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complex and multifaceted international industry. 
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Welcome 



Dear Delegate, 



Welcome to ISMOS-8, our first online symposium! 



This is the 8
th meeting of the International Symposium on Applied Molecular Microbiology  in Oil Systems (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. 



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. We will  have three workshops, which focus on Career Building,  Failure Analysis and Nanopore Sequencing  that are relevant to the oil and gas industry.  



We are very grateful to the Technical & Scientific  Committee (TSC). We also thank the  sponsors for their support to ISMOS-8. 



We hope you have an interesting and enjoyable meeting! 



Yours, 



Torben Lund Skovhus, VIA University College (TSC Chair)  Corinne Whitby, Essex University (TSC Vice Chair) 



Sean Caffrey, University of Toronto (ISMOS Webmaster) 

Annie An, BAM (ISMOS Web Support) 
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Symposium Program



(all times CEST) 



Monday, June 7
th 2021 



Workshops: 


14:30-14.40  Welcome 



14.40-16.10  Workshop 1: Career Building   



(Chairs: Nicole Dopffel, Marko Stipanicev, Annie An) 

 16.10-16.35  Break 


16.35-18.05  Workshop 2: Failure Analysis   (Chairs: Torben Lund Skovhus, Richard Eckert) 

 18.05-18.30  Break 


18.30-20.00  Workshop 3: Nanopore Sequencing   (Chairs: Sean Caffrey, Renato de Paula) 


20.00-20.05  Workshop Wrap Up 



Tuesday, 8
th June 2021 


14:30-14.40  Welcome 



Session 01: A Green Future- becoming net zero 



Chairs: Ian Head, Alexander Grigoryan 

 Keynote 

14:45-15.15  Jeremy Shears (Shell  Research Limited) 
The role of biology  in the energy  transition 


Offered Papers  


15:15-15.35  Andrea Koerdt (Federal Institute for Materials Research and Testing (BAM)) 



#20  The  impact  and  potential  of halophilic  microorganisms  on  alternative  fuels  


15.35-15.45 Break 



(11)
15:45-16.05  Elisabete  Silva (University of Lisboa) #21 Eco-friendly non-biocide  release  coating  inspired  in  a  multifunctional  strategy  to  fight  against  antifouling  resistance bio-foulants 



16:05-16.25  Zach  Broussard  (Cemvita  Factory)  #36  Enhancing  Biological-Mediated  Conversion of CO
2 to Hydrocarbons in the Subsurface 


End of Session 



Session 02a: MIC and Souring 



Chairs: Tony Mitchell, Annie An 

 Invited Speaker  


16:30-17.00 
 Joerg  Deutzmann,  (Stanford  University)  Electron  transfer  from  solid  surfaces to microbes - mechanisms,  implications, and applications. 


17.00-17.25  Break 


End of Session 


Offered Papers  



17.25-17.45  Tanmay  Chaturvedi  (Aalborg  University)  #31  Clean  Biocide  Project: 



Halophilic  plant  extracts  for  prevention  of  microbiologically  influenced  corrosion (MIC) 



17.45-18.05  Alexander  Grigoryan  (Saudi  Arabian  Oil  Company)  #74  Survey  of  an  oil  reservoir indicates that engineers must act to mitigate bacterial souring   18.05-18.25  Nora Ebergen (DuPont Microbial Control) #44 Novel Glutaraldehyde-based 



Formulations for Remediation  and Control of Reservoir Souring  



18.25-18.45  Eric  Deland  (Federal  Institute for Materials Research  and  Testing (BAM)) 



#18  Environmental  conditions  affect the corrosion  product  composition  of  Methanogen induced microbiologically  influenced corrosion (Mi-MIC)  

 18.45-19.00  Break 

19.00- 19.35  Flash Presentations (Chairs: Annie An, Ken Wunch) 
 19.35-19.55  Q&A Flash Presentations (Breakout Rooms) 


   End of Session 
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Wednesday, 9
th June 2021  Session 02b: MIC and Souring 



Chairs: Torben Lund Skovhus, Marko Stipanicev 

 Offered papers  


14.35-14.55  Mohammed  Sindi  (Newcastle  University)  #64  Effects  of  Extreme  Physicochemical  Parameters of injected seawater - produced water (ISW- PW) on sulfidogenesis and Microbially-Influenced Corrosion (MIC)  



14.55-15.15  Gunhild  Bødtker (NORCE)  #17  Biofilm  Injectivity  During  Produced  Water  Re-Injection (PWRI)  



15.15-15.35  Moein  Jahanbani  Veshareh  (Denmark  Technical  University)  #29  An  integrated methodology to study reservoir souring at the lab- and field-scale  

 15.35-15.45   Break 


15.45-16.05   Xiang Shi (Heriot-Watt University) #65 Unmasking the hidden responses of  a souring community to repeated glutaraldehyde treatments in sand-packed  flow-through bioreactors  



16.05-16.25  Sven  Lahme (Exxon  Mobil  Upstream  Research  Company)  #11  Severely  corrosive  sulfate-reducing  biofilms  contain  a  diverse  multi-heme  cytochrome gene cluster  



