enhanced oil recovery.

11.00

Coffee Break

End of session
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Session 04a 'Omics' technology for the oil and gas industryChairs:
Corinne Whitby (Essex University) / Renato de Paula (Nalco Champion)

Invited Talk
11.25

Elizabeth Edwards (University of Toronto, Canada)
Anaerobic Benzene Biodegradation

Offered Talks
11.55

Jan Sunner (University of Oklahoma)
The reasons why metabolomics is the ideal tool for MIC detection and
mitigation – Connections with corrosion mechanisms.

12.15

Carmen Li (University of Calgary)
Cultivation independent microbial genomics for de-risking offshore
deep water oil and gas exploration.

12.35

Lunch on the Lawn

13.45

Poster Session

15.05

End of Session

15.10

Social Events: Synthetic Genomics Lab Tour or Boat Tour
Brewery Trip.
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Friday 9th June
08.30
Chairs:

Early Careers Workshop (for PhD/Postdocs/Early Career
researchers)
Dennis Enning (Exxon Mobil) /Casey Hubert (University of Calgary)

10.00 Coffee Break

Session 04b 'Omics' technology for the oil and gas industry
Chairs: Torben
(Schlumberger)

Skovhus

(VIA

University

College)/

Marko

Stipanicev

Offered Talks
10.25

Andrea Bagi (International Research Institute of Stavanger)
Environmental surveillance of marine oil releases using an autonomous
ecogenomic sensor

10.45

Vincent Bonifay (University of Oklahoma)
Metabolomics as a tool for corrosion diagnostics: Investigation of
produced water samples from different oil field systems with varying
rates of corrosion.
End of Session

Session 05 Modelling for the oil and gas industry
Chairs: Torben
(Schlumberger)

Skovhus

(VIA

University

College)/

Marko

Stipanicev

Invited Talk
11.05
Robert Melchers (University of Newcastle, Australia)
Modelling microbiologically influenced marine corrosion of steels.
Offered Talks
11.35
Paul Evans (Chevron Energy Technology Company)
Handling microbiological uncertainty in reservoir souring simulation.
11.55

Yiwei Cheng (Lawrence Berkeley National Lab)
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Sulfidogenesis and control in fractured rock oil reservoirs: novel
laboratory experiments and reactive transport modeling.
12.15

Gabriel Juarez (University of Illinois at Urbana-Champaign)
Biodegradation of oil dispersions by marine bacteria.

12.35

Lunch on the Lawn

13.45

Closing Keynote
Gerrit Voordouw (University of Calgary, Canada)
Highlights of 10 years of research in petroleum microbiology.

14.30

Close of meeting and prize awards (Corinne Whitby, Torben
Skovhus, Ken Wunch)

14.40

Announcement of ISMOS-7

14.50

End of Session and Depart
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Poster Presentations
Session 01 Microbial Induced Corrosion (MIC) and Souring
Inhibition of Sulfate Reduction by Monoflourophosphate in a Flow Through Column
System
Anna Engelbrektson – Energy Biosciences Institute, UC Berkeley
Bioelectrical corrosion of iron by marine lithotrophic sulfate-reducing bacteria
Dr. Dennis Enning – ExxonMobil Upstream Research Company
The effect of iron on the potency of nitrate as an inhibitor of sulfidogenesis and oil reservoir
souring
Ms. Yi Liu – Energy Biosciences Institute, UC Berkeley
Higher corrosion rates associated with nitrate addition to seawater microcosms
Dr. Julia R. de Rezende – Newcastle University
Mitigating Sulfidogenesis with Simultaneous Perchlorate and Nitrate Treatments
Ms. Anna Engelbrektson – Energy Biosciences Institute, UC Berkeley
Response of thermophilic SRB to nitrate and nitrite under continuous and batch culture
conditions
Ms. Gloria Okpala – University of Calgary
Microbial communities involved in high salinity souring and methanogenesis in shale oil
fields
Ms. Annie (Biwen) An – University of Calgary
Corrosion of 1010 steel is highest in B20 biodiesel tanks with the greatest bioburden
Dr. Wendy Goodson- Biological Materials and Processing Research Team, Air Force Research
Laboratory
Corrosion by acetogenic and methanogenic microorganisms incubated in the presence of oil
Dr. MOHITA SHARMA – University of Calgary
THPS in Oil and Gas Applications – Strengths and Weaknesses
Dr. Kathleen Manna – Dow Microbial Control
Dosage of biocides for effective kill and removal of co-culture biofilms: A Lab-on-a-chip
approach
Ms. Susmitha Purnima Kotu – Texas A&M University
Marine corrosion of 1018 carbon steel in the presence of traditional naval petro- and biofuel blends
Dr. Zakari Makama – University of Oklahoma, Department of Microbiology and Plant Biology
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Expanding the range of biocide actives – Various test results from existing solutions to
future alternatives
Mr. Pierre Souquet – Total SA
Bridging the next generation of MIC diagnostic techniques: molecular microbiological
methods made accessible by routine ATP field tests
Dr. Marc Demeter – University of Calgary
Detection and Biocide Treatment for Methanogens
Dr. Iris Porat – Kemira Oyj
Preventing Biotic H2S Generation and Souring with Novel Sulphidogenesis-Inhibitory
Chemistries
Dr. Brett Geissler – Nalco Champion
Biocidal efficacy against the sulfate reducing bacterium Desulfovibrio alaskensis (DSMZ
16109)
Dr. Lea Holsten – Schülke & Mayr GmbH, Research & Development
Prudent use of Bacteria Management Chemicals in Oil and Gas Production
Dr. James Fajt – Schlumberger Production Technology
Consumption of different organic acids by mixed community of sulfate reducing bacteria
Marcia T.S. Lutterbach from National Institute of Technology (Rio de Janeiro – Brazil)
Beyond the Bug Bottle: Tailored Laboratory Techniques for Selecting and Assessing an
Integrated Microbial Control Program
Dr. Joseph Moore – Dow Microbial Control
RNA and Biocorrosion- Collection, transport and extraction standardization of samples
from the oil sector
Marcia T.S. Lutterbach from National Institute of Technology (Rio de Janeiro – Brazil)
The Effect of a complex planktonic and biofilm bacterial consortia on marine corrosion of
120 carbon steel
Dr. Zakari Makama – University of Oklahoma, Department of Microbiology and Plant Biology
Rapid In-Field Collection of Corrosion-Related Microbial Samples and Ambient
Temperature Stabilization for Downstream Molecular Analysis
Dr. Neil Sharma – InstantLabs
The use of TAED (tetra-acetyl ethylene diamine) as a potential oilfield biocide
Allister Theobald – Warwick Chemicals
Feasibility of bacterial nitrate-reducing metabolism in controlling souring in mature oil
wells
Dr. Fabio Chinalia – Federal University of Bahia (presented by Professor Paulo F. Almeida)
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Guar gum stimulates biogenic sulfide production at elevated pressures: Implications for
shale gas extraction
Leanne Walker, School of Earth and Environmental Sciences, University of Manchester
MIC risk assessment model: new approach to prevent microbial corrosion
Sabine Doddema, Bioclear
Degradation of Biodiesel by Fungi Can Accelerate Carbon Steel Corrosion
Mr. James Floyd – University of Oklahoma, Department of Microbiology and Plant Biology

Session 02 Hydrocarbon Biodegradation
Identification and quantitative detection of hydrocarbon-degrading genes in North Sea
water for use with a real-time monitoring device
Dr. Kamila Knapik – International Research Institute of Stavanger
Proteomic analysis of the oil-degrading bacterium Thalassolituus oleivorans MIL-1
Mr. Ben Gregson – University of Essex
Naphthenic acid degradation by Pseudomonas spp. in lab-scale bioreactors
Mr. Karl Skeels – University of Essex
Methanogenic degradation of light and heavy crude oils: Commonalities and distinctions
Ms. Courtney Toth – University of Calgary
Sediment hydrocarbon-degrading bacteria along a depth transect in the Faroe-Shetland
Channel
Dr. Evina Gontikaki – University of Aberdeen
Degradation of hydrocarbons by complex bacterial communities isolated from cold deep-sea
sediments
Mr. Lloyd Potts – University of Aberdeen
Hydrocarbon Degradation Potential of Environmental Bacterial Communities Exposed to
Fuel and the Relevance in Biodeterioration
Dr. Oscar Ruiz – Fuels and Energy Branch, Aerospace Systems Directorate, Air Force Research
Laboratory
Fungal Biodiesel Degradation Patterns Predict Contamination Levels in Storage Tanks
Dr. Heather Nunn – University of Oklahoma, Department of Microbiology and Plant Biology
Response of shallow-seawater marine bacteria to oil contamination and to high pressure and
low temperature representatives of those under deep-sea conditions
Prof. Diogo Jurelevicius – Universidade Federal do Rio de Janeiro
Bioremediation of Crude Oil by Indigenous Bacteria in Bohai Bay
Dr. Xiaoke Hu – Key Laboratory of Coastal Biology and Bioresource Utilization, Yantai Institute
of Coastal Zone Research, Chinese Academy of Sciences
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A PAHs-degrading strain Gordonia sp. Q8 isolated from petroleum contaminated water
Dr. yibin Qi – Petroleum Exploration & Production Research Institute, SINOPEC
The variable influence of dispersant on oil degradation at low temperatures
Evina Gontikaki – University of Aberdeen
Tailoring biostimulation efforts and inoculum sources are key to utilizing previously
exposed microbial communities for PAH removal
Dr. Marc Demeter – University of Calgary
Culturable microbiome and biodegradation activity in the diesel B5 and biodiesel (B100)
contaminated soil bioremediation
Marcia T.S. Lutterbach from National Institute of Technology (Rio de Janeiro – Brazil)

Session 03 Microbial biotransformations from: Subsurface,
Biofuels, to MEOR and Reservoir Microbes
Distributions of thermophilic, endospore-forming bacteria in hydrocarbon seep prospective
sediments in the Eastern Gulf of Mexico
Prof. Casey Hubert – University of Calgary
Biodegradation of polymers for enzyme technology applications in oil and gas production
Dr. Carolina Berdugo Clavijo – University of Calgary
Realization of Subsurface methanogenic oil degradation system – Important role of porous
environment and nutrients
Mr. Haruo Maeda – INPEX Corporation
Novel mode of methanogenesis by a methanogen isolated from a deep subsurface oil
reservoir
Dr. Daisuke Mayumi – AIST
Gaseous hydrocarbon oxidizing bacterial anomalies in topsoil can forecast the existence of
subsurface oil and gas deposits
Dr. Lei Gu – Petroleum Exploration & Production Research Institute, SINOPEC
Applicability of Eletromethanogenesis in high pressure and high temperature subsurface
reservoir as CCU technology
Mr. Haruo Maeda – INPEX Corporation
Genetic construction of a conditional cellulose production, facultative anaerobic
Enterobacter sp. for microbial deeply profile control during water flooding
Ting Ma – Nankai University
Stimulation of Thauera sp. TK001 with isopropanol and acetone under denitrifying
conditions for microbial enhanced oil recovery
Dr. Tekle Tafese Fida – University of Calgary

21

Minority microbial populations alternately dominated and contributed to oil increment
during indigenous microbial flooding in a post polymer-flooded oil reservoir
Dr. Peike Gao – Nankai University
Study and Application of Indigenous Microbial Enhanced Oil Recovery Series Techs
Mr. Qingxian Feng – Dagang Oilfield Company, Petrochina
Developing of new low cost organic based nutrients for MEOR and its inhibitory effect on
generation of hydrogen sulfate in the cultivation of crude oil and formation water using
small test vials
Dr. Nobuhiko Yamashita – Osaka Gas Co., Ltd.
Opportunity and challenge at low oil price situation–Advancement of MEOR Oilfields
Trials in China
Dr. lixin huang – Research Institute of Petroleum Exploration and Development
Effects of porous flow on the reservoir-scale petroleum biodegradations in Dagang oil field
Dr. Zhiyong Song – University of Science and Technology Beijing
Evaluation of a Galactomannan Polymer for Enhanced Oil Recovery under High
Temperature Reservoir Conditions
Dr. Akhil Agrawal – Central University of Rajasthan
Preliminary study on in-situ real-time quantitation of target microorganisms on the
principle of flow cytometry
Mr. Gen Murakami – Kyushu University
Reuse of produced water for simultaneous production of xanthan and rhamnolipids used in
enhanced oil recovery
Ms. Bethania Ramos – Federal University of Bahia (presented by Professor Paulo F. Almeida)
A comparative study on microbial growth in renewable diesel substitutes
C. E. Tsesmeli, Fuels and Lubricants Technology Laboratory, Technical University of Athens,
15780 Athens, Greece

Special Session 04 ‘Omics’ technology for the oil and gas
industry
The ecological role of Candidate Division OP3 in the MHGC oil field as revealed by omics
techniques
Dr. Dongshan An – University of Calgary
Elucidating taxonomy and physiology of the dominant taxa inhabiting petroleum reservoirs
based on genome reconstruction
Dr Valeria Maia de Oliveira – University of Campinas
Recovery of partial microbial genomes from metagenomes of Brazilian oil reservoirs
Ms. Daiane Belgini – University of Campinas
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Use of transcriptomics and genomics to understand the underlying mechanisms of bacterial
adaptation to jet-fuel
Dr. Thusitha Gunasekera – Environmental Microbiology Group, University of Dayton Research
Institute, University of Dayton
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ABSTRACTS
ORAL Program
Opening Keynote
#27 An Industry View on the Significance of Petroleum Microbiology to Oil and Gas
Companies.
Author
1. Gary Jenneman - GJ Microbial Consulting, LLC.
Increases in fundamental knowledge and advances in microbiological technology over the past 30
to 40 years have benefited petroleum microbiologists and have led to better solutions and
processes impacting the operability and profitability of oil and gas companies. These advances are
well known to petroleum microbiologists and are manifested in such diverse areas as hydrocarbon
biometabolism, subsurface microbiology, microbial corrosion, and environmental microbiology.
From the discovery of novel microorganisms and extremophiles to the development of rapid
molecular techniques the industry has benefited in noticeable ways. Many of these advances have
been incremental in scope but others can be considered step changes. From an industry
perspective, advances in the management of sour reservoirs and our understanding of
microbiological influenced corrosion offer some of the best examples of these changes. However,
it might also be asked in some cases why other advances are taking so long to be adopted.
Nevertheless, examples are becoming more commonplace and offer encouragement that
microbiology and its technologists will play an even greater role in how our fossil fuel resources
are discovered, produced and managed in the future.
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Closing Keynote
#34 Highlights of 10 years of research in petroleum microbiology.
Author
1. Gerrit Voordouw - University of Calgary
The over-arching aim of our research is to decrease the environmental impact of fossil fuel
production and transport through a program focused on sulfur cycle management, corrosion
prevention
and
improved
production.
In sulfur cycle management we found that injection of nitrate into a low temperature, heavy oilproducing field decreased sulfide initially. However, sulfide then increased due to activity of
nitrate-reducing bacteria (NRB) and sulfate-reducing bacteria (SRB) in separate zones along the
flow path. Continued injection depleted toluene and other alkylbenzenes, which are major NRB
substrates, causing nitrate breakthrough in production wells. Decreasing sulfate dispersal by
injecting sulfate-containing makeup water into a limited area of the field also proved a good
strategy to contain souring. Our finding that reduction of nitrate is more thermophilic (up to 70oC)
than reduction of nitrite (up to 45oC) allows souring control in high temperature reservoirs by
reinjection of hot produced water accumulating nitrite, which is a powerful SRB inhibitor.
With respect to corrosion prevention we observed that excess bisulfite, a commonly used oxygen
scavenger, increased pipe-wall growth of the sulfite-dismutating bacterium Desulfocapsa,
accumulating corrosive sulfur. High corrosivity of a shale-gas water sample was likewise caused
by overdosing of biocide. Hence, more is not always better in corrosion control and some
problems can be prevented by accurate dosing. Biocides, which also acted as corrosion inhibitor,
were most effective in preventing corrosion under flow conditions in the laboratory.
For improved production we have extensively characterized microbial communities in the Alberta
oil sands. Outcrop communities harbor fungi, which degrade bitumen aerobically within months.
Subsurface communities were also dominated by aerobes, suggesting oxygen ingress. The
alkylbenzene depletion of heavy oil suggested a new MEOR strategy in which aqueous toluene is
injected to increase its concentration in heavy oil or bitumen followed by injection of nitrate. This
strategy produced up to 20% of residual heavy oil under laboratory conditions.
In summary, the past 10 years have shown that many advances in petroleum microbiology can
still be realized. Continued research in this area will bring more discoveries contributing to the
safer production and transport of fossil fuels with decreased energy input.
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Session 01 Microbial Induced Corrosion (MIC) and Souring
Invited Talk
#101 Acetogenic bacteria that induce biocorrosion via extracellular electron transfer.
Author
1. Souichiro Kato- National Institute of Advanced Industrial Science & Technology.
Corrosion of iron caused by microbial metabolisms is specifically termed as microbiologically
influenced corrosion (MIC) or simply biocorrosion. MIC often damages energy infrastructures,
including crude oil reservoir tanks and underground oil and gas pipelines. Among diverse MIC
mechanisms, microbial metabolisms that enhance corrosion in anoxic environments via direct
uptake of electrons from metallic iron, specifically termed as electrical MIC (EMIC), have been
regarded as one of the major causative factors. The EMIC-inducing microorganisms have abilities
to exchange electrons with solid compounds, termed as extracellular electron transfer (EET), by
which microorganisms acquire energy required for growth. In this presentation, basic
understandings of microbial EET and recent progresses in the EMIC research are introduced. The
EMIC-inducing microorganisms initially identified were certain sulfate-reducing bacteria and
methanogenic archaea derived from marine environments. Subsequently, abilities to induce EMIC
were also demonstrated in diverse anaerobic microorganisms in soil, freshwater samples, and oil
fields. Our group demonstrated for the first time that acetogenic bacteria have abilities to induce
EMIC. We initially enriched acetogenic microbial communities from rice paddy field soil with
metallic iron as the sole energy source. The enriched communities produced acetate coupled with
oxidation of metallic iron and enhanced corrosion. We eventually isolated Sporomusa sp. strain
GT1 from the enrichments and demonstrated that the isolate acetogenetically grew on metallic
iron and enhanced iron corrosion, while other well-known acetogenic bacteria did not.
Furthermore, we successfully enriched iron-corroding acetogenic microbial communities from
various anoxic environments including underground oil fields. We found that abilities of EET and
EMIC are microbial traits more widespread among diverse microbial clades than was thought
previously. While the molecular mechanisms of EET in the EMIC-inducing acetogens remain
largely unknown, comparative genomics and transcriptomic analyses on the corrosive and noncorrosive acetogens are now under way.
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Offered Talks
#136 Modelling of Microbiological Influenced Corrosion– Limitations and Perspectives.
Authors
1. Torben Lund Skovhus - VIA University College
2. Christopher Taylor - DNV GL
3. Richard Eckert - DNV GL
Microbiologically influenced corrosion (MIC) research in the oil and gas industry has seen a
revolution over the past decade with the increased application of molecular microbiological
methods (MMM) and new industry standards; however, MIC modelling is an area that has not
been fully developed. Models can provide numerous benefits, e.g., guidance on MIC mitigation
selection and prioritization, identification of data gaps, a scientific basis for risk-based
inspections, and technical justification for asset design and life-extension. This paper describes
trends in MIC modelling; different types of models, future needs, and the utility of MIC models
from an end-user perspective. Microorganisms can initiate and promote corrosion different ways,
e.g., affecting both charge and mass transfer in corrosion reactions. No mechanistic models
currently exist that consider the influence of multiple functional groups of microorganisms on
reaction kinetics or the significance of microbial growth kinetics on corrosion. The ability to
accurately predict MIC initiation and growth is hampered by knowledge gaps regarding
environmental conditions affect corrosion under biofilms. In order to manage the threat of
corrosion relative to asset integrity, operators commonly use models to support decision-making.
The models use qualitative, semi-quantitative or quantitative measures to help predict the rate of
degradation caused by MIC and other threats. A new model that links MIC in topsides oil
processing systems with risk based inspection (RBI) through the application of data obtained by
MMMs, and its implementation, are presented and discussed. Integrated computational materials
engineering (ICME) is a promising future approach for prediction and management of MIC, using
translational research to deliver new modeling tools to industry in the shortest development time.
ICME development would couple our current understanding of MIC, as represented in models,
with experimental data, to build a digital “twin” for optimizing performance of engineering
systems, whether in the design phase or operations. Since there are still many uncertainties in MIC
mechanisms and rates, and because operations occur across a range of conditions, data ranges can
be employed in ICME using a probabilistic approach through a Bayesian network.
#132 A novel and highly consistent method for generating MIC and measuring the anticorrosive activities of field-relevant biocides.
Authors
1. Nora Eibergen - Dow Microbial Control
2. Philip Maun - Dow Microbial Control
3. Geert van Der Kraan - Dow Microbial Control
4. Imke Widera - Dow Microbial Control
The pipelines and vast infrastructure required for the production and transport of oil and gas are
largely constructed of carbon steel. This material, while less expensive and easier to manipulate
than stainless steel, is highly susceptible to corrosion. In particular, carbon steel assets may suffer
damage and failure as a result of direct or indirect microbially influenced corrosion (MIC). One
approach to reduce and/or mitigate MIC is the periodic application of biocides to affected assets.
This approach is most successful when biocides are applied in a preventative manner to assets,
27