16.25-16.45  Andre  Abilio (University  of  Alberta)  #6  Review  of  Current  Gaps  in  Microbiologically  Influenced  Corrosion  (MIC)  Failure  Investigations  in  Alberta’s Oil and Gas Sector  


   End of Session 


16.45-17.15   Break 
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Session 03a: Hydrocarbon Biodegradation  



Chairs: Corinne Whitby, Paul Evans 

 Invited Speaker  


17.15-17.45  Yoichi  Kamagata,  (National  Institute  of  Advanced  and  Industrial  Science  (AIST)) Deep subsurface microbes  involved in the degradation of complex  organic materials  


Offered papers  



17.45-18.05  Nicolas  Tsesmetzis  (Shell  International  Exploration  and  Production  Inc.)



#63 Syntrophic Hydrocarbon Degradation in a Decommissioned  Off‐Shore  Subsea Oil Storage Structure  



18.05-18.25   Courtney Toth (University of Toronto) #38 Field Application  of Anaerobic   BTEX Bioremediation  Technologies in Groundwater  



18.25-18.45  Ibrahim  Farag (University  of  Delaware)  #5  Niche  partitioning  and  high  replication rates of aerobic microbes  promote biogenic  methanogenesis  in  petroleum reservoirs  


18.45-19.00  Break 


19.00- 19.40  Flash Presentations (Chairs: Ken Wunch, Dennis Enning) 
 19.40-20.00  Q&A Flash Presentations (Breakout Rooms)  


   End of Session 
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Thursday, 10
th June 2021 



Session 03b: Hydrocarbon Biodegradation  



Chairs: Corinne Whitby, Paul Evans 

 Offered papers  


14.35-14.55  Angela  Sherry (Northumbria University)  #42 Fibre Highways: translocation  of the microbiome for hydrocarbon bioremediation   



14.55-15.15  Shen  Guo (University  of  Toronto)  #40  Increasing  the  rate  of  anaerobic  benzene degradation in enrichment cultures  



15.15-15.35  Osman  Radwan (University  of  Dayton  Research  Institute)  #48  Genome  Sequencing and Hydrocarbon Degradation Profiling Reveal Metabolic Role  of Fungi in Fuel Degradation and Bioremediation 


15.35-15.45   Break 



15.45-16.05  Meng  Ji  (University  of  Calgary)  #59  Hydrocarbon-degrading  microbial  communities  in  Arctic  sea  ice,  seawater,  and  sediment  along  shipping  routes in Canada’s Kivalliq  region  



16.05-16.25  Xu  Chen  (University  of  Toronto)  #26  Characterization  of  a  predicted  necromass-  recycling  bacterium  in  a  methanogenic  benzene-degrading  enrichment culture  



16.25-16.45   Susmitha  Kotu (DNV  GL)  #61  Importance  of  investigating  the  effect  of  hydrocarbon bioremediation on corrosion  


   End of Session 


16.45-17.15   Break 
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Session 04a: Oil and gas microbiome: Problems, control and  opportunities 



Chairs: Nicolas Tsesmetzis, Renato dePaula 

 Invited Speaker  


17.15-17.45   Turid  Liengen,  (Equinor,  Norway)  MIC  monitoring  in  Equinor;  a  historic  journey 


Offered papers  



17.45-18.05  Ali Mahmoodi (Danish Hydrocarbon Research and Technology Centre) #33  On the necessity  of  multi-phase,  field  scale,  and  long  term  simulations  in  reservoir souring studies  



18.05-18.25  Jaspreet Mand - ExxonMobil Upstream Research Company #12 Application  of  novel  technologies  for  the  detection  and  monitoring  of  corrosive  microbiomes  in oilfields  



18.25-18.45  Damon  Brown (University  of  Calgary)  #14  Metagenome  mining  hydrocarbon environments for multidrug (biocide) resistance gene sources  


   End of Session 


18.45-19.00   Break 


19.00- 19.30  Flash Presentations (Chairs: Torben Lund Skovhus, Dennis Enning) 
 19.30-19.50  Q&A Flash Presentations (Breakout Rooms) 


   End of Session 
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Friday, 11
th June 2021 



Session 04b: Oil and gas microbiome: Problems, control and  opportunities 



Chairs: Nicolas Tsesmetzis, Renato dePaula 

 Offered papers  


14.35-14.55  Amela  Keserovic (Schlumberger)  #3  Field  Optimization  of  Biocide  Treatment Based on a Novel Sessile Bacteria Monitoring Program  



14.55-15.15  Verena  Brauer (University  of  Duisburg-Essen)  #66  Selection  in  microbial  islands creates a large core community with variable relative abundances   15.15-15.35  James  Floyd (University  of  Oklahoma)  #73  Microbial  Communities  in 



Biodiesel  Storage Tanks Correlate with Fuel Composition  

 15.35-15.45   Break 


15.45-16.05  Alexey Ershov  (Research Centre of Biotechnology, RAS) #55 Sulfidogenic  microbial  communities of the Uzen oil field and their resistance to biocides   16.05-16.25   Daniel  Gittins (University  of  Calgary)  #72  Geofluids  facilitate  a  microbial 



dispersal cycle in the subsurface biosphere  



16.25-16.45 
 Jose  Miguel  Seoane (Repsol)  #62  Exploring  the  use  of  DNA-based  monitoring 
 tools in the biological monitoring of a gas pipeline located in the Peruvian Amazon.   