which do not yet suffer from MIC. The unique nature of corrosion-associated biofilms, however,
has made it difficult to benchmark the biocidal efficacy of existing products using standard
methods of biofilm cultivation and propagation. Corrosion-associated biofilms found in oil and
gas infrastructures usually grow anaerobically under flowing conditions. Because they corrode the
metallic substrate on which they grow, they often have corrosion products embedded in their
biofilms. Thus, to facilitate the benchmarking of products that successfully attenuate MIC under
these conditions, we developed a method that allows consistent corrosion measurements to be
made for corroding biofilms grown on steel surfaces under flowing and anoxic conditions. This
novel method utilizes organisms that were enriched on carbon steel from a North Sea sediment
sample that, when grown in recirculating flow loops, can generate corrosion rates of up to 50 mpy
after 4 weeks of growth. The observed corrosion is highly consistent, as corrosion rates measured
for loops run in parallel vary by less than 10%. This consistency is essential to the acquisition of
meaningful anti-corrosion data for a wide-range of biocidal actives. In this presentation, we will
describe this method and its application to the benchmarking of Glut-based products, THPS-based
products, and other chemistries used in the field in MIC control experiments. The effects of these
chemistries on corroding organisms grown under static conditions will also be reported.
#94 Corrosive metabolism of the oil-field sulfide-oxidizing nitrate-reducing epsilon
proteobacterium Sulfurimonas sp. strain CVO.
Authors
1. Sven Lahme - Newcastle University
2. Cameron Callbeck - Max-Planck-Institute for Marine Microbiology
3. Ian Head - Newcastle University
4. Casey Hubert - University of Calgary
Nitrate injection for souring and corrosion control is widely applied in the oil industry. However,
in vitro and in situ trials have shown that nitrate injection has the potential to accelerate iron
corrosion under certain conditions. In this regard, sulfide-oxidizing nitrate-reducing bacteria
(soNRB) are frequently associated with oil exploitations and have been linked to MIC during
souring control via nitrate injection. To gain a better mechanistic understanding of nitrate- and
soNRB-mediated corrosion, we conducted a detailed metabolic analysis of the oil field soNRB
Sulfurimonas sp. strain CVO during MIC at varying nitrate to sulfide (N/S) ratios. Strain CVO
accelerated corrosion to 0.20–0.27 mm/y at high N/S ratios (>1.4) and corrosion decreased by
nearly 50 % during nitrate limitation (N/S ≤1.3). Detailed S and N compound speciation revealed
formation of a variety of potentially corrosive metabolic intermediates (e.g. biogenic S0, S2O32–,
SO32–, NO2–) and sterile incubations with individual S and N compounds revealed biogenic S0 and
NO2– as the main corrosion agents. In addition, the presence of FeS on iron coupons had a
stimulating effect on both S0 and NO2– corrosion and reaction rates. Additional RNA sequencing
was conducted to identify genes involved in the formation of these corrosive intermediates. Gene
expression analysis suggests involvement of a putative polysulfide reductase (psrABC) in
oxidation of H2S to S0. On the other hand, genes coding for sulfide quinone reductases (sqr) as
well as a truncated thiosulfate-oxidizing multi-enzyme complex (soxCDYZ) showed high
expression during S0 oxidation phase. In addition, various genes coding for hypothetical
cytochrome c proteins showed increased expression in the presence of metallic iron and might be
involved in iron storage or additional redox processes. The combination of corrosion and gene
expression analysis allowed identification of metabolic key-processes involved in corrosive events
and refines our understanding of oil-field MIC processes to improve existing souring and
corrosion mitigation strategies.
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#134 Temperature shifts simulating water injection for secondary oil recovery trigger the
germination of bacterial endospores responsible for reservoir souring.
Authors
1. Giovanni Pilloni - ExxonMobil Research and Engineering
2. Emma Bell - École Polytechnique Fédérale de Lausanne
3. Angela Sherry - Newcastle University
4. Casey Hubert - University of Calgary
Reservoir souring is caused by the activity of sulfate-reducing bacteria (SRB) in subsurface oil
reservoirs, and is often induced by seawater injection during secondary oil recovery. Souring can
potentially contribute to health and safety hazards to the workforce, corrosion of infrastructure
and reduced value of the extracted crude oil. SRB belonging to the genus Desulfotomaculum have
been implicated in reservoir souring at offshore oil fields. Desulfotomaculum spores are known to
germinate in response to changes in temperature, possibly including the cooling that happens
when cold seawater is injected into hot subsurface reservoirs for oil recovery. Endospores of
thermophilic SRB were subjected to temperature shifts similar to those encountered near the
injection wellbore region in warm oil reservoirs, in two-phase sediment heating experiments.
Sediments known to harbour thermophilic spores were initially incubated at high temperature
(80–90°C) then cooled to a lower temperature (50–70°C) to simulate seawater injection. Sulfate
reduction only occurred at 70, 60 and 50°C and coincided with enrichment of Desulfotomaculum
spp. that were not detected during the initial 80-90°C incubation. Both prolonged exposure to high
temperature (80°C for >1 year) and incubation in the presence of crude oil led to the enrichment
of a specific Desulfotomaculum previously discovered at North Sea oil production platforms.
Community analysis and organic acid levels revealed activity of hydrolytic and fermentative
endospore-forming bacteria at all incubation temperatures including 90°C, indicative of
fermentation of complex substrates that can contribute to reservoir souring by generating electron
donors suitable for SRB. Spore-forming Firmicutes are not typically associated with the higher
temperatures tested here (80-90°C), yet several genera were enriched. Survival and activity of
certain strains under these conditions suggests adaptation to hot conditions such as those in North
Sea oil reservoirs and other deep biosphere environments.
#143 High-throughput screening for the oil and gas sector: Identifying new treatment
strategies and treatment enhancers to treat biosouring.
Authors
1. Hans Carlson - UC Berkeley
2. John Coates - Energy Biosciences Institute, UC Berkeley
Microbial sulfidogenesis (biosouring) in oil recovery operations is economically and
environmentally costly. Recently, we employed a robust high-throughput screening strategy to
screen >30,000 compounds to identify potent inhibitors of microbial sulfidogenesis. Furthermore,
we quantitatively evaluated the selectivity of screen hits to identify compounds, which target
sulfate-reducing microorganisms over other classes of microbes. Thus, we can rank biocides,
antimicrobial or formulation mixtures in terms of both potency and selectivity. Selective
compounds are far less likely to lead to the emergence of resistant sulfate-reducing populations.
Common oil industry biocides including THPS, formaldehye, bronopol and benzalkonium
chloride are non-selective, but inorganic oxyanions such as perchlorate, monofluorophosphate,
and nitrate are all selective inhibitors of sulfidogenesis. Nitrate, while not the most potent or
selective inhibitor of sulfidogenesis, is the most commonly used treatment for souring. Nitrate is
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generally thought to inhibit sulfidogenesis through a combination of biocompetitive exclusion and
production of nitrite by nitrate reducing microroganisms. Nitrite (NO2-) is approximately 10-fold
more potent than nitrate (NO3-) as an inhibitor of sulfidogenesis. As such, amendments which
enhance nitrite production by nitrate reducing populations will increase the efficacy of nitrate
treatment. We used a high-throughput screening strategy to monitor the influence of different
compounds on production of nitrite by marine nitrate reducing enrichment cultures. We identified
several nitrite-production enhancing compounds in our screen including several selective carbon
sources and metals. Such compounds could be co-applied with nitrate to improve nitrate efficacy
for the inhibition of sulfate-reduction. All of the hits from our high-throughput screens have
scaled well to column studies and mesocosms and we also have a high-throughput pipeline for
mechanistic systems biology studies.
#30 Is There Room for Innovation in Tackling Reservoir Souring?
Author
1. Richard Johnson - Oil Plus Ltd
Sulphate-reducing microorganisms (SRM) have been identified in oil field fluids since the 1920s.
SRM reduce sulphate to sulphide, a toxic and corrosive species that impacts on operational safety,
metallurgy and both capital and operational cost. Differences in water cut, temperature, pressure
and fluid chemistry can all impact on the observed H2S concentration, meaning that an increase in
H2S concentration does not always correlate with activity of SRM. However it wasn’t until the
1990s that SRM activity was accepted as the leading cause of reservoir souring (i.e. an increase in
H2S concentrations) in water flooded fields. The process of sulphate-reduction has been well
documented at the genetic, enzymatic and physiological level in pure cultures under laboratory
conditions. DNA sequencing has also identified new groups of microorganisms, such as archaea
which are capable of contributing to reservoir souring. This has led to some recent advances in
microbial control and detection, however, despite this, many of the methods used routinely for
microbial control and detection are over a century old. We therefore revisited a number of
published case studies where different options for souring control have been evaluated to weigh
up their benefits and disadvantages. Modelling and prediction is another important but often
under-used tool in managing microbial reservoir souring. To be truly predictive, models need to
take into take into account not only microbial H2S generation but also partitioning and mineral
scavenging. The increase in ‘big data’ available through increased integration of sensors in the
digital oil field and the increase in the DNA sequencing capabilities through next-generation
sequencing (NGS) therefore offer a unique opportunity to develop and refine microbial reservoir
souring models. This paper will conclude by identifying technological advances that have yet to
be translated into new field-ready methods for microbial reservoir souring mitigation and assess
their likelihood for success, along with some of the future challenges in areas such as deep water
development. With this comprehensive overview of the current and emerging technology we will
highlight areas where significant development effort could generate rewards that can improve
detection, prediction and control of microbial reservoir souring.
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#144 Reservoir microbiology: underlying mechanisms and next generation control of
souring.
Author
1. John Coates- Energy Biosciences Institute, UC Berkeley
Biogenic H2S production in oil reservoir systems (biosouring) has an associated annual cost in
excess of $90 billion globally, and is of major concern for maintaining industrial sustainability
and safety, and preventing ecological disasters. Traditional treatment strategies involve nitrate
addition with the goal of biocompetitive exclusion of SRM in-situ. However, laboratory and field
studies have demonstrated that nitrate inhibition is complex, poorly understood, and
unpredictable. Our studies have investigated the underlying causes and identified several new
potent and specific inhibitors that offer more effective and reliable alternatives. As the first
example of several next generation inhibitors, perchlorate and dissimilatory perchlorate reducing
microorganisms (DPRM) show great promise. We recently confirmed the efficacy of perchlorate
as a potent and specific inhibitor of phylogenetically diverse SRM and sulfidogenic communities
in oil reservoir simulated systems. In addition, we demonstrated that perchlorate acts as a
competitive inhibitor of the ATP-sulfurylase, a highly conserved prerequisite enzyme of the
sulfate reduction pathway. In addition to its direct inhibitory effect on SRM, microbial
perchlorate respiration is significantly more thermodynamically favorable (Eo’ = +797mV) than
sulfate reduction (Eo’ = -217mV), suggesting that the presence of perchlorate will also result in
biocompetitive exclusion of sulfidogenesis by DPRM. Furthermore, all DPRM tested to date
innately oxidize H2S rapidly, and preferentially utilize H2S over labile organic electron donors.
Finally, we observed dramatic differences in hydrocarbon biotransformation and microbial
community response to perchlorate flux. Our ongoing research has resulted in a deeper
understanding of the biogeochemical processes underlying biosouring and allowed for the
development of novel treatment strategies to prevent onset and biosouring reversal once it has
begun. Furthermore, we have developed innovative tools for early detection of biosouring
initiation, and constructed new predictive models to identify biosouring potential. Overall, these
studies offer new directions to limit and control industrial biosouring providing for global
sustainability, through reducing the environmental footprint associated with oil recovery
activities.
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#166 Comparative metagenomics of hydrocarbon and methane seeps of the Gulf of Mexico.
Authors
1. Adrien Vigneron - Shell International Exploration and Production Inc.
2. Eric Alsop - Shell International Exploration and Production Inc
3. Ian Head - Newcastle University
4. Bart Lomans - Shell Global Solutions International BV
5. Nicolas Tsesmetzis - Shell International Exploration and Production Inc.
The Gulf of Mexico is a prolific hydrocarbon basin with oil and gas percolating profusely through
the sediments, leading to numerous places with natural seepages onto the seafloor, where complex
microbial and sometimes animal chemosynthetic communities flourish. Sediments from three
areas of the Mississippi canyon (Gulf of Mexico) were investigated. Consistent with the seep
microbiome, a specific microbial community composition was observed in seepage areas
compared to sediment outside these seepage areas of the Gulf of Mexico. However, comparative
analysis of the microbial community metabolic potential, coupled with the geochemical
characterization of the seeps, revealed unique functions according to the seepage composition.
The microbial community from sediments without any influence from hydrocarbon seepage was
predominated by Planctomycetes and the metabolic potential was based on marine snow
degradation. By contrast, in seep samples with methane as the unique hydrocarbon, methane
oxidation by abundant ANME-1 members was the predominant process. Further, seep samples
with both methane and complex hydrocarbons, the microbial community was predominated by
Chloroflexi and various Deltaproteobacterial lineages with a large potential for hydrocarbon
degradation. These contrasted metabolic potentials suggested that chemosynthetic life in cold
seeps can rely on different processes beyond methane oxidation and that the composition of the
seepage is an important factor structuring the seafloor microbial community composition and
function.
#139 Metaproteomic Analysis of a Methanogenic Benzene-Degrading Culture
Authors
1. Fei Luo - University of Toronto
2. Cheryl E. Devine - University of Toronto
3. Andrew T. Quaile - University of Toronto
4. Elizabeth A. Edwards - University of Toronto
Benzene is a problematic contaminant in groundwater systems, due to its toxicity and
recalcitrance to degradation under anaerobic conditions. Several anaerobic benzene-degrading
organisms have been reported in the literature, however they are not ubiquitous in the
environment. A methanogenic benzene enrichment culture has been studied in our laboratory
where the key organism, a Deltaproteobacteria sp., has been identified. This organism activates
benzene ring under anaerobic condition via an as-yet unknown mechanism. In the current project,
we performed a metaproteomic analysis aiming to identify potential functional genes for
anaerobic benzene activation in this culture. No substrates other than benzene have been identified
that sustain the growth of this Deltaproteobacterium, therefore we attempt to find genes critical to
benzene activation by simply identifying the most abundant proteins expressed. Specifically, we
extracted proteins from a methanogenic benzene-degrading culture, partially separated these
proteins using SDS-PAGE, and performed in-gel protein digestion using trypsin. The peptide
samples were cleaned up with C18 pipette tips and analyzed by LC-MS/MS. The spectra were
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searched using X! Tandem spectrum modeler against the metagenome from the same culture. All
proteins identified were then ranked by their exponentially modified protein abundance index.
Among all proteins from the enrichment culture, all genes involved in the anaerobic benzoyl-CoA
pathway and sulfate reduction were identified, as well as most genes in Wood-Ljungdahl pathway,
suggested that the key benzene-degrading organism could be a sulfate reducer, and it could
potentially transform benzene into carbon dioxide as the final product. Previous efforts to isolate
this strain were unsuccessful however, suggesting that this organism depends on other
microorganisms in the enrichment culture to grow. In addition, the most abundant proteins
identified belonged to two FAD-binding oxidoreductases, as well as a hypothetical protein locates
in the same gene neighborhood. The homologs of these genes were also identified in another
sulfate-reducing benzene-degrading culture, indicating that they may be specific to anaerobic
benzene activation. Results from this study revealed important clues about biological mechanisms
for benzene activation, and identified possible new molecular biomarkers for anaerobic benzene
degradation potential at contaminated sites. These insights will facilitate effective decisionmaking for site management.
#138 Volatile hydrocarbons inhibit crude oil biodegradation under sulphate- reducing
conditions.
Authors
1. Luiza Andrade - Newcastle University
2. Susann Kämpf - Newcastle University
3. Carolyn Aitken - Newcastle University
4. Emma Bell - École Polytechnique Fédérale de Lausanne
5. Bernard Bowler - Newcastle University
6. Angela Sherry - Newcastle University
7. Martin Jones - Newcastle University
8. Neil Gray - Newcastle University
9. Regina Domingues - Universidade Federal do Rio de Janeiro
10. Alexandre Rosado - Universidade Federal do Rio de Janeiro
11. Casey Hubert - University of Calgary
12. Ian Head - Newcastle University
Efficiency of petroleum biodegradation depends on many variables, including oil composition. In
this study, biodegradation of non-weathered (containing low molecular weight – LMW –
hydrocarbons) and weathered (LMW hydrocarbons removed) oil samples in microcosms
incubated under sulphate-reducing conditions was compared. Microcosms containing nutrient
medium and weathered or non-weathered crude oil were inoculated with River Tyne sediment.
The microcosms were incubated under anaerobic conditions, and sulphate and crude oil
hydrocarbon removal were measured over time. Sulphate was measured every two weeks using
ion chromatography (IC). After 350 days, when sulphate concentration was almost completely
removed, the microcosms were sacrificed and crude oil hydrocarbons were extracted and analysed
by gas-chromatography (GC) and gas-chromatography-mass spectrophotometry (GC-MS).
Extensive degradation of alkanes, 3-methylbiphenyland 2-methylnaphthalene was observed. The
extent of hydrocarbon degradation wasmuch greater than that observed in a previous study where
microcosms were incubatedunder the same conditions but were NOT sampled every two weeks
for sulphate analysis. It was hypothesised that the greater extent of hydrocarbon degradation
observed when the microcosms were frequently sampled reflected loss of volatile LMW
hydrocarbons that have been shown to partially inhibit biodegradation. To test this, another longterm experiment was conducted using microcosms that were not subsampled for sulphate analysis,
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but were sacrificially sampled at five time points for sulphate and hydrocarbon analysis. While
there was no significant difference in sulphate-reduction rates in systems treated with weathered
or non-weathered oil, differences in hydrocarbon degradation were noted. After 230 days of
incubation, the total (∑nC10-nC34) alkane concentrations in microcosms treated with weathered oil
were reduced by 50%, whereas no significant alkane degradation was observed in the microcosms
treated with non-weathered oil. Degradation of 2-methynaphthalene was evident after 105 days in
microcosms containing weathered oil, but not until 160 days in microcosms containing nonweathered oil. The genes involved in methylnaphthalene metabolism (nms) and anaerobic alkane
degradation (ass) were detected in both systems after 160 days of incubation
#155 Patchy distribution of methanogenic archaea and hydrocarbon-degrading fungi in
Northern Alberta oil sands deposits.
Authors
1. Christina Ridley - University of Calgary
2. Dongshan An - University of Calgary
3. Stan Stancliffe - Suncor Energy
4. Gerrit Voordouw - University of Calgary
Little is known about the microbial ecology of the subsurface oil sands in Northern Alberta,
Canada. Progressive biodegradation of low molecular weight hydrocarbons by indigenous
microbes has resulted in an enrichment of high molecular weight hydrocarbons. These recalcitrant
hydrocarbons make up approximately 20% of the oil sands, with the remainder being 78% sand
and 2% water. This makes for an extreme environment with low nutrient availability and limited
access to carbon and water; thus, resulting in a very low biomass. Improved DNA isolation
protocols and increasingly sensitive sequencing methods have allowed for an in-depth
investigation into the microbial ecology of this unique environmental niche. Microbial community
studies have been performed on core samples (n=80) that were retrieved from 3 wells located in
the Athabasca oil sands between 220 to 320 meters below the surface. A patchy distribution of
methanogenic archaea and fungi with oil degrading potential was observed throughout the
subsurface. Two distinct and mutually exclusive methanogenic subgroups were detected.
Furthermore, one subgroup is linked to the presence of Thauera, suggesting possible syntrophic
relationships between these microbes. Additionally, long-term incubations of cores under
microaerophilic conditions have supported the growth of fungal communities, which have
previously been identified as hydrocarbon degraders. The variable community structures within
these core samples may be a product of varying geochemical environments. Identifying oil
utilizing microbial communities in this unique system are a prerequisite for advances in
biotechnologies, such as subsurface microbially-enhanced oil recovery or surface bitumen
bioremediation.
#154 Biodegradation of crude oil and impact on arctic microbial populations in sea ice and
seawater following in situ oil spill treatments in Svalbard.
Authors
1. Kate Boccadoro - International Research Institute of Stavanger (IRIS)
2. Adriana Krolicka - International Research Institute of Stavanger (IRIS)
3. Fanny Chever - Le CEDRE
4. Sreerekha Ramanand - International Research Institute of Stavanger (IRIS)
5. Elin Austerheim - International Research Institute of Stavanger (IRIS)
6. Stephane Le Floch - Le CEDRE
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The work presented here investigates the persistence and biodegradation of different oil
compounds in the sea ice and seawater, and their impact on microbial populations following an in
situ simulated oil spill and different oil treatment scenarios. Purpose-built, semi-open mesocosm
structures placed into the sea ice in Svalbard, and different exposure experiments were conducted
(crude oil only, dispersant addition, in situ burning, and controls). Ice cores and seawater samples
were collected over more than three months to follow the oil composition and microbial
population through the ice layers down to the water column. Total and active microorganisms
were sequenced and characterized, and specific species and genes were quantified to investigate
the microbial response to oil spills and the inherent ability of indigenous microorganisms to
degrade petroleum compounds. These results were combined with the oil chemical profile to
evaluate the fate of this oil in Arctic sea ice/water. Analyses carried out on ice cores from oilcontaminated sites showed a change in microbial community structure, with an increase in
psychrophilic alkane degraders. In particular, high numbers of the Oleispira genus were detected
and active, making up to more than 50% of the bacterial population in the sea ice. In the seawater
below the ice layer, Oleispira was detected at a higher level in the oil+dispersant contaminated
mesocosm, indicating a migration of oil compounds through the ice layer. This result is consistent
with the much higher number of organisms from the Colwellia genus found in these mesocosms.
This microbial population shift happened faster in the presence of dispersant, for which significant
changes in the ice layers could be observed within a month. However, the bulk of the oil remained
as one immobile layer, which leaves it scarcely bioavailable and therefore persistent in the sea ice
throughout the experiment. Burning of oil on the surface yielded much the same result for the
burn residues, whereas dispersant treatment indicated enhanced and faster migration of oil
compounds through the ice layer. This is consistent with dispersants increasing the oil component
surface area and therefore the bioavailability of degradable oil components.
#175 OILSPORE: Crude oil biodegradation by spore-forming sulfate-reducing bacteria what happened to the usual suspects?
Authors:
1. Ana Suarez-Suarez - Newcastle University
2. Angela Sherry- Newcastle University
3. Luiza L. Andrade- Newcastle University
4. Carolyn M. Aitken- Newcastle University
5. Bernard F.J. Bowler- Newcastle University
6. D. Martin Jones- Newcastle University
7. Juliane Bischoff- Newcastle University
8. Stephen R. Larter- Newcastle University
9. Emma Bell- Newcastle University
10. Casey Hubert- Newcastle University
11. Ian M. Head- Newcastle University
Spore-forming sulfate-reducing bacteria have many potentially important roles in petroleum
systems. They may survive in hot subsurface petroleum reservoirs and lead to problems of souring
and corrosion when injection water cools the reservoir sufficiently to allow spore germination and
they may even seed cold-surface surface sediments with thermophilic sulfate reducers that escape
from leaky petroleum reservoirs and may thus offer a novel target for petroleum prospecting.
Spore-forming hydrocarbon-degrading sulfate-reducing bacteria also exist and again may cause
problems of souring and corrosion while consuming crude oil hydrocarbons in anthropogenically
cooled formations. Here we discuss the (slightly accidental) discovery of crude-oil degrading,
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spore-forming sulfate-reducing bacteria and how assumptions about the organisms responsible
have potentially lead us down some wrong paths. Re-appraisal of our initial assumptions and reanalysis of our oil-degrading systems which driven by spore-forming sulfate-reducers we have
begun to develop new conceptual models for the anaerobic degradation of crude oil hydrocarbons
under sulfate-reducing conditions.

Session 03 Microbial biotransformations from: Subsurface, Biofuels
to MEOR and Reservoir microbes.
Invited Talks
#172 Unveiling diversity and potential metabolic pathways for hydrocarbon biodegradation
in Brazilian petroleum reservoirs
Author
1. Valéria Maia de Oliveira - University of Campinas- UNICAMP
Petroleum reservoirs are deep subsurface environments of global importance as energy resources
and in biogeochemical cycles. Microorganisms living in petroleum reservoirs are able to use
petroleum hydrocarbons as carbon sources, leading to biodegradation and negatively affecting the
quality and economic value of oil. However, little is known about the actual metabolic processes
involved in biodegradation, mainly because of the difficulty in recovering the complex microbial
community of such extreme environments. Evidences on the microbial diversity and metabolic
potential for hydrocarbon degradation in Brazilian oil reservoirs have been gathered by our
research group in the last decade using culture-dependent and independent approaches. However,
due to the high diversity and low abundance of microbes in the reservoir environment, as well as
the synthrophic nature of their interactions, the exact mechanisms responsible for petroleum
degradation remain unclear. Recently, we used high-throughput Illumina metagenome sequencing
for an in-depth investigation of the microbial taxonomic and functional diversity in oil and water
fluids from non-waterflooded high-temperature petroleum wells from the Recôncavo Basin,
Brazil, and to assess the anaerobic degradation mechanisms of the indigenous microbiota under
different physicochemical conditions. The study revealed clear differences in the metagenomic
profiles between the degraded (BA-1) and non-degraded (BA-2) oil samples. The metagenome
from the BA-1 sample showed high abundance of genes related with the anaerobic hydrocarbon
degradation, methanogenesis and syntrophic associations, while the BA-2 sample showed
abundance of aerobic hydrocarbon degradation genes. Correspondingly, a microbial anaerobic
active consortium was successfully cultivated from the BA-1 oil sample capable of metabolizing
the crude oil components to methane. Higher rates of methane production were observed at the
lowest salinity and at the in situ reservoir temperature. Together, the highest salt concentration
(120 g.L-1) and temperature (70 ºC) tested showed to inhibit the methanogenic activity of the
consortium. Data obtained demonstrate that crude oil can harbour an indigenous microbiota with
the ability to degrade petroleum hydrocarbons predominantly via methanogenic metabolism.
Results gathered herein, and the ongoing work, will help us to understand the potential roles of
microbes in hydrocarbon biodegradation and how such organisms respond to the environmental
conditions in the petroliferous subsurface.
#142 Microbiomes of biodiesel storage tanks and their role in fouling, degradation, and
corrosion
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Authors
1. Blake Stamps - Colorado School of Mines,
2. Caitlin Bojanowski - Air Force Research Laboratory
3. Heather Nunn - University of Oklahoma
4. Carrie Drake - Air Force Research Laboratory
5. Wendy Crookes-Goodson - Air Force Research Laboratory
6. Bradley Stevenson - University of Oklahoma
Soon after converting tanks, dispensers, and vehicles to 20% biodiesel blends (BDI), Air Force
bases began to report many fuel “issues”, mainly the presence of particulates in the fuel and
fouling of filters on dispensers. We tested the hypothesis that microbial contamination and
proliferation were the root cause of these issues by characterizing the density, composition, and
metabolic activity of the microbiomes found in these “built environments”. The microbial
assemblages in BDI tanks at two Air Force bases were monitored for 12 months using high
throughput sequencing of 16S/18S rRNA gene libraries, qPCR, microscopy, MPNs, and ATP
measurements. Contamination and low fuel quality was directly related to proliferation of the
filamentous fungal genus Byssochlamys. Fungal and bacterial organisms from numerically
dominant populations were isolated from fuel and biofilm samples and used, along with chemical
analysis of fuel/water found in the tanks, to confirm microbial degradation of the BDI. We also
hypothesized that the microbial degradation of BDI would increase the risk of microbially
influenced corrosion (MIC), which was tested using carbon steel “witness” coupons incubated in
the storage tanks. Surface analysis of the witness coupons definitively linked microbial population
density and biofilm formation with the highest rates of corrosion and degradation. Proliferation of
the microbiomes in BDI storage tanks was detrimental to the fuel and infrastructure. This
information is now being used to enhance the prevention, detection, and mitigation of microbial
contamination in BDI systems at Air Force bases and across the Department of Defense.
#107 MEOR Revisited by Wintershall-BASF: Why and How?
Authors
1. Hakan Alkan - Wintershall Holding GmbH
2. Nicole Dopffel - BASF SE
Oil is continuing to be a significant energy source providing 32% of the primary supply
worldwide with a steadily increased oil consumption around 70% in the last four decades in a
critical supply-demand balance. The most limiting factors are the decreasing likelihood of
exploring new fields and also the recovery factor reflecting the oil fraction that can be produced
from a reservoir. The ultimate objective of the enhanced oil recovery (EOR) methods is to
increase the recovery factor. Therefore, the correct design and application of EOR methods gain
increasing importance worldwide. Microbial enhanced oil recovery (MEOR) being the cheapest
method available is categorized under the “other” EOR methods with great emphasis on
environmentally friendly applications. The development of microbiological science and
technology assured continuous interest in MEOR since the 1950’s. However, due to the
complexity of the process and case specific requirements, the field applications remained as black
boxes in which the microbiological stimulation, modelling and operational results were given
mostly as rough evaluations rather than quantifications. Taking on the challenge, WintershallBASF has been working on MEOR effectively since five years with a relatively quick, strong and
attractive outcome. A well-defined workflow was developed starting from sampling and
cultivation of microbes going through numerical predictions for a pre-screened field in an in-situ
MEOR scheme. The responsible EOR mechanisms are isolated and modelled with laboratory
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tools providing data for predicting their value generating capacities in field scale. The risk
assessment is considered an important component of this workflow as well. The recently applied
Huff’n Puff application and the planning of a multi-well pilot in the target field revealed the
operational issues and economic parameters for further development. The talk will give an
overview on the potential of MEOR in terms of its technical and economic features: Why and how
MEOR should be applied, the main screening criteria and tools for performance predictions. Risk
management concepts and operational aspects are described with data from the developed
workflow. Pros and cons, similarities and differences are provided with comparison to other
conventional EOR methods.
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#141 Using Biomolecules to Observe the Presence, Activity and Diversity of Microorganisms
in Oilfield Systems
Authors
1. Brandon Morris - Dow Microbial Control
2. Andrea Gruner - German Research Centre for Geosciences - GFZ
3. Kai Mangelsdorf - German Research Centre for Geosciences - GFZ
4. Andrea Vieth-Hillebrand - German Research Centre for Geosciences - GFZ
5. Geert van Der Kraan - Dow Microbial Control
6. Christoph Janka - Rohöl-Aufsuchungs AG (RAG)
A longitudinal study of two onshore oil production facilities was completed to compare traditional
DNA-based measures of microbial populations, using qPCR and next-generation sequencing
(NGS), with the use of biogeochemical approaches including phospholipid fatty acid and
signature metabolite analyses. The water samples originated from oil fields located in the Molasse
Basin of Upper Austria, and were collected from producing wells, settling tanks, buffering tanks,
and injection wells, respectively. The oil fields have been operated by the same company for
many years and have similar oil geochemistries, yet are contrasted by depth of the reservoirs,
downhole temperatures, and production chemistry regimes. Population structure and diversity, as
well as the diversity of biomolecules including lipids and metabolites, were affected by
temperature, presence and ratios of water to oil, and the concentrations of sulfate, sulfide, and
volatile fatty acids in the aqueous phase. A large diversity of signature-metabolites and
downstream organic acids demonstrated that microbial metabolic processes are present in the
topside facilities as well as in the reservoirs. Populations of microorganisms were most abundant
and diverse in topside water and settling tanks, and both parameters were affected by production
management strategies. High-level taxonomic assignments provided by the PLFA analyses, in
general, corresponding well with the NGS results, however the combination of the two methods
provides additional information about the metabolic state of the cells and indications of the water
chemistry within the sampled locations. In general, each biomolecular target offers a unique
picture of the microbial community or physiological process occurring in the two facilities.
However, when used in combination, it is possible to better identify areas with high microbial
activity and monitor the effectiveness of microbial control and production chemistry applications
over a large field scale.
#88 The Real Rock GeoBioCell: A Microfluidics Test bed for Quantifying Subsurface Oil
Field Microbe-Water-Rock Interactions.
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Authors
1. Glenn Fried - University of Illinois
2. Mayandi Sivaguru - University of Illinois
3. Ella Fried - University of Illinois
4. Rajveer Singh - University of Illinois
5. Robert Sanford - University of Illinois
6. Martin Carrera - BP Biosciences Center
7. Charles Werth - University of Texas
8. Prof. Bruce Fouke - University of Illinois
Basic properties of rock such as porosity, permeability and mineralogy control flow and
physicochemical interactions between liquids and microbes in subsurface sedimentary rock. This
is true for a wide variety of environments that range from shallow groundwater aquifers to deeply
buried hydrocarbon reservoirs. Imaging fluid flow in these conditions has been done using
Silicon-etched micromodels at the pore scale, yet they are incapable of replicating the
geochemical and 3D pore networks actually present in subsurface lithologies. To gain a more
complete and accurate understanding of these pore scale processes, we have developed a new
microfluidic experimental test bed called the real rock GeoBioCell. The objective here is to
produce an experimental platform that will allow high-resolution imaging to be used to study
physical, chemical, and biological interactions in the subsurface environment. To this end, actual
subsurface core samples of Clair Group sandstone from the North Sea have been cut, polished and
mounted within a microfluidic channel with a cover slip, which provides optimal imaging with
transmitted light, single-photon, and two-photon (780 nm) fluorescence and Fluorescence
Lifetime Imaging Microscopy (FLIM) measurements techniqiues. By using the combination of
these optical techniques, the difficulties of imaging in highly absorptive materials such as crude
oil and sandstone can be overcome. Two-photon imaging penetrates rock pore structure no more
than 150 microns in depth due to scattering of the longer wavelength light. Combined spectral
data from these methods have been used to distinguish cell media labeled with borondipyrromethene (Bodipy), fluorescent proteins labeled Escherichia coli strain 307, and crude oil
within the GeoBioCell. FLIM was used to separate the broad oil auto fluorescence from the
microbe and media signal. Fluorescence lifetime data can also be used to examine the oil-water
interface within the actual rock pore structure. Our future application of these techniques is to
quantitatively track oil-water-rock-microbe interactions and reactive transport will be conducted
within the GeoBioCell under elevated pressure and temperature conditions that more closely
simulate subsurface oil field conditions.
#173 Distributions of thermophilic, endospore-forming bacteria in hydrocarbon seep
prospective sediments in the Eastern Gulf of Mexico
Authors
Anirban Chakraborty - University of Calgary
Carmen Li - University of Calgary
Daniel Gittins - University of Calgary
Emily Ellefson - University of Calgary
Bernie Bernard - TDI Brooks International, College Station
James Brooks - TDI Brooks International, College Station
Casey Hubert - University of Calgary
Dormant endospores of thermophilic bacteria (thermospores) can be routinely detected in
permanently cold marine sediments. These hardy and low-abundance endospores, belonging to the
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phylum Firmicutes, remain undetected in typical nucleic-acid-based community surveys, but
proliferate when sediments are experimentally heated. Thermospores are close phylogenetic
relatives of microorganisms indigenous to subseafloor petroleum reservoirs; if they originate from
these deep habitats, hydrocarbon seepage from reservoir to seabed could explain their occurrence
in the cold ocean. As such, thermospore distributions and physiological features around seabed
hydrocarbon seeps might have utility in locating and characterising working petroleum systems.
Marine sediments from 111 locations in the Eastern Gulf of Mexico (100 to 3300 m water depth;
6 to 600 km apart) were sampled during an industry-sponsored piston coring survey. Geochemical
analyses of three segments per core allowed oil-positive and oil-negative classifications for each
location. To test for thermospores, sediments were thawed and amended with 20 mM sulfate and a
mixture of organic substrates, pasteurized at 80°C, and incubated at 50-55°C for 14 days.
Thermophilic sulfate reduction occurred to a greater extent in oil-positive sediments (n=59/71)
relative to the oil-negative (n=25/40) sediments. 16S rRNA gene amplicon libraries (V3-V4
region; Illumina MiSeq) before and after 14 days of high temperature incubation revealed
enrichment of species-level thermospore OTUs in all 110 locations except one. Using abundance
cut-offs, 115 significantly enriched thermospore OTUs were chosen to investigate thermospore
biogeogrpahy in the study area. Most of these OTUs were considered to be endemic, with only 16
OTUs present in >20 locations. Furthermore, 26 OTUs appeared only in a single location, with 16
of these instances being oil-positive sediments. The ability of thermospores to survive in cold
sediments where they can be routinely detected in high temperature activity assays despite low in
situ abundance points towards potential utility for these organisms as biosensors for hydrocarbon
seep prospection in offshore oil and gas exploration.
#100 Integrated Approaches to Exploration of the Subsurface Biosphere Inhabiting the
Cambrian Mt. Simon Sandstone, Illinois Basin, USA
Authors
1. Yiran Dong - University of Illinois
2. Robert Sanford - University of Illinois
3. Bruce Fouke - University of Illinois
The majority of microbial life inhabits formation water and mineral surfaces within the subsurface
of our planet. The subsurface microbial biosphere therefore plays a dynamic role in a variety of
biogeochemical processes. For the last 5 years, our cross-disciplinary team has performed
integrated studies of the indigenous microbial communities inhabiting the Cambrian Mt. Simon
Sandstone of the Illinois Basin. This is a high porosity and permeability hydrocarbon-free
geological formation that is analogous to many oil and gas reservoirs around the world. This work
combined subsurface microbiology (omics-based and culture-based), geochemistry, and
mineralogy to quantitatively track subsurface microbial ecology, microbe-water-rock interactions,
and their associated metabolic potentials. The Mt. Simon therefore serves as a uniquely wellsuited and accessible natural subsurface environment to understand biogeochemical processes that
range from the molecular-to-basin scale, with results directly applicable to analogous oil fields. In
the course of this work, we have successfully isolated and characterized two novel iron-reducing
organisms, Orenia metallireducens and Tepidibacillus decaturensis from the 1.7-2.0 km deep
formation water of the Mt. Simon Formation. Combined genomic, physiological, thermodynamic
and metabolomic analyses has demonstrated that the phenotypic and genotypic traits of these
deep-subsurface organisms cannot be easily understood by comparison to well-studied model
iron-reducing bacteria (e.g., Shewanella and Geobacter spp.). For example, Orenia
metallireducens from the Mt. Simon exhibits an enhanced capacity for fermentation in the
presence of ferric iron minerals when compared to fermentation alone. In contrast to the ferric
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iron acting solely as an electron sink to promote fermentation, we found that iron reduction
benefited this bacterium by neutralizing the acid generated (“souring”) due to fermentation and
maintaining stable pH conditions for microbial metabolism. In addition, using amplicon- and
community-based metagenomics, our work has identified Mt. Simon microbial communities that
are spatially heterogeneous (by depth) in both structure and diversity. For instance, metagenomic
analyses at the 1.78 km deep interval detected a low-diversity community dominated by
Halomonas sulfidaeris. In this 98% Halomonas-dominated community sequence analysis of
identified genes suggested that this population could utilize iron and nitrogen, recycle indigenous
nutrients and can potentially degrade aromatic organic compounds associated with hydrocarbons.
#31 Key players of nitrate reduction in oil reservoirs and their potential in enhanced oil
recovery.
Authors
1. Navreet Suri - University of Calgary
2. Paul Stanislav - University of Calgary
3. Gerrit Voordouw - University of Calgary
Alkylbenzenes are preferred electron donors for nitrate reduction by heterotrophic nitratereducing bacteria (hNRB) of the genera Thauera and Pseudomonas. However, these are present in
heavy oils at low concentration (1-2 mM). Based on these observations we have proposed a new
hydrocarbon- and nitrate-mediated microbially enhanced oil recovery (HN-MEOR) strategy. This
involves injection of up to 5 mM of aqueous toluene to increase the toluene content of residual oil
in place (ROIP) followed by injection of high nitrate (80 mM) to stimulate oil emulsification by
hNRB. Injection of sand-packs containing 0.5 pore volumes (PV) of toluene-amended ROIP with
nitrate and a batch-wise cultivated hNRB consortium gave up to 0.10 PV of additional ROIP.
More recently we have found that ethylbenzene can replace toluene, producing up to 0.08 PV of
ROIP. Additional oil production was associated with oxidation of toluene or ethylbenzene in the
oil phase and reduction of nitrate in the aqueous phase. Because use of these substrates in batch
cultures was often incomplete we established continuous cultures of an hNRB consortium, which
received 10 mM nitrate and 1.4 mM toluene or 1.2 mM ethylbenzene at dilution rates of 0.1, 0.2
or 0.3 h-1. Microbial community analyses indicated Thauera (26-70%), Pseudomonas (3-21%),
Azonexus (1-11%) and Acetoanaerobium (1-11%) as major components of these continuous
cultures. We have isolated a Thauera and a Pseudomonas species from these cultures and have
verified their ability to reduce nitrate with acetate, benzoate, toluene or ethylbenzene as electron
donors. Interestingly, these reduced nitrate only partially to nitrite with toluene or ethylbenzene. A
third community component did not use toluene or ethylbenzene, but used polymeric
carbohydrates (including agar) to reduce nitrite (but not nitrate) to nitrogen. Thus a consortium
minimally consisting of these three bacteria maybe needed for rapid nitrate-mediated oxidation of
toluene and ethylbenzene. The HN-MEOR potential of this consortium is currently being
investigated.

Session 04 'Omics' technology for the oil and gas industry
Invited Talk
#171 Anaerobic Benzene Biodegradation
Author
1. Elizabeth Edwards- University of Toronto
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Benzene is a component of crude oil and gasoline and also a common industrial chemical. It is
also a proven human carcinogen and a prevalent groundwater contaminant. Compared to other
monoaromatic hydrocarbons like toluene and xylene, benzene is far more resistant to degradation
in the absence of oxygen. Despite the relative persistence of benzene in anoxic groundwater
plumes, microbial cultures have been enriched that are capable of degrading benzene
anaerobically. The key organisms in these cultures have also been identified, and these appear to
belong to relatively restricted phylogenetic groups. There is considerable interest in developing
mechanistic understanding and specific biomarkers to confirm and monitor in situ anaerobic
biodegradation of benzene. We have used a variety of metagenomics, metatranscriptomic and
metaproteomic approaches as well as culturing and enzyme assays to try to uncover the elusive
mechanisms for anaerobic activation of the unsubstituted benzene ring. A putative anaerobic
benzene carboxylase may be one key to the puzzle, possibly requiring a newly discovered
prenylated FMN co-factor. The current understanding of the genes and enzymes implicated in
anaerobic benzene degradation will be discussed.

Offered Talks
#167 The Reasons Why Metabolomics is the Ideal Tool for MIC Detection and Mitigation Connections with Corrosion Mechanisms
Authors
1. Prof Jan Sunner - University of Oklahoma
2. Prof. Iwona Beech - University of Oklahoma
With the objective to develop a powerful tool for corrosion risks management, in particular as it
applies to biofilm-driven corrosion, University of Oklahoma team has in the past several years
developed the use of HPLC/high resolution mass spectrometry to analyze the wide variety of lowmolecular weight organic compounds (the “oil-field metabolome”) present in both produced water
and corrosion debris, recovered from oilfield structures worldwide. Thousands of compounds are
detected in each sample. Using statistical analyses of metabolic profiles from hundreds of samples
in numerous studies, it has been found that the metabolomic profiles of individual samples contain
information on current corrosion rates, both general and pitting. Moreover, metabolomics can be
employed to detect changes in a system that, if unabated, would result in a change in corrosion.
These observations beg the question why the metabolome is closely related to the corrosion
process? The connection between the metabolome and MIC has been explored by various
approaches. In laboratory experiments, the role of selected model organic compounds on the
abiotic corrosion of carbon steel, have been investigated. Acetate and propionate was found to be
protective. In contrast, lactate increased the rate of general corrosion, while pyruvate was found to
cause severe pitting of carbon steel already at millimolar concentrations. Pyruvate plays a central
role in metabolism and is commonly produced and released by biofilm cells. Pseudomonas
aeruginosa biofilms are known to release pyruvate when the oxygen concentration decreases
sufficiently. In experiments in which the oxygen pressure was cycled in cultures of genetically
modified P. aeruginosa biofilms, the pitting corrosion was the most severe with a mutant
designed to maximize pyruvate release, but essentially absent in a mutant designed to inhibit
pyruvate release. These results demonstrate that the metabolome is of decisive importance to the
corrosion process, consistent with corrosion (including MIC) being essentially a chemical process.
In addition to the metabolome having a “direct“ influence on the corrosion process, there are other
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reasons why strong correlations between metabolic profiles and corrosion are observed, and these
will be discussed.
#156 Cultivation independent microbial genomics for de-risking offshore deep water oil and
gas exploration
Authors
1. Carmen Li - University of Calgary, Canada
2. Deidra Stacey - University of Calgary, Canada
3. Anirban Chakraborty - University of Calgary, Canada
4. Bernie Bernard - TDI Brooks
5. James Brooks - TDI Brooks
6. Adam MacDonald - Nova Scotia Department of Energy, Canada
7. Jamie Webb - Applied Petroleum Technology
8. Martin Fowler - Applied Petroleum Technology
9. Casey Hubert - University of Calgary, Canada
Offshore oil and gas exploration relies heavily on hydrocarbon seep detection through
geochemical analyses of seabed sediment cores. Geochemistry can indicate hydrocarbon potential
and the presence of working petroleum systems in prospective areas, but does not eliminate the
risk of drilling ‘dry holes’. With drilling costs in deep water areas reaching hundreds of millions
of dollars per well, additional and complementary tools for prospecting are welcome. Microbial
genomics could offer key insight into the hydrocarbon potential in these areas by revealing
anomalous diversity patterns or distributions of indicator taxa to help to pinpoint hydrocarbon
seeps. This was tested in deep-sea areas of the Eastern Gulf of Mexico and the Scotian Slope in
Atlantic Canada, with samples obtained on piston coring expeditions for surface geochemical
prospection. Bacterial community compositions were determined in over 300 sediment samples,
from the top few centimetres down to 10 metres sediment depth through sequencing up to
triplicate 16S rRNA gene amplicon libraries on an in-house Illumina MiSeq coupled to in-house
bioinformatics using MetaAmp (http://ebg.ucalgary.ca/metaamp/). Parallel geochemical analyses
followed industry standards for assessing the presence and quantity of petrogenic hydrocarbons;
this revealed a fraction of sampling locations in both regions with oil indications. Distributions of
bacterial groups known from growth-based studies to be associated with hydrocarbondegradation, i.e. members of the Gammaproteobacteria and Chloroflexi, were relatively uniform
in Scotian Slope samples. However, a distinct trend was observed in the dominance (i.e., >20%
relative abundance) of a single OTU (defined at 97%) belonging to the relatively undescribed and
so far-uncultivated phylum Atribacteria in surface and subsurface sediments at sites that were
geochemically hydrocarbon-positive. In one instance,where confident geochemical interpretation
was impossible, genomics reproducibly revealed >30% of the Atribacteria OTU. In Gulf of
Mexico sediments closely related Atribacteria were also detected, and were only in high relative
abundance (>5%) in geochemically ‘oil positive’ locations. These findings demonstrate the value
of microbial genomics, both in comparison to growth based bioassays (i.e. a promising biosensor
candidate from uncultivated microbial ‘dark matter’), and more broadly as a tool that can support
geochemical data interpretation for offshore prospecting.
#93 Environmental surveillance of marine oil releases using an autonomous ecogenomic
sensor.
Authors
1. Andrea Bagi - International Research Institute of Stavanger
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2. Kamila Knapik - International Research Institute of Stavanger
3. Mari Mæland Nilsen - International Research Institute of Stavanger
4. Adriana Krolicka - International Research Institute of Stavanger
5. Catherine Boccadoro - International Research Institute of Stavanger
6. Thierry Baussant - International Research Institute of Stavanger
Rapid environmental changes and pollution in remote marine environments, e.g. pristine Arctic
region, may arise from expansion of oil and gas exploration activities. Timely delivery of critical
information for mitigating environmental impacts of accidental oil releases in such areas are
necessary yet challenging the applicability of classical monitoring tools. There is a need for
innovative and automatized monitoring methods and devices with rapid feedback. This
presentation will report research aiming at using a state-of-the-art autonomous device, the second
generation of the Environmental Sample Processor (2G-ESP), for near real-time detection of
marine microbes involved in oil biodegradation. The 2G-ESP is a robotized genosensor, capable
of unattended operations in the field, currently designed for deployment on a mooring or a drifter.
The new generation of ESP under development will fit in a long-range autonomous unattended
vehicle. ESP applies molecular probe technology in situ on water samples to identify and quantify
selected microbial species. Natural marine microbial communities are sensitive to the presence of
hydrocarbons, and rapid changes in community composition occur immediately after oil
contamination. Since increased abundance of hydrocarbon degrading bacteria in a particular
environment reflects recent hydrocarbon exposure, this information can be used to infer
occurrence of small to medium oil releases. When developed, the 3G-ESP instrument will use a
miniaturized surface plasmon resonance (SPR) module and other analytical modules (e.g., ddPCR
to replace current qPCR) for detection. Within the Genomape project, our aim is to develop
molecular assays targeting obligate hydrocarbon-degrading bacteria using phylogenetic and
functional genes in a manner compatible with the current and future ESP analytical modules. For
this project, a library of functional genes will be first generated and we will use
metatranscriptomic analysis (RNA-sequencing) of hydrocarbon exposed seawater samples. Using
the obtained and already published sequences, molecular probes will then be designed,
implemented and tested for qPCR analysis mimicking 2G-ESP protocols and SPR protocols
compatible with the future 3G-ESP. Here, the results of the metatranscriptomic analysis and PCR
probe design will be reported. We will also present the general workplan and vision of the project
to use ESP for monitoring oil and gas activities.
#125 Metabolomics as a tool for corrosion diagnostics: Investigation of produced water
samples from different oil field systems with varying rates of corrosion.
Authors
1. Dr. Vincent Bonifay - University of Oklahoma
2. Dr. Kathleen Duncan - University of Oklahoma
3. Dr. Zakari Makama - University of Oklahoma
4. Mr. Pierre Souquet - Total SA
5. Prof. Iwona Beech - University of Oklahoma
6. Prof. Jan Sunner - University of Oklahoma
Microbiologically-influenced corrosion (MIC) resulting from the presence of complex biofilms is
known to occur in both engineered and natural systems. Notwithstanding considerable research
efforts over the past five decades, processes governing MIC are still not fully understood. There
is, thus, an urgent need to develop effective methods to better predict and mitigate MIC. Efforts
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to solve MIC problem based solely on collecting genomic data representing planktonic and, less
frequently, biofilm, communities have met with limited success. This lack of progress is likely
due to the fact that although chemical environment at the metal surface plays a critical role in
determining the severity and type of corrosion and, until recently, genomic information on the
innermost surface-associated microbial population, that directly influences this chemistry, was
lacking. Moreover, the complexity of microbial interactions governing electron transfer processes
to and from metallic compounds, that are pertinent to corrosion, is far from being understood.
Relevant genes that code for these processes and could serve as MIC markers are yet to be
identified. In the past few years it has been demonstrated that methods of mass spectrometry, in
particular, metabolomics, offer a grate promise as tools for MIC management and that integration
of metabolomics and metagenomics aids MIC prediction. This communication presents the results
of metabolomics analysis of produced water collected from three different “assets” in the Gulf of
Guinea varying in rates of corrosion. Samples underwent chemical extraction and concentration
procedures and were characterized using an ultra-high-performance liquid chromatograph (UPLC)
coupled to a quadrupole-time-of-flight, high resolution mass spectrometer (QTOF/HRMS). A
robust workflow for the analysis of the UPLC/HRMS data from these samples was developed,
leading to the detection of thousands of compounds. Statistical analysis of the metabolomics data
revealed significant differences were observed in the metabolomes between the assets.
Importantly, a strong correlation was revealed between the metabolic profiles of production fluids
and the extent of corrosion, as well as the proposed mechanisms of deterioration. The latter were
categorized as either CO2 or MIC-driven. The results of investigation confirmed that
metabolomics should be considered an emerging platform highly suitable for MIC risk
management.

Session 05 Modelling for the oil and gas industry
Invited Talk
#73 Modelling microbiologically influenced marine corrosion of steels.
Author
1. Robert Melchers - The University of Newcastle, Australia
In practice engineers and others need tools for predicting the amount of corrosion for the safe
management of steel infrastructure exposed to marine environments. Such corrosion may include
the effect of microbiological activity. Typically, most interest is in the factors that intensify the
corrosion severity and also in how it might be ameliorated. Interest also is in being able to predict
the likely amount or severity of corrosion at some time in the future. Preferably this should be
done quantitatively and with a high degree of accuracy. In turn this suggests the need for
mathematical-probabilistic models, based on scientific principles and the available practical
understanding of the corrosion processes. Basic marine corrosion development in clean coastal
seawaters is considered first, followed by the influences of factors such as water temperature and
velocity and wave action, steel type, etc. Attention is then turned to the potential influence of
bacteria and other microbiological species in causing increased corrosion in marine environments.
Since species identification has thus far proved difficult to relate to effects on corrosion, a much
simpler approach has been exploited, namely that of relating the availability of critical nutrients
such as DIN to corrosion severity. This has shown good correlation for longer-term (years)
corrosion of steels immersed in seawater and also for so-called accelerated low water corrosion of
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coastal structures such as sheet piling. These ideas have been applied also to the internal corrosion
of water injection pipelines used in the oil and gas sectors. For these, corrosion can be very severe
but this is not always the case, even under what would appear to be very similar operational
conditions. The most critical problem is channeling corrosion. This has long been associated with
MIC and is the subject to many studies. These have shown the abundant presence of
microorganisms in pipelines subject to MIC, including channeling corrosion, but also in pipelines
without such corrosion. The reasons for the severe channeling corrosion are outlined and related
to recent observations in laboratory studies that have included conditions favourable to MIC and
conditions unfavourable to MIC.

Offered Talks
#148 Handling Microbiological Uncertainty in Reservoir Souring Simulation
Author
1. Paul Evans - Chevron Energy Technology Company
The production of H2S due to microbiological reservoir souring associated with water flooding
has a multi-million dollar impact on oilfield operations. This includes safety considerations in
producing this toxic gas, material selection appropriate for H2S partial pressure over field life and
installation of H2S scavenging equipment in order to achieve gas export specification. Over the
past 25 years a number of souring models have been developed to predict the onset and magnitude
of H2S production associated with reservoir souring. These models range from H2S generation
localised in the near injection wellbore to models where H2S generation only occurs within an
injection water – formation water mixing zone. A key consideration in developing confidence in
the predictive capabilities of these models is the ability to match to historical H2S production.
However, there is no unique solution in achieving a history match, and different souring scenarios
can potentially achieve a good match to the same historical H2S production, particularly at the
field scale. Key uncertainty parameters include the amount and distribution of biofilm
development within the reservoir and the availability of various electron donors from
formation/injection water and residual oil. In addition, in order to better constrain the match
additional parameters should be considered, including injection water breakthrough, sulphate
depletion within the reservoir and H2S production at the well level. Continued characterization of
subsurface microbial consortia can reduce uncertainty in reservoir souring simulation. Some key
considerations include the availability and kinetics of metabolism of different carbon sources
within the reservoir, quantification of limiting factors on H2S generation and the identification of
potential biostats. This presentation gives examples of souring data, quantification of uncertainty
in reservoir souring simulation and the development of H2S forecasts based on this uncertainty
handling. The impact of different electron donors on souring development is investigated.
#108 Biodegradation of oil dispersions by marine bacteria.
Authors
1. Gabriel Juarez - University of Illinois at Urbana-Champaign
2. Vicente Fernandez - ETH Zurich
3. Roman Stocker - ETH Zurich
Dispersants aid the break up marine crude oil slicks and increase the available interfacial surface
area for bacteria to attack and degrade hydrocarbons. However, this common view neglects key

46

elements of the microscale interactions between bacteria and oil droplets, namely encounters and
growth. Using microfluidic chambers and time-lapse microscopy, we study the effect of droplet
size on attachment and growth of marine bacteria and single oil droplets. Based on experimental
results, we model the microscale interactions affecting hydrocarbon consumption between a
collection of oil droplets with varying sizes and a single bacterial pool as a function of oil
concentration, droplet diameter, and bacteria growth rate. We find a minimum degradation time
for intermediate droplet sizes and that reducing droplet size too much can lead to years in
increased degradation time. This mechanical model provides a baseline for understanding oil
biodegradation and mitigation strategies in open marine systems.

Posters
Session 01 Microbial Induced Corrosion (MIC) and Souring
#160 Inhibition of Sulfate Reduction by Monoflourophosphate in a Flow Through Column
System.
Authors
1. Lauren Lucas - Energy Biosciences Institute, UC Berkeley
2. Anna Engelbrektson - Energy Biosciences Institute, UC Berkeley
3. David Wolf - Energy Biosciences Institute, UC Berkeley
4. Sarah Chen - Energy Biosciences Institute, UC Berkeley
5. John Coates - Energy Biosciences Institute, UC Berkeley
Sulfate-reducing microorganisms (SRM) produce toxic and corrosive sulfide in oil reservoirs
resulting in souring. Despite the associated economic costs, specific inhibition of SRM in complex
communities is poorly understood. Previously monofluorophosphate (MFP) was identified as a
cost-effective, potent souring inhibitor. To test MFP effectiveness in a dynamic system, three sets
of flow through packed columns were prepared in triplicate with San Francisco Bay sediment and
allowed to sour. One set of columns was initially set to 2mM MFP and steadily increased in
concentration over time. Another set started at 20mM MFP, with reduced concentrations
throughout the experiment and the third set had no treatment. The initial low concentration
treatment (2mM MFP) was ineffective. However, increasing the concentration in the columns to 4
mM MFP shows a 25% decrease in sulfide production. In contrast, the initial high concentration
MFP columns (20mM) maintained 100% inhibition of sulfidogenesis even after dropping the
MFP concentrations to 10mM. Interestingly, MFP appears to accumulate in these flow through
systems to much higher level than is applied, suggesting a potential saturation effect, thus possibly
allowing for prolonged effectiveness of treatment long after treatment ceases. In support of the
geochemical observations, microbial community analysis indicates that higher levels of MFP have
a greater effect on the microbial community. And moreover, initializing with a high concentration
treatment results in more drastic community changes than beginning at a lower concentration.
This study indicates that MFP is an effective inhibitor of sulfate reduction, is more effective when
treatment is started at a high concentration, and maintains effectiveness even when the
concentration is subsequently reduced.
#78 Bioelectrical corrosion of iron by marine lithotrophic sulfate-reducing bacteria.
Author
1. Dennis Enning - ExxonMobil Upstream Research Company
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Microorganisms exhibit a strong proclivity towards the colonization of surfaces, a lifestyle which
confers onto them nutritional and ecological advantages. In the majority of industrial settings, the
formation of such biofilms is an undesired phenomenon. Ferrous infrastructure in particular
suffers from the consequences of microbial growth, through a variety of mechanisms which are
collectively termed microbiologically influenced corrosion (MIC). Despite more than a century of
research into MIC, several corrosion mechanisms, along with their relative technical relevance,
are still controversially discussed in industry and academia. This presentation takes a mechanistic
approach to closely examine the corrosion of carbon steel by lithotrophic sulfate-reducing bacteria
(SRB). Sulfate reducing bacteria have traditionally been attributed a key role in MIC of oil and
gas infrastructure. Pure cultures of specialized, marine SRB isolates produced technically
substantial corrosion rates of up to 0.9 mm/yr over months, despite the complete absence of
organic compounds (i.e. iron served as the only electron donor for sulfate reduction). Thick
corrosion product layers, predominantly composed of FeCO3 and FeS, formed on
microbiologically corroding carbon steel and were found to be electrically conductive (~50 S/m).
In fact, the measured electrical conductivity could explain electron transfer from the corroding
metal (Fe0) through the biogenic (yet largely inorganic) crust to the crust-attached SRB. Both,
corrosion caused by microbial uptake of cathodic H2 and FeS-catalyzed corrosion – two popular
explanations of SRB-induced metal damage – could be excluded in this study through careful
kinetic and electrochemical experimentation. It is hypothesized that the investigated SRB
accelerate corrosion by means of direct uptake of electrons from carbon steel (‘electrotrophy’).
This severe corrosion mechanism may be prevalent across oil and gas producing facilities such as
seawater injection pipelines, produced water systems, or full well stream pipelines.
#158 The effect of iron on the potency of nitrate as an inhibitor of sulfidogenesis and oil
reservoir souring.
Authors
1. Yi Liu - Energy Biosciences Institute, UC Berkeley
2. Anna Engelbrektson - Energy Biosciences Institute, UC Berkeley
3. Adam Williamson - Energy Biosciences Institute, UC Berkeley
4. Wesley Chin - Energy Biosciences Institute, UC Berkeley
5. Alan Wong - Energy Biosciences Institute, UC Berkeley
6. Nhuong-sao Ton - Energy Biosciences Institute, UC Berkeley
7. Aruna Ranjendran Menon - Energy Biosciences Institute, UC Berkeley
8. Kristine Wong - Energy Biosciences Institute, UC Berkeley
9. Tanya Kumar - Energy Biosciences Institute, UC Berkeley
10. Hans Carlson - Energy Biosciences Institute, UC Berkeley
11. John Coates - Energy Biosciences Institute, UC Berkeley
Recent studies have invoked biogenic nitrite, resulting from nitrate addition, as a primary
mechanism for the inhibition of sulfate reducing microorganisms (SRM) in controlling oil well
souring. Nitrite is a potent and specific inhibitor of the dissimilatory sulfite reductase (Dsr)
conserved in all SRM but is chemically and biologically labile. We investigated the role of iron
on abrogating nitrate inhibition through nitrite scavenging. Batch experiments revealed that iron
is highly antagonistic to nitrite and the presence of 0.49mM Fe (III) caused a 72.5 fold increase in
the IC50 on sulfidogenesis. This effect was further investigated in triplicate advective flow
columns packed with iron free or iron coated sand (~15uM/g) and flooded with estuarine water
amended with volatile fatty acids. Once equilibrated, the columns were treated with 2mM nitrate
and the geochemistry and microbiology were compared to untreated controls. In the absence of
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iron, nitrate treatment resulted in 94% inhibition of sulfidogenesis for two of the three triplicate
columns relative to untreated controls. In contrast, in the presence of iron, sulfide production
continued at 47% of the untreated controls, indicating a reduction in nitrate potency. In support of
the putative instability of nitrite in the presence of iron, nitrite was only observed in iron free
columns. However nitrite was detected in only one of the triplicate iron free nitrate treated
columns. The 16S amplicon sequencing data supports the difference in geochemical data observed
in that the three iron free nitrate treated columns have different communities. These results
suggest that iron scavenging of biogenic nitrite can hamper the effectiveness of nitrate treatment
and that such interactions may provide an explanation for the observed unpredictability of nitrate
addition in souring control.
#135 Higher corrosion rates associated with nitrate addition to seawater microcosms.
Authors
1. Julia R. de Rezende - Newcastle University
2. Sven Lahme - Newcastle University
3. Demelza Menendez-Vega - Newcastle University
4. Casey Hubert - University of Calgary
Reservoir souring is the production of hydrogen sulfide by microorganisms. This multi-billion
dollar problem in the oil & gas industry is partly due to the corrosive nature of hydrogen sulfide.
Nitrate addition to seawater injection during secondary oil recovery has been proposed and
deployed as a treatment to control souring by stimulating nitrate-reducing microorganisms
(NRM). Organotrophic NRM usually compete with sulfate-reducing microorganisms (SRM) for
substrates, thus blocking the production of hydrogen sulfide, whereas sulfide-oxidising NRM
consume sulfide as an electron donor, preventing its accumulation. Although nitrate treatment has
been successful in controlling souring, an increase in corrosion has been observed in some field
cases. In this experiment, we tested whether nitrate addition to seawater microcosms, with and
without carbon substrate amendment, would result in significant differences in corrosion rates.
Surface water from a North Sea beach near Newcastle upon Tyne in northeast England was
incubated in serum vials (150 ml aliquots) at room temperature for 55 days. All received 20 mM
bicarbonate buffer, 2 mM ascorbate as reducing agent and a steel coupon (2.2 cm2 exposure area)
for corrosion rate calculation based on weight loss. Three bottles received 5 mM nitrate at the start
of the incubation and six were left unamended. The same conditions were established for
microcosms amended with the organic substrates acetate (5 mM), propionate (1 mM) and butyrate
(0.5 mM). Killed controls were included for all treatments. Souring was observed in microcosms
without nitrate, but not in microcosms where nitrate was present, as expected. However, corrosion
rates did not correlate with souring levels and were ten-fold higher in the presence of 5 mM nitrate
(0.1 mm/y) as opposed to sour systems to which nitrate was not added (0.01 mm/y). Organic
carbon amendment did not significantly affect corrosion rates. Sequencing of 16S rRNA genes is
underway to characterise the microbial community enriched under each treatment.
#159 Mitigating Sulfidogenesis with Simultaneous Perchlorate and Nitrate Treatments.
Authors
1. Anna Engelbrektson - Energy Biosciences Institute, UC Berkeley
2. Vanessa Briseno - Energy Biosciences Institute, UC Berkeley
3. Israel Figueroa - Energy Biosciences Institute, UC Berkeley
4. Megan Yee - Energy Biosciences Institute, UC Berkeley
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Sulfide biogenesis (souring) in oil reservoirs is an extensive and costly problem. Nitrate is
currently used as a souring inhibitor but often requires high concentrations with unpredictable
success. Recently, perchlorate has displayed promise as a more potent inhibitor in lab scale
studies. However, combining the two treatments to determine synergy and effectiveness in a
dynamic system has never been tested. This is particularly intriguing as nitrate regulates
perchlorate consumption by perchlorate reducing bacteria suggesting that the combined treatment
may allow penetration of the perchlorate further into the treated matrix. To assess this, triplicate
columns packed with pre-soured marine sediment were flushed with media containing sulfate and
equimolar concentrations of an inhibitor treatment (perchlorate; nitrate; perchlorate and nitrate; or
none). Geochemistry and microbial community changes were monitored from six ports during six
phases of increasing treatment concentrations. In a final phase all treatments were removed.
Sulfide production decreased in all treated columns with increased inhibitor concentration.
Interestingly, the inhibitory effect of the “mixed” treatment was additive relative to the individual
treatments. Microbial community analyses indicated community shifts and clustering by treatment
with the “mix” treated column community’s trajectory closely resembling the perchlorate only
community’s, suggesting that perchlorate was the dominant control on the “mixed” community
structure. In contrast, the nitrate and untreated column communities had unique trajectories. This
study indicates that concurrent nitrate and perchlorate treatment is not more effective than
perchlorate treatment alone but can be more effective than nitrate treatment. As such, treatment
decisions may be based on economic factors.
#124 Response of thermophilic SRB to nitrate and nitrite under continuous and batch
culture conditions.
Authors
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Thermophilic oil fields harbour both mesophilic and thermophilic sulfate-reducing bacteria
(mSRB and tSRB) and nitrate-reducing bacteria (mNRB and tNRB). The activity and control of
mesophilic sulfate reducers with nitrate and nitrite have been extensively studied. Both are
strongly inhibited with nitrite. mSRB can have nitrite reductase, which can remove the inhibition.
The presence of this enzyme in tSRB has not been demonstrated. The effect of nitrate and nitrite
on a thermophilic SRB enrichment isolated from the high temperature Terra Nova field was
examined under batch and continuous culture conditions in medium with 5 mM sulfate. The
injection of 5 mM nitrate into a tSRB batch culture at midlog phase had no effect on sulfate
reduction. In contrast, injection of up to 1 mM nitrite strongly inhibited sulfate reduction in tSRB
batch cultures. The lack of inhibition by nitrate suggests that the tSRB batch cultures were free of
tNRB, which reduce nitrate to nitrite. The continuous injection of 5 mM nitrate to a continuous
culture of tSRB, operated at a dilution rate of 0.4 day-1, had likewise no effect on sulfate
reduction. However, a single injection of the tNRB Geobacillus sp. and continuous injection of 5
mM sulfate and 5 mM nitrate gave complete inhibition of sulfate reduction due to reduction of
nitrate to nitrite and subsequent inhibition of tSRB. These results indicate that, different from
mSRB enrichments, tSRB enrichments are often free of tNRB. Thus demonstration of the
inhibitory effect of nitrate on tSRB consortia in a bioreactor or continuous culture, which has been
operated under sulfater-educing conditions for a long time, may require re-inoculation with tNRB.
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#33 Microbial communities involved in high salinity souring and methanogenesis in shale oil
fields
Authors
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Microbial communities in shale oil fields are still poorly known. We obtained samples of
injection, produced and facility waters from a Bakken shale oil field near Estevan, Saskatchewan
with a resident temperature of 60oC. The injection water had a lower salinity (0.6 Meq of NaCl)
than produced and facility waters (0.6-3.6 Meq of NaCl). Salinities of the latter decreased with
time, likely due to injection of low salinity water, which had 15-30 mM sulfate. The presence of
high sulfate can cause souring by sulfate-reducing bacteria (SRB). Nitrate injection can mitigate
souring by stimulating growth of nitrate-reducing bacteria (NRB) producing nitrite and inhibiting
SRB. Continuous cultures were established in media with volatile fatty acids (a mixture of acetate,
propionate and butyrate) or lactate as electron donor and nitrate or sulfate as electron acceptor at
either 0.5 or 2.5 M NaCl. Microbial community analyses of these cultures indicated high
proportions of Halanaerobium, Desulfovermiculus, Halomonas and Marinobacter in cultures at
2.5 M NaCl, whereas Desulfovibrio, Geoalkalibacter and Dethiosulfatibacter were dominant at 0.5
M NaCl. Enrichments of Methanohalophilus with 20 mM trimethylamine in 2 M NaCl gave up to
60 mM methane within 30 days of incubation. Trimethylamine may be formed by biodegradation
of trimethyl glycine, which is used by halophiles to cope with salt-mediated osmotic stress. Use
of bioreactors to study the effect of nitrate injection on sulfate reduction showed that
accumulation of nitrite inhibited SRB activity at 2.5 M but not at 0.5 M NaCl. High proportions of
Halanaerobium and Desulfovermiculus were found at 2.5 M NaCl in the absence of nitrate,
whereas high proportions of Halomonas and no SRB were found in the presence of nitrate. A
diverse microbial community dominated by the SRB Desulfovibrio was observed at 0.5 M NaCl
both in the presence and absence of nitrate. Thus nitrate injection can prevent souring provided
that the salinity is maintained at a high level. Reinjection of high salinity produced water may be
preferable over the current practice of removing produced water by disposal injection and using
low salinity, high sulfate injection water, which is piped in from another subsurface location.
#152 Corrosion of 1010 steel is highest in B20 biodiesel tanks with the greatest bioburden.
Authors
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Biodiesel is a non-petroleum diesel fuel comprised of mono-alkyl esters of long chain fatty acids
(usually fatty acid methyl esters; FAMEs) derived from vegetable oils or animal fats. Biodiesel
B20 (20% (v/v) biodiesel/80% petroleum diesel) has been widely implemented across the US
Department of Defense. Biodiesel has demonstrated an increased vulnerability to microbial
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contamination, compared to conventional diesel, due to its FAME content and high water affinity.
Biodiesel readily supports microbial growth and subsequent fouling in the form of microbial
biofilms. To determine if the presence of biofilms in contaminated biodiesel B20 fuel systems
increases the risk of microbially influenced corrosion (MIC), a field study was conducted in inground biodiesel B20 tanks at two locations in the southern US. Biofilm formation was
monitored on 1010 carbon steel witness coupons placed within the B20 tanks. At three month
intervals, abundance and composition of coupon-associated biofilm communities were analyzed
by microscopy and high throughput sequencing of 16S and 18S rRNA genes. Uniform corrosion
and pitting corrosion of the coupons was assessed by mass loss and laser scanning confocal
microscopy, respectively. While there were statistically significant differences in mass loss
compared to laboratory controls after seven months of exposure within the tanks, the amount of
mass loss was not practically relevant. However, the number and depth of pits was found to be
significantly greater in contaminated B20 fuel. Severity of pitting corrosion also correlated with
the level of bioburden found in the tanks. This increase in pitting corrosion was not confined to
witness coupons located near the bulk of the biomass at the fuel:water interface at the bottom of
the tank; increased corrosion rates were measured up to 30 cm above the tank bottom. Our results
show that mass loss is not a reliably sensitive indicator of the severity of corrosion within
contaminated fuel systems and that the majority of corrosion takes the form of pitting corrosion,
not uniform corrosion. Pitting corrosion is potentially more insidious than uniform corrosion
because it is more difficult to detect but can lead to more significant consequences for the fuel
systems, including water intrusion or fuel leakage.
#123 Corrosion by acetogenic and methanogenic microorganisms incubated in the presence
of oil.
Authors
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Microbially influenced corrosion is a common cause for pipeline failure. In the present study,
acetogenic and methanogenic microorganisms were enriched from produced water collected from
heavy oil, and sludge collected from a light oil-producing field. The incubations were done with a
headspace of 80% H2, 20% CO2 environment in the presence of (10%) heavy or light oil to
evaluate their impact on corrosion of carbon steel coupons. Bromoethanesulfonate (BES) was
used in some incubation to suppress methanogenic growth. At the end of incubation (90 days),
corrosion assays, headspace gas analysis, scanning electron microscopy, profilometry analysis and
microbial community analysis were performed. Highest corrosion (0.04 mm/yr) was found in
incubations with produced water and light oil and a community of 20% Acetobacterium and 78%
Methanobacterium. Produced water with heavy oil gave 0.03 mm/yr with a community of 16%
Acetobacterium, 32% Methanobacterium and 49% Methanocorpusculum. Incubations with BES
had 88-96% Acetobacterium and no methanogens. These gave lower corrosion rates of 0.02
mm/yr. Scanning microscopy images showed the presence of microbial biofilms adhered to the
surface of coupons along with corrosion products and cracks on the surface in certain
combinations. Long filamentous microbial mats were observed on the surface of coupons
extracted from the incubations with methanogenic activity. Acetogenic and methanogenic
microbes can more severely attack metal surface when present together, than individually.
General corrosion rate may not truly indicate the localized attack potential of these
microorganisms and other complementary tests are required to assess their true corrosion
potential.
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#56 THPS in Oil and Gas Applications – Strengths and Weaknesses.
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THPS [tetrakis (hydroxymethyl) phosphonium sulfate] is the second most widely used biocide in
energy applications. THPS has proven biocidal efficacy against a number of problematic
microorganisms, including sulfate-reducing bacteria (SRBs). SRBs are the primary causative
agent of sulfide production in oil and gas operations, contributing to reservoir souring and
microbially-influenced corrosion of infrastructure. The parent THPS molecule predominates
under acidic conditions, but as the pH approaches at-use levels, THPS breaks down to two
molecules each of THP [tris (hydroxymethyl) phosphine] and MG [methylene glycol, hydrated
formaldehyde (FA)]. The benefits of THPS include strong efficacy as a rapid acting biocide
against SRBs. This robust efficacy is due in part to the fact that THPS delivers dual biocidal
actives, THP and FA, to the matrix. THPO, the oxidation product of THP, is non-toxic to aquatic
organisms and has been shown to have no biocidal efficacy against SRBs. However, in the
typical operational pH range, THP is sufficiently stable for use in standard applications, and the
lack of THPO toxicity represents an environmentally benign endpoint for THPS. Finally, the
excellent heat stability of THPS makes this biocide an effective treatment under downhole
conditions. Some weaknesses of the THPS molecule include the destabilization of THPS by
bisulfite oxygen scavengers and ammonium salts. Dithionite, for example, is a bisulfite oxygen
scavenger that is commonly used as a reducing agent for anaerobic matrices in laboratory-scale
evaluations, and ammonium ions are commonly used as a nitrogen source in microbiological
media. In terms of efficacy, THPS is less effective against acid-producing bacteria (APBs) than
against SRBs, and APBs are also major contributors to microbially-influenced corrosion. Strong
efficacy against SRBs has been proposed as the mechanism by which THPS facilitates control of
downhole hydrogen sulfide. However, a more direct explanation comes from the observation that
THPS is a sulfide scavenger and is, likewise, destabilized by sulfide. Application of THPS in a
sour system will lead to a reduction in both the sulfide level and in the effective concentration of
biocidal active. Finally, data are presented on the fate of THP as a function of pH and sulfide.
#13 Dosage of biocides for effective kill and removal of co-culture biofilms: A Lab-on-a-chip
approach.
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Microbiologically influenced corrosion (MIC) is a major problem in various industries. A key
difference between MIC and other abiotic corrosion processes is the presence of metabolically
active microbes that corrode metal structures through complex reactions. Microbes at the sites of
MIC are seen present in communities with several other species in structures called biofilms. It is
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well established that dosage of biocides required for effective kill in biofilms is higher than
planktonic populations. Also, co-culture biofilms are complex in nature and tough to kill than
single species biofilms. In this study, co-culture biofilms were tested against single culture
biofilms for their resistance to biocide treatment. To investigate this, a lab-on-a-chip based
approach was used is taken as it reduces the time required for testing considerably and expands
the range of experimental conditions being tested. The experimental system consists of a
microfluidic device made of polydimethylsiloxane that is bonded to a glass slide with coated
carbon steel. Co-culture biofilms of Shewanella oneidensis and Vibrio natriegens were developed
under continuous once flow-through conditions in this system. These bacteria are marine
facultative anaerobes and biofilm formers reported to be present at corrosion sites in several
studies. S. oneidensis also falls under the metabolic class of iron reducing bacteria. Biofilm
biomass after growing the biofilms for 48 hours was monitored. The biomass of biofilms was
measured by confocal laser scanning microscope (CLSM) and quantified using ImageJ and
COMSTAT. The system was dosed with a common biocide, glutaraldehyde both in batch and
continuous mode at different concentrations. The effect of glutaraldehyde on these co-culture
biofilms was investigated by comparing biomass removal, biocide penetration and efficacy of the
kill among the different conditions tested. This study emphasizes the importance of investigating
co-culture biofilms in determining dosage of biocides and studying the percentage of live and
dead microbes in the biofilms using a high-throughput and quick microfluidics based approach.
#59 Marine corrosion of 1018 carbon steel in the presence of traditional naval petro- and
bio-fuel blends.
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Owing to their low CO2 emissions and new energy policies, the use of bio-fuels and their blends
in the Navy has become not only increasingly attractive but also mandatory. Onboard Navy ships,
fuel is stored in seawater compensated fuel ballast tanks (SWCFBT) that are made of carbon steel.
Seawater is pumped into the tanks to compensate for fuel reduction during operation. While petrofuels in contact with seawater are known to suffer from microbial contamination problems, biofuels, in particular methyl-ester (ME) based fuels, are susceptible to biodegradation, which
compromises fuel quality, equipment performance and leads to microbiological influenced
corrosion (MIC). Hence, (ME)-based fuels are not recommended for naval operations. The
possible corrosion impact on SWCFBT due to microbial proliferation in the presence of a second
generation, methyl ester-free biofuels is a concern to the Navy. Preliminary risk assessment of
MIC using laboratory investigations is common practice. This practice is hindered by the inability
to accurately simulate operational conditions in SWCFBT, and is a drawback to MIC diagnostics
and mitigation. Laboratory investigations simulating the operational conditions in a SWCFBT that
is adjoining to the overflow/expansion tank onboard a Navy ship, and corrosion of 1018 carbon
steel in the presence of a conventional, and a 50/50 blend of an alternative Navy fuel in fully
oxygenated and oxygen-limited seawater is presented. Electrochemical measurements (LPR) were
recorded for 8 weeks at 23oC. Aliquots and solid samples were collected to confirm the sterility of
the control and for genomic and metabolomic analyses. Characterization of electrodes and
corrosion deposits (XRD, SEM) was carried out. Biofilm and planktonic prokaryotic community
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structures were determined by DNA extraction and lllumina sequencing of 16S rDNA. Corrosion
rates varied with fuel type and oxygen concentration.Severity of pitting damage decreased in the
order: conventional Navy fuel > 50/50 blend Navy fuel > SDBseawater. Metabolomics analysis,
revealed differences in chemical signatures between deposits recovered from the electrodes. XRD
patterns showed Fe3O4 and αFeOOH as the dominant phases in the corrosion products. The
outcome of this multidisciplinary study will aid in elucidating the risk of MIC in SWCFBT.
#45 Bridging the next generation of MIC diagnostic techniques: molecular microbiological
methods made accessible by routine ATP field tests
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Microbiologically influenced corrosion (MIC) is a term used to describe corrosive damage to
materials caused by microbes. Traditional MIC diagnostic techniques employ culture-based
methods aimed at detecting and enumerating microbes. Such methods are slow and fail to detect
upwards of 99% of microbes, negatively affecting diagnostic accuracy and reliability. Cultureindependent assays capable of surveying a wider proportion of microbes have been developed.
The adenosine triphosphate (ATP) assay is fast and field-ready, capable of quantifying (but not
identifying) living microbes directly from a field sample. Microbial enumeration and
identification can be achieved by means of molecular methods such as 16S metagenomics, and
qPCR. Costs, field appropriateness (undesirable transport related sample changes), and laborious
workflows have been hurdles to adoption of molecular methods for MIC diagnosis. Here we
present the case that molecular microbiological methods can be made more accessible for routine
MIC diagnostics by sourcing extracted microbial genomic DNA (as a side product) from ATP
field tests. During ATP field tests, cells are chemically lysed and their contents passed through
filter membranes, theoretically presenting an opportunity to collect genomic DNA from either the
ATP assay filter or filtrate (patent pending). Provided the DNA obtained via ATP assays is intact
and sufficiently representative of the original microbial community, we hypothesize it could be
used for molecular analyses. Bundling ATP diagnostic assays with DNA acquisition would
improve molecular diagnostic workflows. In this study methods to collect DNA from both filter
and filtrate ATP assay physical elements (from a variety of oil industry related samples) were
developed. 16S metagenomics was employed to assess the extent to which ATP assay-derived
DNA encompassed the entire original microbial community compared to DNA extracted using
traditional bead-beater methods (directly from the sample source). Sequencing results, and
principle component analysis of the data suggest that in general, DNA collected on filters retains a
similar microbial community profile as compared to that of the original sample. Furthermore,
DNA sourced from ATP assay filters was successfully used to accurately quantify microbes in
qPCR assays targeting either total prokaryotes (16S) or sulfate reducing bacteria (SRB), and is
being piloted for commercial use.
#55 Detection and Biocide Treatment for Methanogens
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The oil industry currently uses different types of biocides to treat microorganisms that cause
corrosion and souring. Microorganisms found in oil fields include sulfate-reducing bacteria
(SRB), acid-producing bacteria (APB), iron-reducing bacteria (IRB), and methane-producing
archaea (methanogens). Most of these organisms grow in anaerobic conditions. Microbial
influenced corrosion (MIC) is promoted by SRB and IRB. The hypothesis is that SRB promote
corrosion by consuming hydrogen and inducing the formation of ferrous sulfide, while IRB
promote corrosion by reductively dissolving the protective ferric oxide coat formed on the steel
surface. Methanogens have also been found in oil reservoirs. The major metabolic terminal
processes in anaerobic environments are either sulfate reduction or methanogenesis. In a sulfaterich environment, SRB will dominate because sulfate-reducing activity generates more energy
than methanogenesis. Methanogens are divided in two classes according to theirsubstrate:
hydrogenotrophic (hydrogen dependent) or acetoclastic (acetate dependent). Many studies tested
the effect of biocides on SRB and APB, as there are commercially available media for growing
both bacteria types. In contrast, the growth of methanogen is more complicated. This study tested
the efficacy of a list of biocides on the growth of pure cultures of methanogens. In addition, the
presence of methanogens in produced water was detected by qPCR. Results of thiswork indicate
the efficacy of the different types of biocides against methanogens, when detected by qPCR.
#69 Biocidal efficacy against the sulfate reducing bacterium Desulfovibrio alaskensis (DSMZ
16109)
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Sulfate reducing bacteria (SRB) are involved in Microbial Induced Corrosion (MIC) and are
therefore a major risk for oilfield operations. Biocides are commonly applied to minimize this
hazard. The biocidal efficacy is dependent on the type of microorganisms, sessile or planktonic
growth, and the chemical nature of the nutrient liquid especially regarding oxygen scavengers.
The efficacy of a biocide can be demonstrated through inhibition experiments where nutrient
medium is inoculated with microorganisms and various concentrations of biocide. This study
aimed to compare efficacies of three different biocides against Desulfovibrio alaskensis biofilm
formation in growth media with two different oxygen scavengers. The study was performed using
sulfate-reducing growth medium (SRGM) and modified Postgate B medium (mPBM), either
without biocide (control) or with Biocide A: glutaraldehyde (10-1000 ppm, 8 concentrations);
Biocide B: 3,3′-Methylenebis[5-methyloxazolidine] (10-1000 ppm, 8 concentrations); or Biocide
C: 1,2-Benzisothiazol-3(2H)-on and N-(3-Aminopropyl)-N-dodecylpropan-1,3-diamin (50-200
ppm, 3 concentrations). The efficacy of each biocidal treatment was evaluated in a multiwell
plate-based setup enabling controlled growth of biofilm. Samples were inoculated with D.
alaskensis and incubated for three days at 37°C under anoxic conditions for biofilm growth.
Subsequently, biofilm densities were quantified by staining with crystal violet and
spectrophotometrical quantification.
Compatibility of Biocide B with SRGM and mPBM were evaluated by analytical detection of
Biocide B in the media. The results showed that all biocides inhibited D. alaskensis biofilm
formation in mPBM compared to the untreated control. Full inhibition was achieved with 50 ppm
Biocide A and B, and 100 ppm Biocide C, respectively. In contrast, no inhibitory effect on biofilm
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formation was detected for any biocides when the test was performed in SRGM. Compatibility
analysis revealed that Biocide B is not stable in SRGM after a few minutes of exposure. In
contrast, Biocide B was found to be stable in mPBM even after exposure for three days. In
conclusion, our results demonstrate the importance of compatibility testing of biocides with
nutrient medium in order to receive reliable and comparable results regarding biocidal efficacy
data.
#76 Prudent use of Bacteria Management Chemicals in Oil and Gas Production.
Authors
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Chemical products intended to kill, reduce or control bacteria are commonly used in oil and gas
production systems likely because microbial induced corrosion failures are the second most
common type of failure in production equipment. A study performed by Schlumberger has shown
these products are often applied incorrectly. Bacteria surveys were conducted using Schlumberger
Microbial InstaCheck method that produces same day total bacteria population data. Samples
tested from 682 producing wells in the Eagle Ford, Permian, Barnett, Hayesville shale oil fields
and offshore fields in Trinidad and The Congo showed less than 2 percent of producing wells had
detectable levels of bacteria. In addition, less than 1 percent of the wells had significant bacteria
populations. However, testing of the separation equipment and produced water storage tanks
down stream of these wells showed 73 percent of separators and 96 percent of storage tanks had
significant levels of bacteria. Many commonly applied oil filed biocide products control bacteria
but do not produce a 4-6 log reduction in total bacteria population needed to manage established
thriving bacteria communities. Prudent use of biocides dictates that only production equipment
and locations where bacteria populations exist should be targeted for treatment. Furthermore,
products should be selected that are compatible with the fluid, can reduce and control the total
bacteria population present and have a mode of action and required contact time that coincide with
system conditions. Using Microbial IntsaCheck, it was possible to implement a targeted approach
to mitigate the bacteria populations in these fields.

#87 Consumption of different organic acids by mixed community of sulfate reducing
bacteria.
Authors
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3. Marcia T.S. Lutterbach - National Institute of Technology
Production of sulfide in various industrial and many natural environments can have ecological and
economic impacts due to corrosive and toxic properties. Apropos, the biological origin of sulfide
in oil fields has been recognized for more than 80 years. The dissimilatory reduction of sulfate by
anaerobic respiratory process of a diverse group of microorganisms, the sulfate-reducing bacteria
(SRB), produces most of the sulfides. In oil and gas industries, most SRB comes from autoctone
microbiota via subsurface fluid movement in reservoirs or are introduced by drilling operations
and by secondary oil recovery methods. During the natural biodegradation of oil, low-molecularweight organic acids are produced as intermediate metabolites, which in turn may serve as carbon
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sources for SRB. These short chain fatty acids usable by SRB do not occur freely in the
environment. Therefore, these organisms depend on other organisms to produce such compounds
as products of their metabolism. The last ones are namely Acid Producing Bacteria and are very
likely to be significant partners in corrosion with the sulfate reducing bacteria particularly in the
oil and gas industry. The aim of this work was quantify the consumption of lactic, acetic,
propionic and butyric acids by mixed culture of sulfate reducing bacteria sampled from seawater.
The assays were performed using 102 MPN of SRB/mL inoculated into Modified Postgate’s E
medium, since the carbon source was shared among the four acids investigated, and incubated for
28 days at 30oC ±2oC. Then, an aliquot was taken and analyzed by high performance liquid
chromatography (HPLC). The results showed consumption of lactic, propionic and butyric acids
in 88.87%, 13.67% and 9.6%, respectively. However, there was an increase of 13.67% in acetic
acid concentration. Previous studies have shown that all SRB genera preferentially degrade certain
organic acids and cannot degrade others, although none of them has considered SRB consortium
nor acids degradation simultaneously. These new highlights may contribute to biocorrosion
prevention and control in environments with remarkable concentrations of organic acids and
favorable conditions (pH, temperature, oxygen concentration) for SRB growth.
#104 Beyond the Bug Bottle: Tailored Laboratory Techniques for Selecting and Assessing
an Integrated Microbial Control Program.
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Contamination of oilfield process fluids by prokaryotes such as sulfate-reducing bacteria (SRB),
acid-producing bacteria (APB), and facultative anaerobes can negatively impact topside asset
integrity as well as reduce the quality of hydrocarbons being extracted from the reservoir. Though
the physical and chemical state of the topside environment differs notably from that of the deep
reservoir, microbes can survive and often thrive in the extremes of both environments. An integral
component of an effective integrated microbial control program—one that targets both the
organisms topside and those downhole—is the design of appropriate laboratory tests that mimic
the chemical (pH, salinity, etc.) and physical (temperature, materials present) conditions faced by
the antimicrobial chemistries employed in each environment. While the efficacy of biocides in
topside and produced waters is often initially assessed (and regularly monitored) with techniques
such as “bug bottles” or ATP enumeration, these methods alone do not simulate the conditions
necessary to predict long-term microbial control in a subsurface reservoir. Described in this
presentation is a short survey of laboratory techniques that more accurately benchmark the
efficacy of biocides used for extended downhole protection. The techniques include extension of
contact time between biocide and microorganism, use of higher temperature to simulate the
environment of a subsurface reservoir, and inclusion of reservoir-specific rock in the testing
matrix. The results of these studies show that some biocides capable of rapid microorganism
reduction topside are unable to perform similarly in the physicochemical environment of the
reservoir, and that often a combination treatment with two complementary biocidal actives is
warranted to achieve microbial control across an entire operation. It also highlights the need to go
beyond simple post hoc monitoring methods to select and assess the effectiveness of a microbial
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control program.
#105 RNA and Biocorrosion- Collection, transport and extraction standardization of
samples from the oil sector.
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Corrosion is a phenomenon responsible for large economic losses in several industries, especially
in the oil industry. Among the most important bacteria in the events of biocorrosion, the Sulphate
Reducing Bacteria (BRS) stand out.
Monitoring by microbiology has limitations like the adaptation of bacteria to environmental
laboratory conditions and it slow growth in culture medium. The use of molecular methods can
provide an additional tool for BRS quantification. With this approach it´s possible to reduce the
analysis period from 28 days to up to 2 working days as well as allow the detection of cultivable
and non-cultivable organisms. As important as analyzing the number of BRS present in the
sample, is also important to study the activity of these microorganisms. It´s likely that a smaller
number of bacteria with high metabolic activity may be accelerating more the corrosive process
than a larger group that is less active. RNA Studies are already used in other research areas
especially in the medical field, but there are still few published papers of RNA and biocorrosion.
Our objectives in this work were to standardize the methodology of RNA collection and
extraction in environmental samples of the oil sector. The quantification and maintenance of
integrity of the molecule were verified by spectrophotometry and electrophoresis in agarose gel
respectively. The samples were stored under different conditions for one month and the RNA
extracted with Trizol-based methodology. In addition was conducted a comparison with other
commercial methods for extraction and purification of the molecule. This study indicated the best
conditions for transport and storage of samples for the purpose of carrying out analyzes with RNA
molecules.

#122 The effect of a complex planktonic and biofilm bacterial consortia on marine corrosion
of 1020 carbon steel.
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In marine environments, microorganisms often leads to severe deterioration of metallic materials.
While sessile cell (biofilm)-driven microbiologically-influenced corrosion (MIC), is a
recognized contributor to corrosion in marine systems, uncertainty still exists whether, and to
what extent the products from metabolic activity of the planktonic cells impact
corrosion. Electrochemical, molecular ecology techniques, comparative untargeted metabolomics,
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and electron microscopy were employed to determine the difference in the corrosion of 1020
carbon steel (CS) exposed to a seawater bacterial population that was either allowed to or
prevented from developing a biofilm on the CS surface. This studies re-addressed: (a) whether
physical contact between cells and CS is essential to enhance corrosion; (b) the impact of
metabolic products on the severity of corrosion, (c) differences between the mineralogy of
corrosion products formed on biofilm–free (BFE) and biofilmed CS electrodes (BE), and
(d) difference between the biofilm population and the initial planktonic inoculum, and the
implication of these differences on diagnosing and mitigating MIC. Increased corrosion rates and
extensive pitting damage were observed on the surface of BE compared to the BFE. Corrosion
products recovered from the BE had a significantly higher content (% w/w) of CaCO3 compared
to BFE. Metabolomic differences mainly in putative lipids content, were also observed. Illumina
sequencing
of DNA
profiles
of
planktonic
and
biofilm bacterial
population
also differed considerably. Extracellular DNA (e-DNA) comprising 16S rRNA sequences (up to
590 OTU), characteristic of bacteria implicated in MIC, was observed in the corrosion products
from the BFE. These results confirmed that, in an oxygenated marine environment, the physical
presence of an actively metabolizing bacterial biofilm leads to pronounced pitting corrosion of
CS. The study revealed that when planktonic cells are prevented from interacting with the
surface, their metabolic products alone does not cause significant pitting corrosion. The corrosion
in this case, is similar to that measured in filter sterilized seawater. It was demonstrated that DNA
profile of a biofilm differed significantly from that of planktonic seawater population.
Importantly, the presence of eDNA within corrosion products recovered from the BFE showed
that identifying MIC exclusively based on DNA profiling can be misleading.
#137 Rapid In-Field Collection of Corrosion-Related Microbial Samples and Ambient
Temperature Stabilization for Downstream Molecular Analysis.
Authors
1. Neil Sharma - InstantLabs
2. Wei Huang - InstantLabs
Multiple families of microorganisms have been implicated in Microbiologically Influenced
Corrosion (MIC) within the oil and gas industry, as well as in other fields, resulting in billions of
dollars in damage annually. The ability to detect these organisms in a timely and accurate manner
can allow for the implementation of appropriate treatment regimens to mitigate costs and
downtime. To address this need, we previously introduced a solution for direct in-field processing
and qPCR analysis of water and biofilm samples collected from oil and gas facilities using an
easily transportable testing system packaged in a Pelican case. While this lab-in-a-box solution
provides results in a matter of hours and is now beginning to be actively used in the field, there
are still some cases where time or geographic constraints necessitate samples to be tested in a
laboratory rather than directly on-site. Transporting unprocessed samples to a laboratory can be
fraught with risk, however, as during transport, the microbial composition in the sample can
change thereby limiting the reliability of the results. In this work, we describe the development
and initial validation of a new user-friendly commercial sampling kit for field-based collection
and stabilization of both water and solid (biofilm) samples. This kit contains consumables and
reagents allowing most samples to be processed in less than 15 minutes and includes chain-ofcustody features. Following processing, nucleic acids within the sample are stable at ambient
temperature for an extended period allowing safe transport to a laboratory. We present microbial
community data validating this sampling kit across multiple sample types.
#140 The use of TAED (tetra-acetyl ethylene diamine) as a potential oilfield biocide
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Author
1. Allister Theobald - Warwick Chemicals
Bacteria in oil fields can pose several costly problems, including erosion that can lead to pipeline
and vessel failures and the production of hydrogen sulphide gas, which can be lethal even in
relatively low doses. Fracturing fluids, for instance, often contain polymers which encourage
growth of microorganisms. The proliferation of microorganisms can result in the formation of
slime or biofilm, which can be deleterious to the fracturing fluid and pose risks to the
environment. Biocides inhibit growth of two key bacterial classes found in wells; Sulphate
Reducing Bacteria (SRB) and Acid Producing Bacteria (APB), both of which can cause
Microbially Induced Corrosion (MIC). MIC can cause corrosion of production casing and tubing,
leading to potential failure and environmental contamination. The SRB produce sulphides as part
of their respiratory process which leads to “souring” of the well, causing the produced gas to be
foul smelling, potentially toxic and highly corrosive to steel. Several biocides have been used in
oil and gas field operations, for example glutaraldehyde and tetrakis hydroxymethyl phosphonium
sulphate. However, since the water used in such operations is often discharged into the
environment, caution is advised since these biocides can have environmental consequences. In
contrast, peracetic acid has environmental advantage over other biocides used in fracking due to
its short half-life in solution and low hazard degradation products; acetic acid and water. TAED
(Tetra-acetyl ethylene diamine) is a bleach activator used in laundry detergent powders for low
temperature bleaching and hygiene. It produces peracetic acid in situ when reacted with hydrogen
peroxide. Due to its format, TAED provides a safe means of transporting, storing and generating
peracetic acid where and when it is needed. Experimental data demonstrating good biocidal
performance of TAED based model formulations in comparison with other oilfield biocides will
be presented (using NACE TM0-194-94), along with an assessment of corrosivity.
#163 Feasibility of bacterial nitrate-reducing metabolism in controlling souring in mature oil
wells
Authors
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4. Sueli Carvalho - Federal University of Bahia
5. Tatiana Vale - Federal University of Bahia
The aim of this study was to isolate and metabolically qualify nitrate-reducing bacteria (NRB)
from mature oil wells of the Reconcavo Baiano that have the potential to inhibit the metabolism of
sulfate-reducing bacteria (SRB) through the bioexclusion process. The injection of fluids in the
rock formation is often used to rejuvenate these wells, but this practice usually stimulates
proliferation of SRB and thus increases corrosion problems caused by the accumulation of H2S.
Some oil recovering techniques is based on the injection of nitrate in the rock formation aiming to
inhibit SRB growth by fostering the growth of NRB. On the other hand, several SRB are
facultative for the use of nitrate as an electron acceptor hindering this process. This work
identifies that the bioexclusion of SRB by NRB may only occur under the following conditions:
(i) the two populations must compete for the same resources, in this case, the oil and (ii) both the
SRB as the NRB must be stringent requirements for the use of either sulfate or nitrate,
respectively. Bioaugmentation process by strict NRB may promote the bioexclusion of SRB. This
work describes 6 strict NRB isolated from mature oil wells that are able to use oil and only nitrate
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as final electron acceptor. Nitrate consumption ranged from 6-34 mg L-1h-1 with a specific
growth factor using petrol from 0.02-0.10 h-1. An index was proposed to assist in the
identification of the potential best strains for the bioexclusion process, Cepa 5. Accumulation of
nitrite during cultivation was not detected. Two (2) SRB strains were also isolated showing a
specific growth coefficient of in oil of 0.037 0.039 h-1 and sulfate consumption of 139 and 118
mg L-1h-1, respectively. The hypothesis discussed in this work is that supplementation may result
in the SRB bioexcusion without the use of biocides in situ. It is believed that tests previously
conducted and reported in the literature have not shown the expected success, for the ecophysiological factors listed above were not observed.
#169 Guar gum stimulates biogenic sulfide production at elevated pressures: Implications
for shale gas extraction.
Authors
1. Sophie Nixon- University of Manchester
2. Leanne Walker - Rawwater Engineering Company Ltd
3. Matthew Streets - Rawwater Engineering Company Ltd
4. Chris Boothman - University of Manchester
5. Bob Eden - Rawwater Engineering Company Ltd
6. Kevin Taylor - University of Manchester
7. Jonathan Lloyd - University of Manchester
Biogenic sulfide production, known as souring, is a common problem in the oil industry, and can
lead to costly hydrocarbon processing and corrosion of extraction infrastructure. Souring has
recently been identified in shale gas extraction by hydraulic fracturing in the United States, with
reports of biogenic hydrogen sulfide production from several shale gas wells in the Barnett
formation1,2. Several studies have since documented the presence of numerous sulfidogenic
bacteria from wells in the Barnett, Marcellus, Antrim, Burket, Bakken and Utica shale
formations3-13. Most of these studies identify these bacteria from the presence of their DNA, but
some have shown these bacteria to be viable3,8. We hypothesised that organic additives in
fracturing fluids stimulate souring. Using a bespoke bioreactor approach, we chose to focus on
guar gum, the most widely used gelling agent in fracturing fluids: Can guar gum serve as a source
of energy / C for a sulfate-reducing microbial community at elevated pressure, resulting in
biogenic H2S production?
#170 MIC risk assessment model: new approach to prevent microbial corrosion.
Authors
1. Sabine Doddema- Microbial Analysis b.v.
2. F.F.J.Postma- Microbial Analysis b.v.
3. R.O.Winters- Microbial Analysis b.v.
4. H.K.C. de Vries- Microbial Analysis b.v.
Corrosion is loss of material by electron flow, microbes influence this process through a diverse
set of metabolic reactions resulting in unexpected corrosion rates. Microbiologically influenced
corrosion (MIC) is extensively studied using molecular techniques in order to better understand
the processes and their influencing factors. In an approach from the opposite side models are
developed to try and estimate MIC from other measurable parameters. Current models for the
estimation of microbiologically influenced corrosion do not offer generalized or quantitative

62

abilities because they are unable to take into account the quantitative influence of their factors.
Additionally, current models often rely heavily on operational history of the system, which means
risk cannot be as accurately estimated beforehand. Microbial Analysis is developing a new model,
allowing for a generalized quantitative estimation of MIC processes from environmental
conditions. By having the ability to quantify MIC from environmental starting conditions, it is
possible to think about prevention options before MIC has occurred or even before an installation
is built. Combining quantitative with qualitative assessment of MIC risk will provide insight into
how to optimize a system for the lowest MIC risk. This poster includes a case study in which risk
estimation before building was successfully applied for prevention of MIC. Finally, by providing
fact based insight into the rate at which MIC occurs, the consequences of possible mitigation
strategies can be more easily evaluated, which support decision making on a management level.
#28 Degradation of Biodiesel by Fungi Can Accelerate Carbon Steel Corrosion.
Authors
1. James Floyd - University of Oklahoma
2. Blake Stamps - Colorado School of Mines
3. Oderay Andrade - University of Oklahoma
4. Caitlin Bojanowski - Air Force Research Laboratory, Wright-Patterson AFB
5. Heather Nunn - University of Oklahoma
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As part of its strategic energy plan, the Department of Defense (DoD) is increasing the use of
alternative fuels in its ground vehicles and equipment. In compliance with this goal, multiple
military bases have incorporated infrastructure that is dedicated to storing and dispensing B20
Biodiesel. B20 Biodiesel is a blend of single chain fatty acid methyl esters (FAME), derived from
plant and animal fat (20% v/v), and ultra-low sulfur petroleum diesel (80% v/v; ULSD). The
alkanes found in petroleum diesel and the FAME in biodiesel have similar physical and chemical
properties; however, biodiesel contains more oxygen, is more hygroscopic, and is more
oxidatively unstable. As a result, B20 biodiesel is more susceptible to microbial degradation
compared to ULSD. Microbial degradation of the FAME in B20 biodiesel produces organic acids
as byproducts, which can be detrimental to the infrastructure and cause higher rates of corrosion.
An investigation of B20 biodiesel at two Air Force bases revealed that microbial contamination
was the root cause of reported issues with fuel quality. Molecular analysis revealed this fuel
harbored abundant fungal biomass, along with a bacterial community. Representative fungal
isolates were obtained from the fuel and used to design experiments to examine the effects of fuel
degradation on corrosion of carbon steel. Experiments were designed to access the aptitude of the
isolates to increase corrosion rates. These experiments including employing the use of static
bioreactors with carbon steel coupons and setting up experiments to access the corrosion of
carbon steel in the fuel phase, interphase, and the aqueous phase. The fungal isolates accelerated
the rates of corrosion compared to uninoculated controls, especially at the fuel and water
interphase, where the microbial biomass was most prevalent. Pitting corrosion was evident under
or adjacent to biofilms on carbon steel. Future work will incorporate the use of mixed cultures of
fungal and bacterial isolates obtained from B20 fuel tanks. Mixed cultures can affect the
metabolic dynamics of the system, potentially affecting corrosion rates, which will be studied.
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#92 Identification and quantitative detection of hydrocarbon-degrading genes in North Sea
water for use with a real-time monitoring device
Authors
1. Kamila Knapik - International Research Institute of Stavanger
2. Andrea Bagi - International Research Institute of Stavanger
3. Mari Mæland Nilsen - International Research Institute of Stavanger
4. Adriana Krolicka - International Research Institute of Stavanger
5. Catherine Boccadoro - International Research Institute of Stavanger
6. Thierry Baussant - International Research Institute of Stavanger
The activities of oil and gas industry are expanding further into marine areas considered
environmentally sensitive like the deep-sea and the Arctic, causing a potential threat for a variety
of marine species including fish, marine mammals and birds. Fast detection and monitoring for
spills from these activities are therefore of significant importance, and becoming mandatory to
mitigate large impact on marine ecosystems. This poses a challenge to offshore operators. New
methods and monitoring devices need to be developed, tested and applied for sustainable oil and
gas production. DNA-based technology gives new opportunity to monitor the ocean for specific
events and can allow for rapid on-site detection of target species used as biosensors of
environmental changes. In the Genomape project, we propose to use real-time quantitative
polymerase chain reaction (qPCR) technique to quantify specific DNA sequences from
hydrocarbon degrading bacteria. The gene-based assays are developed with the aim to implement
them on a robotized genosensor, the Environmental Sampling Processor (ESP), used for real-time
monitoring of oil contamination in Norwegian offshore. In this work we present the preliminary
results on the identification of the target genes and primer design. Both phylogenetic and
functional genes will be used. Our focus will be on genes that are actively involved in degradation
of hydrocarbons. A combination of metatranscriptomics and RNA stable isotope probing (RNASIP) will be carried out. The mRNA isolated from seawater microbial communities exposed to oil
or single hydrocarbons (e.g. naphthalene) will be sequenced and assembled. Finally, PCR primers
for selected genes will be designed and evaluated for their effectiveness in detection of oil
contamination by qPCR. This work will also present the general vision and workflow of the
project to use the ESP for monitoring of oil and gas activities.
#116 Proteomic analysis of the oil-degrading bacterium Thalassolituus oleivorans MIL-1
Authors
1. Ben Gregson - University of Essex
2. Boyd McKew - University of Essex
Thalassolituus oleivorans MIL-1 is a marine obligate hydrocarbonoclastic bacterium which
metabolises a broad range of aliphatic hydrocarbons almost exclusively as substrates. Previous
reports have shown that Thalassolituus species are amongst the most dominant members of
hydrocarbon-degrading consortia and that they can outcompete other key hydrocarbon-degrading
bacteria such as Alcanivorax borkumensis. We used LC-MS/MS shotgun proteomics and proteins
involved in aerobic alkane degradation during growth on medium- (n-C14) or long-chain (n-C28)
alkanes. CheW (TOL_2481) and CheA (TOL_2510) chemotaxis proteins were significantly
(P<0.01) differentially expressed, increasing 2.5-fold and 4-fold respectively, in the presence of nC28 (relative to growth on n-C14 and a non-hydrocarbon control Tween 80) suggesting their
involvement in chemotaxis towards long-chain alkanes. Similarly, FadL homolog expression was
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at least 2.5-fold greater during growth on n-C28 suggesting a role in long-chain alkane transport
across the cytoplasmic membrane. Two additional proteins (TOL_3187 and TOL_3188) which
were also highly significantly (P<0.01) upregulated during growth on n-C28 are also thought to be
involved in long-chain alkane uptake based on sequence similarity and domain analysis. The
analysis also revealed distinct metabolic pathways for medium- and long-chain alkanes. During
growth on n-C14, a near complete enzyme system involved in terminal oxidation was
significantly (P<0.01) upregulated, including two alkane 1-monooxygenases homologous to alkB
(TOL_1175 and TOL_2658), a rubredoxin (TOL_2659) and an aldehyde dehydrogenase
(TOL_0223). In contrast an enzyme system involved in subterminal oxidation of alkanes were
significantly (P<0.01) upregulated during growth on n-C28, including an alcohol dehydrogenase
(TOL_2772), a Baeyer-Villiger monooxygenase (TOL_0709) and an esterase (TOL_0906). It can
be concluded that the differential expression of these pathways occur due to the presence of
different length alkanes and that T.oleivorans switches between terminal and subterminal
oxidation accordingly. This study has enhanced our understanding of the fundamental physiology
of T.oleivorans and identified key enzymes involved in hydrocarbon degradation.
#77 Naphthenic acid degradation by Pseudomonas spp.
Authors
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The increased exploitation of oil sands deposits has led to vast amounts of toxic oil sands process
waters (OSPW) being produced which have to be stored in large tailings ponds until their toxicity
is reduced. The toxicity of OSPW is partly attributed to a complex mixture of organic acids
known as naphthenic acids (NAs). One cost-effective approach for NA removal in OSPW is to
use microorganisms in bioreactors for NA bioremediation. Here, gas-chromatography and mass
spectrometry (GC-MS) was used to determine the NA degradation capabilities of Pseudomonas
fluorescens Pf-5 and Pseudomonas putida F1. Individual cultures of these organisms were
inoculated into serum bottles which contained 30 mL of minimal salts medium. In addition, 5
litre-scale continuous culture bioreactors were also set up with P. fluorescens Pf-5. Cultures in
both the bottles were incubated with either: cyclohexanepentanoic acid (CHPA) (10 mg L-1), 4phenylbutyric acid (PBA) (10 mg L-1), 2-naphthoic acid (NPA) (10 mg L-1) or 5-bromo-3-ethyladamantane-1-carboxylic acid (BEA) (10 mg L-1) (a model recalcitrant diamondoid NA
compound). In the bottle experiments, both Pseudomonads readily degraded CHPA, by up to 53%
(± 11.2% SE) after 7 days and the production of a metabolite was observed by day 3. However, in
the bioreactors, P. fluorescens Pf-5 degraded >97% of CHPA after 26 days. P. putida F1 and P.
fluorescens Pf-5 were also shown to degrade the model NA compound BEA by 28.2% (± 9.4%
SE) and 5.6% (± 5.08% SE) respectively after 7 days. There was however, clear differences
between the two species when incubated with either PBA or NPA. P. fluorescens Pf-5 could
partially degrade PBA (22.01%), whereas P. putida F1 was unable to degrade PBA after 7 days.
Conversely, P. putida F1 was able to partially degrade 2-naphthoic acid (7.34%) In conclusion,
Pseudomonas spp. readily degraded CHPA and NA compounds. We also showed that lab-scale
bioreactors were effective in the removal of recalcitrant NAs with the potential for scale-up for
high-throughput removal of NAs in OSPW. Future work will investigate the use of co-cultures in
larger-scale bioreactors as an alternative approach to current technologies for the rapid removal of
toxic, recalcitrant NAs in OSPW and other NA contaminated waste.
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#90 Methanogenic degradation of light and heavy crude oils: Commonalities and
distinctions.
Authors
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Biodegradation of crude oil in subsurface petroleum reservoirs has adversely impacted most of the
world’s oil, converting this resource to heavier forms that are of lower quality and more
challenging to recover. Oil degradation in deep reservoir environments has been attributed to
methanogenesis over geological time, yet our understanding of the processes and organisms
mediating oil transformation in situ remains far from complete. Here, we compared the functional
and microbial community dynamics associated with non-biodegraded and biodegraded crude oils.
Batch cultures containing produced water from a shallow (850 m), low temperature (30 ℃) heavy
oil field were amended with either a non-biodegraded oil (API ° ≈ 32) or a biodegraded oil (API °
≈ 16) and incubated for up to 18 months under simulated deep reservoir (methanogenic)
conditions. Cultures were routinely monitored for evidence of oil biodegradation using analytical
(GC-FID, GC-MS) and molecular (16S rRNA, targeted metagenomics) approaches. The
proliferation of known hydrocarbon fermenters (e.g. Anaerolinaceae, Desulfotomaculum),
syntrophs (Synthrophus) and hydrogenotrophic methanogens (e.g. Methanocalculus,
Methanoculleus) was remarkably similar for both oil cultures, and correlated well with the
methane production observed in both cultures. Anaerobic activation of alkanes and aromatic
hydrocarbons via fumarate addition was also detected in both cultures via metabolite analysis and
targeted metagenomic surveys. The most notable difference observed was the presence of unique
candidate phyla in each of the 16S rRNA community profiles. For example, candidate phylum
‘Cloacimonetes’ (WWE1) increased up to a maximum of 18% in the presence of the nonbiodegraded oil, whereas ‘Atribacteria’ (OP9/JS1) increased up to 8% when amended with the
degraded oil. Future metagenomics investigations will help to elucidate what roles these
organisms serve in each community, and their contributions to oil transformation. Our results
imply a common mechanism, community, and rate of methanogenic crude oil biodegradation
regardless of oil quality.
#114 Sediment hydrocarbon-degrading bacteria along a depth transect in the FaroeShetland Channel
Authors
1. Evina Gontikaki - University of Aberdeen
2. James Anderson - University of Aberdeen
3. Ursula Witte - University of Aberdeen
Biodegradation of crude oil in subsurface petroleum reservoirs has adversely impacted most of the
world’s oil, converting this resource to heavier forms that are of lower quality and more
challenging to recover. Oil degradation in deep reservoir environments has been attributed to
methanogenesis over geological time, yet our understanding of the processes and organisms
mediating oil transformation in situ remains far from complete. Here, we compared the functional
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and microbial community dynamics associated with non-biodegraded and biodegraded crude oils.
Batch cultures containing produced water from a shallow (850 m), low temperature (30 ℃) heavy
oil field were amended with either a non-biodegraded oil (API ° ≈ 32) or a biodegraded oil (API °
≈ 16) and incubated for up to 18 months under simulated deep reservoir (methanogenic)
conditions. Cultures were routinely monitored for evidence of oil biodegradation using analytical
(GC-FID, GC-MS) and molecular (16S rRNA, targeted metagenomics) approaches. The
proliferation of known hydrocarbon fermenters (e.g. Anaerolinaceae, Desulfotomaculum),
syntrophs (Synthrophus) and hydrogenotrophic methanogens (e.g. Methanocalculus,
Methanoculleus) was remarkably similar for both oil cultures, and correlated well with the
methane production observed in both cultures. Anaerobic activation of alkanes and aromatic
hydrocarbons via fumarate addition was also detected in both cultures via metabolite analysis and
targeted metagenomic surveys. The most notable difference observed was the presence of unique
candidate phyla in each of the 16S rRNA community profiles. For example, candidate phylum
‘Cloacimonetes’ (WWE1) increased up to a maximum of 18% in the presence of the nonbiodegraded oil, whereas ‘Atribacteria’ (OP9/JS1) increased up to 8% when amended with the
degraded oil. Future metagenomics investigations will help to elucidate what roles these
organisms serve in each community, and their contributions to oil transformation. Our results
imply a common mechanism, community, and rate of methanogenic crude oil biodegradation
regardless of oil quality.
#128 Degradation of hydrocarbons by complex bacterial communities isolated from cold
deep-sea sediments
Authors
1. Lloyd Potts - University of Aberdeen
2. Cecile Gubry-Rangin - University of Aberdeen
3. Evina Gontikaki - University of Aberdeen
4. James Anderson - University of Aberdeen
5. Ursula Witte - University of Aberdeen
Oil exploration is progressing into deeper waters and any potential oil release would be difficult to
contain and remediate considering the challenging environment deep-sea areas pose. The FaroeShetland Channel (FSC) harbours oil reserves in waters >1000 m deep where temperatures are
~0°C and a complex and dynamic hydrographic regime creates a unique deep-sea environment.
Previous investigations into the impact of oil contamination on deep-sea sediment microbial
communities suggest proliferation of hydrocarbon degrading bacteria that are capable of
mitigating the long term damage caused by spills. However, unlike the Gulf of Mexico where
microbial communities have been ‘conditioned’ by historic natural hydrocarbon (HC) seepage, the
FSC presents an environment where microbes are not predisposed to HC degradation. The aim of
this study was to understand the capability of microbes indigenous to the FSC to degrade HC and
to monitor their successional dynamics. Sediment obtained from two stations in the FSC ( SOL
(135 m) and FSC1000 (1000 m)) were incubated at 12°C and 0°C respectively (to mimic in situ
temperatures) in mineral seawater medium (ONR7a) supplemented with crude oil. Following
subsequent sub-culturing for 2 months, two enriched hydrocarbon degrading consortia were
obtained. Both consortia were incubated with a suite of 21 low and high molecular weight (MW)
aliphatic and aromatic HC in ONR7a medium for 42 days at 20°C. Microbial community analysis
identified significant shifts within both consortia after 7 days, with further shifts recorded at days
21 and 42. HC quantification revealed significant removal of naphthalene and dodecane within 7
days by SOL consortium only, although all HC were significantly degraded in both consortia by
21 days, except heavier MW HC anthracene and tetracosane which were not degraded by
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FSC1000 consortium. To confirm HC degradation patterns observed with the consortia
incubations, the activity and adaptation of the predicted major HC-degraders isolated are currently
analysed. This study shows that FSC indigenous bacteria are able to respond to a contamination
event by degrading diverse HC. In addition, it demonstrates ecological depth specialisation of the
HC-degrading bacteria with differential degradative capabilities.
#24 Hydrocarbon Degradation Potential of Environmental Bacterial Communities Exposed
to Fuel and the Relevance in Biodeterioration.
Authors
1. Oscar Ruiz - Air Force Research Laboratory, Wright-Patterson AFB
2. Lisa Brown - University of Dayton
3. Mr. Rich Striebich - University of Dayton
4. Dr. Thusitha Gunasekera - University of Dayton
Alternative fuels from renewable sources have a reduced carbon footprint in comparison to
petroleum-based conventional fuels. However, the complex hydrocarbon composition of
alternative fuels may impact the environment in a manner similar to petroleum-based fuels by
presenting high toxicity to indigenous microbial populations and challenging biodegradability.
Because of this, it is important to understand the effects of alternative fuels in the environment
especially in comparison to other conventional fuels. By combining advanced metagenomics and
molecular analyses with culture-dependent bacterial isolations, growth studies with fuel, and twodimensional gas chromatography-mass spectrometry (GC x GC), we were able to characterize the
effect of different fuels on soil and marine bacterial communities and the bacterial species within
those communities that were capable of degrading fuel. The results indicate that from the highly
complex bacterial community in soil and seawater, relatively few species are able to metabolize
hydrocarbons, colonize and effectively proliferate in the presence of fuel. The hydrocarbondegrading species presented unique hydrocarbon degradation profiles that were independent of the
type of fuel used. Species appeared to compete with each other for nutrients and resources with
the most robust bacteria growing first until its preferred hydrocarbon source was depleted giving
way to the growth of a new hydrocarbon-degrading species. The bacteria species isolated from
soil and seawater samples had similar adaptive mechanisms to species isolated from
biodeteriorated fuel systems, indicating that fuel exerts strong selective pressure for a precise set
of adaptive mechanisms independently of if the environment is natural or manmade. This study
expands our understanding on the effects of conventional and alternative fuel contamination on
environmental bacteria, and the potential of these microorganisms for biodeterioration and
biodegradation of fuel.
#38 Fungal Biodiesel Degradation Patterns Predict Contamination Levels in Storage Tanks.
Authors
1. Heather Nunn - University of Oklahoma
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3. Blake Stamps - Colorado School of Mines
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Biodiesel is composed of single chain fatty acid methyl esters (FAME) derived from plant or
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animal fats, and B20 is an 80:20 blend of petroleum-derived ultra low sulfur diesel (ULSD) and
biodiesel. B20 contains more oxygen, is more hygroscopic, and is more oxidatively unstable
compared to ULSD, which potentially increases its susceptibility to microbial contamination and
degradation. The choice of feedstock used to produce biodiesel (e.g. soy, canola, tallow) dictates
the resulting FAME profile. Microorganisms can readily hydrolyze FAMEs, and the resultant
products of this process can create acidic conditions favorable for microbiologically influenced
corrosion (MIC) of metal surfaces. To understand this process, we have studied B20 sampled
from storage tanks at two locations, both with and without reported issues with fuel quality (color,
clarity, and particulates). A species of Byssochlamys was found to be responsible for reported
high particulate and fuel fouling issues at both locations. Fuels exposed to these Byssochlamys
isolates showed that palmitic, linoleic, oleic, and steric acid methyl esters were consumed after 30
days of incubation, with a bias towards palmitic acid methyl ester. A linear discrimination model
was constructed with data from the fuel biodegradation experiment and then used as a diagnostic
tool to predict the extent of degradation in the fuels from the two sampled locations. Chemical
profiles of B20 were discernable between different locations and even different storage tanks;
therefore, the model was successful in predicting the fuel samples that contained the highest
amount of contamination. The ability to detect fuels with critical levels of contamination could be
used to decide on mitigation strategies to reduce the risk of MIC in these systems. Furthermore,
the preferential degradation of certain FAMEs in biodiesel may help direct the formulation of
future fuels.
#53 Bioremediation of Crude Oil by Indigenous Bacteria in Bohai Bay
Authors
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3. Jun Min - Yantai Institute of Coastal Zone Research, Chinese Academy of Sciences
Oil spills occur either in the ocean and coastal waters or on land, which causing high crude oil
concentrations accumulated in surface and subsurface of ocean and soil. Oil spill is becoming a
widespread environmental problem, as well as a threat to the human health. Bioremediation,
mainly by indigenous bacteria, has been accepted as an effective strategy to clean up oil pollution
after oil spills. We isolated oil-degrading bacteria and immobilized them onto the surface of
cotton fibers. Biodegradation of crude oil by immobilized and planktonic bacteria and different
scale fermentation for HC8-3S in laboratory and manufacture sites had been investigated. And
bacterial communities response to different hydrocarbons and their co-acclimation in the process
of degradation were also monitored for 5 days. Our results suggest that a highly efficient
microbiological product for crude oil bioremediation was developed with strain HC8-3S and it has
been successfully applied in the in situ remediation of crude oil contamination in Bohai bay,
China. Our study addressed the bacterial community responses to different hydrocarbons and their
co-acclimation and interactions during the process of biodegradation. The research work was
financially supported by On-site sediment microbial remediation of public area of central Bohai
bay, North China Sea Branch of State Oceanic Administration (QDZC20150420-002) and
National Natural Science Foundation of China (41376165, 41376138).
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#58 A PAH-degrading strain Gordonia sp. Q8 isolated from petroleum contaminated water.
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A PAH-degrading
strain
Q8
was
isolated
from
oilfield
produced
water.
According to analysis of biochemical test, 16S rRNA gene, house-keeping genes
and DNA-DNA hybridization, strain Q8 was assigned to a novel species of the
genus Gordonia. The strain could not only grow in mineral salt medium (MM) and utilize
naphthalene and pyrene as the sole carbon source, but also degrade mixed
naphthalene, phenanthrene, anthracene and pyrene. The degradation ratio of four PAHs reach to
100%, 95.4%, 73.8% and 53.4% respectively after 7 days degraded by Q8. Comparative
experiment found that the PAHs degradation efficiency of Q8 is higher than Gordonia alkaliphila
and Gordonia paraffinivorans which have the capacities of removal PAHs. Fourier transform
infrared
spectra, SARA and GC-MS analysis of crude oil degraded by Q8 were also studied.
The result showed that Q8 could utilize n-alkanes and PAHs in crude oil.
The relative proportions of naphthalene series, phenanthren series, thiophene
series, fluorene series, chrysene series, C21-triaromatic steroid, pyrene, and
benz(a)pyrene were reduced after degraded by Q8. Gordonia sp. nov. Q8
had the capacity to remediate water and soil environment contaminated by PAHs or crude oil. and
provided
a
feasible
way
for
bioremediation
of
PAHs
and
oil
pollution.
#64 The variable influence of dispersant on oil degradation at low temperatures.
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Extraction of oil is progressing into deeper waters and combined with the shrinking of arctic sea
ice previously inaccessible arctic oil reserves are now considered for exploration. Urgent research
is needed to improve our understanding of the environmental implications of an oil spill in the
deep sea and the appropriate mitigation measures. For example, there is still no consensus on the
effect of the use of chemical dispersants during the Deep Water Horizon (DWH) oil spill. We
incubated a model oil (mixture of 20 hydrocarbons similar in composition to a medium crude)
with sediments collected from 500 and 1000 m in the Faroe Shetland Channel (FSC) with and
without dispersant. Treatment of sediments with oil resulted in the enrichment of
Gammaproteobacteria, specifically the genera Pseudoalteromonas, Pseudomonas, Halomonas
and Cobetia. Degradation was observed in both stations but was slower at a lower temperature (0o
C).Dispersant had no significant effect at 5o C but did increase degradation rates and at a lower
temperature (0o C). This inconsistency in the effect of dispersant is significant as it highlights the
difficulty of predicting the effect of dispersants in the deep-sea. This research is the first step in
developing a scientific consensus as to how dispersants should be used in a deep-sea oil spill. To
our knowledge, this is the first assessment of the hydrocarbon degrading capacity of bacteria in
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the deep sediments of the FSC, an area where ultra-deep drilling is currently performed. The
DWH disaster attracted enormous scientific attention and raised public awareness about the
catastrophic consequences of anthropogenic perturbations in largely unknown environments, such
as the deep-sea. Thus, the results of this study are of interest to scientists, decision-makers and the
general public alike.
#65 Tailoring biostimulation efforts and inoculum sources are key to utilizing previously
exposed microbial communities for PAH removal
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Bacteria are often found tolerating or even thriving in polluted environments. If appropriately
harnessed, such bacteria may be exploited to bioremediate contaminants in controlled ex situ
reactor systems. Regrettably, conventional isolation techniques often fail to harness the full
potential of the environmental community. Our cumulative goal has been to develop a novel
method to harness upwards of 70% of the microbes directly from a given environmental sample as
mixed species biofilms, and manipulate these biofilms such that they exhibit the capacity to
markedly degrade organic pollutants of interest. Here, we explore the use of our biofilm
cultivation techniques to inoculate and activate moving bed biofilm reactor (MBBR) systems for
the degradation of polycyclic aromatic hydrocarbons (PAHs). Biofilms were cultivated from 4
different hydrocarbon contaminated sites (1 water, 3 soil) using a minimal medium spiked with
the 16 EPA identified PAHs at concentrations relative to those found in gasoline. The effects of
nutrient accessibility were examined by supplementing the media with either yeast extract or
glucose. Biofilm growth was observed using confocal microscopy, and quantified by 16S qPCR.
PAH degradation capacity of the resultant biofilm reactors was evaluated based on two principles,
observed loss of PAH compounds from the growth medium, and genetic potential. qPCR
enumeration of PAH catabolic genes (NAH and C23O) was used to estimate the genomic
potential for PAH degradation, while GC-FID was used to measure PAH degradation. Overall, all
4 inoculant sources resulted in biofilm communities capable of tolerating the presence of PAHs,
but only 2 of these exhibited enhanced PAH catabolic gene prevalence coupled with observable
degradation of select PAH compounds. A commonly endorsed strategy to enhance the
bioavailability of PAHs and consequently removal by microorganisms, is the addition of
surfactants. We explored this strategy by adding either above or below critical micelle
concentration levels of Triton X-100 to our bioreactor systems. The presence of surfactant had
both positive and negative effects on the ability of some biofilm communities to degrade
naphthalene. In conclusion, comparisons between inoculant sources highlight the dependence of
this MBBR driven method on appropriate inoculant screening and biostimulation efforts.
#145 Culturable microbiome and biodegradation activity in the diesel B5 and biodiesel
(B100) contaminated soil bioremediation
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Biodiesel has been even-increasing in the worldwide energy landscape in the last decades
mainly due to its use in blends with petroleum diesel (e.g., B20 (20% biodiesel) and B5 (5%
biodiesel) formulations). Therefore, a better understanding of the biodegradation mechanisms and
the ecotoxicological-safety endpoints of (bio)diesel contaminated soil is still necessary. This study
aims to contribute to the intrinsic bioremediation characterization of pure biodiesel (B100) and its
low-level blends contaminated soil, at different depths. All experiments were carried out in
laboratory microcosms, closed reactor columns containing B5- and B100-contaminated (10% w/v)
clay loam soil, so-called EXPB5 and EXPB100, respectively, for 60 days at room temperature.
Gas chromatographic-flame ionization detector (GC/FID) analysis showed that the highest
biodegradation percentage have occurred at the superficial soil layers, approximately 60%
for fatty acid methyl esters (FAME) in EXPB100, while in EXPB5 were 30% for FAME and 12%
for Total Petroleum Hydrocarbons (TPH). Culturable bacterial biomass was higher and almost
constant during all the assay long and soil depths in EXPB5, instead of EXPB100 presented a
decrease toward the bottom. Molecular characterization by DNA fingerprinting method has
demonstrated a distinct structure of culturable bacterial communities in each
microcosm, influenced mainly by fuel. Thereby, Arthrobacter sp. and Burkholderia sp. have been
identified exclusively in EXPB5 and EXP100, respectively. Regarding to the fungal microbiota,
the main putatively biodegraders species reported were Talaromyces pinophilus and Fusarium
solani. However, Penicillium genus- specifically P. citrinum- was particularly important for B5
biodegradation, whereas Cladosporium - C. parangustum species- for B100. The yeast
participation
was also observed, especially in EXPB5, notably Aureobasidium sp.and Cryptoccocus sp. It was
also noticed ecotoxicity reduction by the redworms (Eisenia fetida) mortality essays as
biodegration outcome, throughout the column (5 and 60 cm), more pronounced in EXPB100. The
present results demonstrate that the intrinsic bioremediation of B5 and B100 contaminated soil
could occurs satisfactorily up to 60 cm deep, mediated by autochthonous fungi and bacteria.
However, these findings strongly suggest that TPH and FAME biodegradability is impaired when
they are presented in blends.

Session 03 Microbial biotransformations from: Subsurface, Biofuels,
to MEOR and Reservoir Microbes.
#162 Distributions of thermophilic, endospore-forming bacteria in hydrocarbon seep
prospective sediments in the Eastern Gulf of Mexico.
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Dormant endospores of thermophilic bacteria (thermospores) can be routinely detected in
permanently cold marine sediments. These hardy and low-abundance endospores, belonging to the
phylum Firmicutes, remain undetected in typical nucleic-acid-based community surveys, but
proliferate when sediments are experimentally heated. Thermospores are close phylogenetic
relatives of microorganisms indigenous to subseafloor petroleum reservoirs; if they originate from
these deep habitats, hydrocarbon seepage from reservoir to seabed could explain their occurrence
in the cold ocean. As such, thermospore distributions and physiological features around seabed
hydrocarbon seeps might have utility in locating and characterising working petroleum systems.
Marine sediments from 112 locations in the Eastern Gulf of Mexico (100 to 3300 m water depth;
6 to 600 km apart) were sampled during an industry-sponsored piston coring survey. Triplicate
geochemical analysis allowed oil-positive and oil-negative classifications for each location. To
test for thermospores, sediments were thawed and amended with 20 mM sulfate and a mixture of
organic substrates, pasteurized at 80°C, and incubated at 50-55°C for 14 days. Thermophilic
sulfate reduction occurred to a greater extent in oil-positive sediments (n=59/72) relative to the
oil-negative (n=25/40) sediments. 16S rRNA gene amplicon libraries (V3-V4 region; Illumina
MiSeq) before and after 14 days of high temperature incubation revealed enrichment of specieslevel thermospore OTUs in all 112 locations except one. A selection of the top 131 significantly
enriched thermospore OTUs were chosen to investigate thermospore biogeogrpahy in the study
area. Most of these OTUs were considered to be endemic, with only 16 OTUs present in >20
locations. Furthermore, 33 OTUs appeared only in a single location, with 22 of these instances
being oil-positive sediments. The site with the strongest geochemical signals for hydrocarbon
seepage harbored 4 of these strictly endemic OTUs, including most prominently a member of
Halanaerobium, a genus frequently detected in subsurface oil reservoirs. The ability of
Halanaerobium spp. and other thermospores to survive in cold sediments where they can be
routinely detected in high temperature activity assays despite low in situ abundance points
towards potential utility for these organisms as biosensors for hydrocarbon seep prospection in
offshore oil and gas exploration.
#99 Biodegradation of polymers for enzyme technology applications in oil and gas
production
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Polymers such as polyacrylamides (PAM), carboxymethylcellulose (CMC), and galactomannan
(guar gum) are commonly used in the petroleum industry to enhance hydrocarbon recovery.
Polymers can be added to hydraulic fracturing fluids to increase viscosity, and to aid in the
transport of proppants. Conventionally, breaker oxidizers such as sodium and ammonium
persulfate has been utilized to reduce in-situ viscosity of fracturing fluids after proppant
placement, leading to an improved regain conductivity. Nevertheless, the use of oxidizers can
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yield issues such as an inefficient polymer degradation mechanism, safety/handling concerns, and
corrosion of tubulars. An attractive approach is the use of microbial activities or enzymes that can
promote the degradation of these polymers at specific reservoir conditions. In this study, we
investigated the ability of microbial communities to utilize PAM and CMC at reservoir
temperatures, and characterized the microbial communities and enzymes involved in the
degradation of these polymers. Thermophilic (60°C) aerobic and anaerobic microbial
communities able to utilize CMC were obtained from oilfield produced waters and manure. In
accordance with these results, endoglucanase (CMCase) activity was detected in the enrichment
cultures and isolated at 60˚C. Aerobic cultures were dominated by Bacillus spp. that are known to
degrade cellulose and hemicellulose, while anaerobic CMC-degrading communities were
predominated by methanogens such as Methanoculleus, and bacterial members from the order
Clostridiales (Caldicoprobacter and Ruminococcaceae). Microbial communities from oilfield
waters were capable of utilizing PAM as a source of nitrogen under aerobic conditions.
Interestingly, this community was dominated by members of the Xanthomonadaceae group,
Tepidiphilus and several Bacillus spp. This work demonstrates the ability of oilfield thermophilic
communities to utilize various polymers under aerobic and anaerobic conditions. Our results
suggest that a microbial approach can contribute to the degradation of polymers that are used in
oil and gas operations for improving hydrocarbon recovery.
#46 Realization of Subsurface methanogenic oil degradation system - Important role of
porous environment and nutrients.
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Laboratory study has been carried out to investigate the possibility of methane production coupled
with crude oil degradation technology using microbes inhabiting subsurface depleted oil
reservoirs. The concept supposes microbial conversion process of crude oil into methane, and the
mechanism is depicted as follows. First, hydrocarbon degradation microbes (bacteria) are utilized
to produce organic acid (finally acetate) from residual oil that could not be recoverable by primary
and/or secondary recovery process in matured oil field. Next, methane-producing microbes
(archaea, so-called methanogens) are used to generate methane from the produced acetate. It has
not been clarified that crude oil degradation can occur in subsurface oil reservoirs. However, our
recent incubation experiment has successfully observed methanogenic crude oil degradation in
high pressure and high temperature that represent the certain reservoir condition as a target of
field application. Various culture incubation experiments revealed that methane production
occurred by using indigenous microbes habiting the reservoir brine, and some nutrient additives
accelerated the methane production. Further culture incubation experiments were conducted using
artifact-free sand grain mimicking porous environment as subsurface oil reservoirs. The porous
environment significantly increased microbial activity of methane production, and the subsequent
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subcultures also continued to produce methane. Stable Carbon isotope tracer using [UL-13C]toluene was used to clarify the degradation of hydrocarbon compositions (variation between the
original and post-incubated oils). Consequently, it was revealed that the produced methane was
derived from alkylbenzene, such as toluene. The microbial community structure, participated in
the reaction of crude oil degradation, showed acetoclastic methanogens (which participates in the
microbial reaction from acetate to methane) dominated in archaeal community. This bacterial
community was candidate class JS1 and WWE1. A functional Key gene, bssA taking a role of
first activation of alkylbenzenes was detected in this microbial community. After the incubation,
SEM (Scanning Electron Microscope) observations of the microbes attached on the sand grain,
also revealed such porous environment accelerated microbial activities of hydrocarbon
degradation and conversion to methane Further experiments will tell us the suitable recipe of
nutrients, and it will be a big step toward building an innovative microbial methane conversion
system from remaining unrecoverable oil.
#161 Novel mode of methanogenesis by a methanogen isolated from a deep subsurface oil
reservoir
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Deep subsurface oil reservoirs are a unique deep biosphere where active and diverse
microorganisms inhabit. Methanogenesis is one of the representing biological activities in the oil
reservoirs, and methanogens play the most important role in methane production in the oil
reservoirs. Thus far, methanogens over 150 species in 30 genera have been categorized into only
three types, i.e., hydrogenotrophic, acetoclastic and methylotrophic methanogens. These
methanogens can only utilize simple compounds, such as hydrogen and carbon dioxide, acetate
and methanol. Here we report “methoxydotrophic methanogenesis” as the novel mode of
methanogenic process performed by a methanogen isolated from a high-temperature oil reservoir.
The methanogen, strain AmaM, belonging to the genus Methermicoccus directly utilized over 30
types of methoxylated aromatic compounds (MACs) other than methanol and methylamins. Based
on stable isotope tracer experiments, the metabolic pathway of this methoxydotrophic
methanogenesis was substantially different from other known methanogenic processes and
couples O-demethylation, CO2 reduction and acetyl-CoA metabolism. MACs derived from lignin
of higher plants occur widely in subsurface sediments. Thus, methoxydotrophic methanogens may
play an important role in the biogeochemical carbon cycle in deep subsurface oil reservoirs.
#97 Gaseous hydrocarbon oxidizing bacterial anomalies in topsoil can forecast the existence
of subsurface oil and gas deposits
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Microbial prospecting for oil and gas is a novel surface prospecting technology based on the
theory of hydrocarbon microseepage. Driven by reservoir pressure, some light components from
oil and gas reservoirs can vertically penetrate the cover above and rise to the surface of the earth,
influencing the distribution and growth of the microbial community in the topsoil. However,
because the floating hydrocarbons only represent a small proportion of total carbon source in the
topsoil, precise identification of indicator species in hydrocarbon microseep sites is a challenge
for petroleum geologist. In this study, by using molecular fingerprinting, DNA-based stable
isotope probing and Illumina sequencing, we comprehensively enumerated the microbial
communities in soil samples above typical onshore oil and gas reservoirs and established an
indicator species database. It was showed that the type I methanotrophs and Gram-negative
Proteobacteria are sensitive to the floating hydrocarbons. A large number of sensitive species are
well-known for their ability to degrade medium and long-chain n-alkanes (C10+), indicating that
gasoline hydrocarbon can penetrate the caprock of oil deposits with reservoir pressure in the long
term and rise to the surface as the substrates of gasoline hydrocarbon degrading bacteria. In
addition, by a series of bioinformational, mathematical and geostatistical analysis, in combination
of geochemical and geological data, we have preliminary clarified the typical anomalous
characteristics of oil and gas indicator bacteria and also witnessed the effectiveness of highthroughput sequencing technology for forecasting the existence of oil and gas deposits.
#52 Applicability of Eletromethanogenesis in high pressure and high temperature
subsurface reservoir as CCU technology.
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Carbon Capture and Storage (CCS) technology is a promising technology to mitigate greenhouse
gas emissions and in use around the world. However, at present, deployment of CCS is limited
approximately 20 large-scale CCS projects in operation or under construction globally. Because
CCS alone would not be commercially viable and requires financial support to compensate the
cost of CCS operation, value added options such as enhanced oil recovery, enhanced coal-bed
methane recovery are recommended and carried out. As an economic incentive for CCS operation,
conversion of CO2 to methane is considered in this research study by means of microbial
metabolism. The concept of subsurface “Electromethanogenesis” has the geological storage of
CO2, and in situ biological conversion of the stored CO2 to methane as carbon recycle system.
Our recent experimental study revealed that methanogen (methane producing archaea) and
exoelectrogen (electron emission bacteria) inhabiting subsurface oil reservoir are involved in the
electromethanogenesis (CO2 + 8 H++ 8e- → CH4 + 2H2O). In this reaction, methanogen receives a
proton (H+) from reservoir brine and electron from an electrode, as a result, converts CO2 into
methane. Required electricity for the methane conversion can be obtained from renewable energy
sources such as wind power generation. High temperature and high pressure single-chambered
electromethanogenic reactors were used for an evaluation. The reactors were inoculated with
formation
water
anaerobically
collected
from
domestic
oil
field
(temperature:55℃、pressure:5MPa) in Japan. Each reactor headspace was filled with mixed
gases of N2/CO2. The reactors were incubated with an applied voltage of less than 1volt which
electrolysis does not happen. During the reactor experiments methane production rate and
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conversion efficiency of electricity to methane were observed changing the applied voltage level
from 0.3 to 0.9 V. Our experimental research demonstrated for the first time that the possibility of
bio-electrochemical methane conversion of carbon dioxide by utilizing microbes indigenous to
depleted oil fields in high pressure and high temperature environment. These results indicate the
applicability of electrometanogenesis system in high pressure and high temperature subsurface
reservoir as CCU technology.

#15 Genetic construction of a conditional cellulose production, facultative anaerobic
Enterobacter sp. for microbial deeply profile control during water flooding.
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MEOR utilizes microorganisms and/or their metabolites, such as organic acids, gases, biosurfactants and biopolymers to extend the life of oil reservoirs by injecting nutrients and
cultivated microorganisms into the wells. Nowadays, the heterogeneity is one of the major reasons
for low oil recovery efficiency in most reservoirs in China. The injected water quickly flows
through high permeability channels to production wells, resulting in a small fraction of crude oil
to be displaced. To increase flooding sweep efficiency of injected water, polymers have been used
for selective plugging of high-permeability areas. Currently, the most commonly used polymers in
the laboratory and fields were polyacrylamide and xanthan gum. Polyacrylamide is a chemical
polymer that is difficult to be biodegraded and is toxic to the environment. Xanthan gum is a
water-soluble biopolymer with extremely sensitive to biodegradation. Therefore, looking for a
polymer which with no toxic and lower sensitive to degradation is imperative. In this study, a
facultative anaerobic Enterobacter sp. FY-07, which is capable of producing massive bacterial
cellulose, was used to construct a genetic engineering strain for conditional bacterial cellulose
production. The resultant strain Enterobacter sp. FY-0701 could produce bacterial cellulose under
the condition of glucose used as the sole carbon source, but couldn’t produce bacterial cellulose
when glycerol was used as the sole carbon source. So the bacteria cultured with glycerol can move
quickly in the oil strata and produce much cellulose mass when they meet the molasses injected at
a given time later. Core flooding experiments were carried out to test the feasibility of the deeply
control profile. The results have indicated that both the genetic engineering strain and the wild
type strain have a promising application potential for microbial selective plugging, but the genetic
engineering strain was more suitable for deeply profile control than wild type strain. So we can
make it easy to get more crude oils in deep reservoir.
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#126 Stimulation of Thauera sp. TK001 with isopropanol and acetone under denitrifying
conditions for microbial enhanced oil recovery.
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Extracting the maximum amount of oil from reservoirs through tertiary production methods is a
major challenge to the oil industry. The use of microorganisms and their metabolic products,
referred to as microbial enhanced oil recovery (MEOR), is receiving renewed interest to stimulate
oil production. MEOR involves stimulating a reservoir’s indigenous or introduced microbes to
improve oil recovery. Amendment of reservoir fluid with cheap substrate is required to enhance
the growth and activity of microbes. The present study used volatile organic solvents such as
isopropyl alcohol (IPA) or acetone to enhance indigenous anaerobic nitrate-reducing bacterium
identified as Thauera sp. TK001. The strain was isolated from an oil reservoir and was able to
degrade and grow on IPA or acetone under denitrifying conditions. Acetone was an intermediate
in the biodegradation of IPA in the presence of CO2, suggesting that the biodegradation pathway
involved dehydrogenation of IPA and carboxylation of the acetone formed for complete
mineralization to CO2. The biotechnological application of strain TK001 for MEOR during
biodegradation of IPA and acetone was determined in sand-packed oil bioreactors under low and
high pressures. To monitor the oil recovery process, seven sand-packed columns containing heavy
oil were flooded with Coleville synthetic brine (CSBK) medium at atmospheric pressure and two
at high pressure (27.2 atm, 400 psi). Bioreactors were then inoculated with 0.5 pore volume (PV)
of CSBK containing Thauera sp. TK001 with 25 mM of acetone or 22.2 mM of IPA with or
without 80 mM nitrate. Incubation without flow for two weeks and subsequent injection with
CSBK gave an additional 26.6 ± 4.5% of residual oil in place (ROIP) from low-pressure
bioreactors and an additional 18.3% of ROIP from the high-pressure bioreactors. These results
indicate that acetone or IPA, which are commonly used organic solvents, are good substrates for
nitrate-mediated MEOR, comparable to glucose, acetate or molasses, tested previously. This
technology is also advantageous for coupling biodegradation of IPA and/or acetone in waste
streams to MEOR where these waste streams are generated in close proximity to an oil field.
#16 Minority microbial populations alternately dominated and contributed to oil increment
during indigenous microbial flooding in a post polymer-flooded oil reservoir.
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Polymer flooding technology is a method of tertiary oil recovery for high water-cut reservoirs.
During polymer flooding, most recoverable oil has been recovered, while the distribution of
residual oil underground becomes extremely complex. Moreover, the injected displacing fluid will
rapidly flow out along with the large pore paths. As a result, the water content of produced liquid
maintain at a very high level. How to further explore the residual oil rich region to improve oil
recovery in post polymer flooded high water-cut reservoirs becomes more and more attractive and
important for oil industry. This study investigated the succession of microbial communities and
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the changes of oil increment in a process of intermittently pumping of nutrients into oil strata in a
post polymer-flooded high water-cut reservoir. High-throughput sequencing and quantitative
polymerase chain reaction of 16S rRNA genes were performed for community analysis. The
reservoir microorganisms showed strong responses, with community abundances obviously
increased, while alpha diversities significantly decreased during the Indigenous microbial
enhanced oil recovery (IMEOR) process. Along with the intermittent nutrients injection, microbial
communities were alternately dominated by minority microbial populations: Pseudomonas and
Acinetobacter increased when nutrients were injected; in the following water-flooding process,
Pseudomonas, Actinobacteria, Hyphomonas, and Phenylobacterium significantly decreased, while
anaerobic populations Thauera, Azovibrio, Arcobacter, Helicobacte, Desulfitobacterium, and
Clostridium increased. Moreover, most of these populations belong to the core microbial
populations. After the IMEOR process, microbial communities remain relatively stable for a long
period of time. Oil production performance suggested that higher oil increment appeared at the
initial stage of the IMEOR process in the post polymer flooded reservoir. This study provides a
better understanding of the succession of microbial populations as a function of injected nutrients
and the changes of oil increment in post polymer flooded high water-cut reservoirs.
#81 Developing of new low cost organic based nutrients for MEOR and its inhibitory effect
on generation of hydrogen sulfate in the cultivation of crude oil and formation water using
small test vials.
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Microbial enhanced oil recovery (MEOR) characterized by injecting the nutrients and stimulating
the indigenous microbes in oil reservoirs is known as cost effective and environment friendly
technology for EOR. We have recently succeeded in developing new nutrients for MEOR. We
conducted cultivation experiments using small test vials which were filled up with crude oil and
formation water derived from a domestic oil field and mixed with various combinations of
nutrients. After cultivation of various periods, produced gas and surfactant were analyzed, which
are considered to be the main factors for accelerating MEOR effect. We found some combinations
of the nutrients showing high yield of gas or surfactant in the vial tests. However, these organic
nutrients are generally expensive and there is a problem that hydrogen sulfate is easily generated.
Additionally some kinds of biocides are added into well in the oil field to prevent the generation
of hydrogen sulfate by microbes, though these compounds may be potent inhibitors for MEOR.
The purpose of this study was to explore the practical organic nutrients at low cost and to develop
a method of suppressing hydrogen sulfate generation. The effect of biocides on cultivation of
crude oil and formation water with an organic based nutrient also has been examined and
discussed.
#127 Effects of porous flow on the reservoir-scale petroleum biodegradations in Dagang oil
field.
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The reservoir fluids and oil from a block of Dagang oil field were analyzed by GC-MS
fingerprinting, isotopic composition (H2O, CO2, CH4), and composition of the microbial
community in order to reveal the level and mechanism of petroleum-hydrocarbon biodegradation.
The inter-well tracer showed that the fluids from injection well take 40-80 days to reach three
production wells. The hydraulic connection with the other two wells was low as the tracer was not
detected in 110 days. The variability of δ18O and δD composition of the production water reveal,
that the injection water is a major water source but a contribution from water reservoir is
likely. The GC-MS fingerprint of crude oil indicated that the oils in all the wells are heavily
biodegraded, and the degradation variation in the spatially closely related section of the reservoir.
This fact suggests that to recent biodegradation may be related to the mode of oil production using
secondary production by injection of water containing electron acceptor like oxygen. An aerobic
microbial community within injection and production water suggests a potential for aerobic or
facultative anaerobic biodegradation. In contrast a methanogenic microbial community was found
next to fermenting organisms suggesting oil degradation under methanogenic conditions. The
isotope analysis of CH4 and CO2 suggest that the gases were mainly produced by biological
processes. The carbon isotope composition suggests that methanogenic oil degradation were
dominated by acetoclastic pathway although methylotrophic and hydrogenotrophic methanogens
were found. Among the production wells, biomass of bacteria and Archaea decreased with the
increase of water retention time in reservoir. Substantially, the biomass produced from oil wells is
a mixture, including the anaerobic community living in strata and the aerobic ones carried by the
injected fluids. The longer retention time means higher filtration efficiency by porous strata,
leading to the decline of aerobic biomass. Correspondingly, the aerobic metabolites, as easier
substances for anaerobes than hydrocarbons, would be less after longer migration, which resulted
in the fewer anaerobic cells around oil wells.
#165 Reuse of produced water for simultaneous production of xanthan and rhamnolipids
used in enhanced oil recovery.
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This research investigated the use of produced water (PW) and crude glycerin, waste products
from the oil and biodiesel industry, respectively, as a growth medium and source of nutrients in a
bioprocess employing Xanthomonas and Pseudomonas strains, in order to simultaneously produce
xanthan gum and rhamnolipids, products already used in enhanced oil recovery (EOR)
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applications. The xanthan gum and rhamnolipid produced exhibited excellent viscosity and
emulsifying activity characteristics, and better pseudoplasic rheological behavior than
conventional chemical EOR compounds. The biologically produced compounds also achieved
significantly higher incremental oil recovery in a simulated EOR application, than commercial
xanthan gum alone, and the process also achieved a 60% reduction in total hydrocarbons in the
effluent. EOR benefits of incremental oil production and reduction in PW, coupled with the use of
waste products to produce the compounds employed, minimize the environmental impact of EOR
methods employing such compounds.

#145 Culturable microbiome and biodegradation activity in the diesel B5 and biodiesel
(B100) contaminated soil bioremediation.
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Biodiesel has been even-increasing in the worldwide energy landscape in the last decades
mainly due to its use in blends with petroleum diesel (e.g., B20 (20% biodiesel) and B5 (5%
biodiesel) formulations). Therefore, a better understanding of the biodegradation mechanisms and
the ecotoxicological-safety endpoints of (bio)diesel contaminated soil is still necessary. This study
aims to contribute to the intrinsic bioremediation characterization of pure biodiesel (B100) and its
low-level blends contaminated soil, at different depths. All experiments were carried out in
laboratory microcosms, closed reactor columns containing B5- and B100-contaminated (10% w/v)
clay loam soil, so-called EXPB5 and EXPB100, respectively, for 60 days at room temperature.
Gas chromatographic-flame ionization detector (GC/FID) analysis showed that the highest
biodegradation percentage have occurred at the superficial soil layers, approximately 60%
for fatty acid methyl esters (FAME) in EXPB100, while in EXPB5 were 30% for FAME and 12%
for Total Petroleum Hydrocarbons (TPH). Culturable bacterial biomass was higher and almost
constant during all the assay long and soil depths in EXPB5, instead of EXPB100 presented a
decrease toward the bottom. Molecular characterization by DNA fingerprinting method has
demonstrated a distinct structure of culturable bacterial communities in each microcosm
influenced mainly by fuel. Thereby, Arthrobacter sp. and Burkholderia sp. have been identified
exclusively in EXPB5 and EXP100, respectively. Regarding to the fungal microbiota, the main
putatively biodegraders species reported were Talaromyces pinophilus and Fusarium solani.
However, Penicillium genus- specifically P. citrinum- was particularly important for B5
biodegradation, whereas Cladosporium - C. parangustum species- for B100. The yeast
participation
was also observed, especially in EXPB5, notably Aureobasidium sp. and Cryptoccocus sp. It was
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also noticed ecotoxicity reduction by the redworms (Eisenia fetida) mortality essays as
biodegration outcome, throughout the column (5 and 60 cm), more pronounced in EXPB100. The
present results demonstrate that the intrinsic bioremediation of B5 and B100 contaminated soil
could occurs satisfactorily up to 60 cm deep, mediated by autochthonous fungi and bacteria.
However, these findings strongly suggest that TPH and FAME biodegradability is impaired when
they are presented in blends.

Session 04 'Omics' technology for the oil and gas industry
#121 The ecological role of Candidate Division OP3 in the MHGC oil field as revealed by
omics techniques.
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The Medicine Hat Glauconitic C (MHGC) field is a shallow (850 m below the surface)
conventional oil reservoir producing heavy oil through produced water reinjection. Injection of
sulfate-containing make-up water has caused sulfide formation by sulfate-reducing bacteria
(souring) in production wells. Souring is controlled by nitrate injection since early 2007. Injection
of nitrate and sulfate and the presence of heavy oil make the MHCG field a unique habitat for
microbial communities that are distinct and more diverse than found in other hydrocarbon
resource environments.16S rRNA amplicon sequencing of 321 samples collected from 28 sites
between January 2011 and March 2013 indicated the presence of a wide range of candidate
divisions, prokaryotes without cultured representatives, in the MHGC field. These were mostly at
low abundance (<1%) except for candidate division OP3 whose average abundance in source,
water-plant, injection and produced waters (PW) was 0.06%, 1.50%, 2.62% and 3.82%,
respectively. Candidate division OP3 was highly enriched in some PWs, e.g. its average
abundance in 4PW was 16.7%. Network analysis of co-occurring taxa showed a strong connection
with the strict anaerobe Smithella, which degrades hydrocarbons or organic acids in syntrophic
association with H2- or formate-utilizing microorganisms.Next generation sequencing technology
has yielded some OP3 genomes. A single-cell genome of an OP3 taxon collected from freshwater
sediments indicated the presence of periplasmic and a membrane-bound hydrogenases. A draft
genome sequence obtained from the metagenome of anammox granules in a wastewater treatment
system identified key functional genes in denitrification. The possession of hydrogenase and
denitrification genes, as well as the co-occurrence with Smithella indicate that OP3 may scavenge
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hydrogen formed by water-mediated degradation of hydrocarbon in the MHGC field, where
nitrate is injected to control souring. In order to test this hypothesis we have performed single-cell
sorting and genome amplification of four candidate division OP3 genomes from 4PW.
Metagenome sequencing and proteomic analyses of microbial communities from PW samples
with high abundance of candidate division OP3 are in the progress.

#146 Elucidating taxonomy and physiology of the dominant taxa inhabiting petroleum
reservoirs based on genome reconstruction.
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Molecular biology techniques (mainly 16S rRNA gene-based approaches) have been applied in
many oil reservoir environments for characterization of microbial communities. Although these
studies have greatly enriched our knowledge on microbial diversity in these environments, they
are limited in addressing the function of major players. Petroleum reservoirs are usually
considered as polyextreme environments due to the combination of high temperature, pressure,
salinity and limited nutrients. The metabolic capacities of the microorganisms inhabiting these
environments are related with the hydrocarbon transformations with significant impacts on energy
sources. Although a few shotgun metagenomic analyses have been performed from direct
sequencing of DNA isolated from oil samples, these studies have analysed relativelly small
datasets. In this work, we applied a metagenomics-based approach combining assembly and
binning aiming to define the dominant microbial members and decipher their functional
capabilities. Shotgun metagenomic data from crude oil and associated formation water from two
oil reservoirs in Recôncavo Basin, Brazil, were analysed using the Emergent Self Organization
Maps (ESOM). Although whole shotgun metagenomics and 16S rRNA gene clone libraries were
applied previously to investigate these samples, the metagenomic-binning approach enabled a
higher taxonomic resolution and allowed the identification of candidate phyla (Microgenomates
and Atribacteria). In total, 44 genomes from Bacteria and Archaea Domains were recovered from
the two reservoir samples. A higher number of bacteria and archaea was recovered from the oil
reservoir with the lower temperature and depth (BA-1). We observed that thermophilic bacteria
were more abundant in the BA-2 oil reservoir, which has the higher in situ temperature (60 oC in
comparison with 50 oC in BA-1). A fermentative metabolism coupled with methanogenesis is
likely to be the mechanism for hydrocarbon degradation in BA-1 oil reservoir. Whether members
of some candidate phyla also play a role in this process is still uncertain.
#149 Recovery of partial microbial genomes from metagenomes of Brazilian oil reservoirs.
Authors
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Due to the constant increase in world population and the increasing use of fossil fuels, a high
demand for this energy resource is causing a decline in its availability. In addition, the recovery of
high-quality oils is becoming scarce, leading oil companies to seek for methods to enhance the
capacity to recover and transform lower quality oils. One of the factors that can alter the quality of
the oils is the microbial metabolism. Therefore, characterization of the microbiota in oil reservoirs
is crucial for understanding mechanisms that may be influencing the oil quality. This work aims at
the recovery of microbial genomes from metagenomic datasets from Brazilian oil reservoirs in
order to elucidate metabolic mechanisms and pathways responsible for crude oil degradation. Two
samples of crude oil and one of formation water collected from reservoirs located in the
Reconcavo basin (Northeast Brazil) were sequenced on the Illumina HiSeq 2500 2x100 bp
platform. The assembling of these data was performed through IDBA-UD and SPADES
softwares. The resulting data were combined for binning with the MaxBin software, where 88
bins were recovered, eight of them with more than 80% completeness, ranging from 2.3 to 8 Mb.
These partial genomes are taxonomically related to the microbial genera such as Marinobacter,
Flexistipes and Methanosaeta. After annotation on the RAST server, the presence of genes related
to the degradation of aromatic compounds, including the degradation of phenylalkanoic acid and
heterocyclic aromatic compounds, could be verified. Genes related to antibiotic resistance and
heavy metal tolerance (arsenic, mercury, copper, zinc and cobalt) have also been revealed. Thus,
although complementary analyzes are still necessary, these preliminary results demonstrate how
the recovery of genomes from metagenomic data can be used to understand the complexity of
processes and the microbial taxa involved in hydrocarbon transformations in oil reservoirs.
Integration of such in depth microbiological data with geochemical background will allow to
improve methods for oil recovery.
#23 Use of transcriptomics and genomics to understand the underlying mechanisms of
bacterial adaptation to jet-fuel.
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Microorganisms that have the ability to thrive in a hydrocarbon rich environment often have
specialized adaptive mechanisms. Fuel contains toxic compounds including aromatic
hydrocarbons. Interplay between the ability to degrade hydrocarbons and having efficient vital
cell adaptive mechanisms are crucial for cells to proliferate in jet fuel. These adaptive mechanisms
include impermeabilization of the cell to prevent entrance of toxic compounds, activation of
efflux pumps to extrude toxic solvents, and general stress responses. Additionally, bacteria can
increase the production of exopolysaccharides and formation of biofilms along with secretion of
surfactants and emulsifiers to facilitate uptake of hydrocarbons. These responses are primarily
controlled at the transcriptional level by global and local regulatory proteins and sRNAs. We have
used transcriptomic and genomic approaches to discover novel genes and pathways and gain
mechanistic insights into how bacteria respond to jet fuel. We studied transcriptional response of
Pseudomonas aeruginosa and Marinobacter hydrocarbonoclasticus in response to jet fuel using

84

DNA microarrays and RNAseq methods. P. aeruginosa activates multiple metabolic pathways
and adaptations to overcome fuel stress. We found fuel down regulates major porins such as oprF
and oprG required for uptake of toxic aromatics including toluene and naphthalene. In addition to
preventing internalization, upregulations of efflux pumps such as mexCD-oprJ, mexEF-oprN,
mexGHI-opmD indicates extrusion of toxic hydrocarbons. A large number of unknown efflux
pumps were upregulated in the presence of fuel. Our data suggests porin regulation and efflux
pumps are required for fuel tolerance. In addition, we found fuel adapted strains have better stress
response mechanisms. A fuel adapted strain employs a rapid heat shock response as a mechanism
to tolerate fuel stress compared to strains less adapted to fuel. In addition, cells produce
surfactants and extracellular polysaccharides that facilitate bacterial colonization at the water-fuel
interface. We found rhlAB gene operon encoding production rhamnolipid-bio-surfactant was up
regulated. Additionally, genes encoding alginate and Pel protein biosynthesis which play a role in
cell aggregation and biofilm formation in the fuel environment were upregulated. Our results
collectively suggest multiple metabolic pathways and adaptations are crucial for P. aeruginosa
proliferation in fuel.
#174 Microbial Exploration Techniques: An off-shore case of study
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Microbial Exploration Techniques (MET) is an oil and gas exploration approach that identifies
microbial abundance and diversity in soil near reservoir surfaces to estimate hydrocarbon levels.
This method is largely based on the premise that hydrocarbon reservoirs often produce
microseepage towards the surface, producing anomalies on the diversity and distribution of the
soil microbiota living in the near surface zone above. MET applications on several on-shore fields
have reported a positive correlation between the presence of certain taxonomic groups and
hydrocarbon deposits, achieving up to 78% success rate on exploratory wells drilled on MET.
However, in despite of the high cost of drilling off-shore wells (100-600 M$ per unit) and the fact
that the success rate of any of the state-of-the-art exploration technologies available today is about
20%, there is a lack of studies demonstrating the validity of MET off-shore. The current study
aims to evaluate the feasibility and potential of MET on off-shore exploratory campaigns.
Specifically, we performed a taxonomical characterization of the microbial populations living in
20 piston cores extracted for standard geochemical analysis during an off-shore exploratory
campaign. Through descriptive multivariate statistics, we have identified a set of microbial
indicators of hydrocarbon presence which show strong correspondence between biological and
geochemical anomalies. The result is a classification which has been used to guide a machine
learning algorithm that would allow to automatically detect positive samples solely based on their
microbial signature.
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