End of Session 
16.45-17.15   Break 
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Session 05: Alternative fuels to oil and gas  



Chairs: Alexander Grigoryan, Paul Evans 

 Invited Speaker  


17.15-17.45 Korneel Rabaey (Ghent University) From CO
2 to novel fuels – and beyond 


Offered papers  



17.45-18.05  Ruth Barnes (University of Sheffield/ Conidia Bioscience Ltd) #15 Microbial  communities  in alternative aviation fuels  



18.05-18.25  Pierangela Cristiani (Ricerca sul Sistema Energetico -RSE) #58 Geological  and  microbiological  characterization  of  rocks  collected  from  deep  and  superficial  sites  for the  study  of  potential  underground  hydrogen  storage  sites  


End of Session 
 18.25-18.30   Break 


18.30- 18.50  Flash Presentations (Chairs: Ian Head, Alexander Grigoryan) 
 18.50-19.10  Q&A Flash Presentations and Posters (Breakout Rooms) 
 19.10-19.30  Closing Remarks and news on ISMOS-9 


End of Session 
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ISMOS-8 ABSTRACTS 



Oral program 



Session 01: A Green Future—becoming  net zero Plenary: 


The role of biology in the energy transition 
 Jeremy Shears,  Shell Research  Limited, UK 


Shell’s target is to become a net-zero emissions energy business by 2050, in step with society’s 
 progress in achieving the goal of the UN Paris Agreement on climate change. With this target, we 
 will contribute to a net-zero  world, where society stops adding to the total amount of greenhouse 
 gas emissions in the atmosphere. This supports the more ambitious goal to tackle climate change  
 laid  out  in  the  Paris  Agreement:  to  limit  the  rise  in  average  global  temperature  to  1.5°Celsius.  


Becoming a net-zero emissions energy business means that we are reducing emissions from our 
 operations,  and from the fuels and other energy products  we sell to our customers. It also means 
 capturing and storing any remaining emissions  using technology  or balancing  them with offsets. 


The biosphere  takes  on an increasingly  important  role in stabilising  the climate  through  the 21st 
 century, both from its carbon storage potential and from its role in providing  renewable feedstock 
 options  for  fuels,  chemicals  and  materials.  Photosynthesis  not  only  provides  a  mechanism  to 
 capture  solar  energy,  but  also  generates  molecular  building  blocks  for  emerging  bio-
 manufacturing  industries. I will provide examples of how Shell is working with biology in a number 
 of areas from biofuels to nature-based  solutions and how the latest advances  in bioscience  such 
 as rapid DNA sequencing  and engineering biology  can play a role in the energy transition. 



Offered Talks: 


#20 The impact and potential  of halophilic  microorganisms  on alternative  fuels  


1. Annie An - Bundesanstalt  für Materialforschung  und Prüfung  (BAM) 
 2. Eric Deland - Bundesanstalt  für Materialforschung  und Prüfung (BAM) 
 3. Jizheng  Yao - Northwestern Polytechnical University, Xi’an, Shaanxi 
 4. Oded Sobol - Federal  Institute for Materials  Research and Testing (BAM) 
 5. Leonardo  Agudo - Bundesanstalt  für Materialforschung  und Prüfung  (BAM) 
 6. Hans-Joerg  Kunte - Bundesanstalt  für Materialforschung  und Prüfung (BAM) 
 7. Andrea  Koerdt - Federal Institute for Materials Research  and Testing (BAM) 


As  more  industrial  interests  focusing  on  using  salt  caverns  and  repurposed  gas  or  petroleum 
reservoirs  for  alternative  fuel  storage,  i.e.  CO2/H2,  the  question  raises  whether  microorganisms 
may impact the infrastructure, gas purity and storage condition over time. Environments  with high 
salinity (> 1.5 Meq of NaCl) are resided by halophiles (salt-loving microorganisms).  To compensate 
for  the  intensive  osmotic  stress,  they  have  resorted  to  two  main  adaptation  strategies:  1) 
production  of  compatible  solutes  and  2)  accumulation  of  intracellular  KCl.  Microbial  community 
analysis  of  several  high  salinity  environments  revealed  a  number  of  recurring  genera, 
including Halomonas and Halanaerobium. However,  the  impact  of  halophiles  on  the  overall 
integrity  and  stability  of the storage  facilities  remain  largely  unknown. To  evaluate  the suitability 
and  stability  of  saline  storage  facilities,  several  model  halophilic  microorganisms,  such  as 



(19)members of Halomonas,  will be selected as testing subjects. First, the impact of halophiles on the 
 infrastructure  will  be  determined  using  an  integrative  approach  by  combining  a  number  of 
 techniques,  including  electrochemistry,  TOF-SIMS,  SEM/FIB/EDS  and  FIB-TEM.  Second,  the 
 abilities  of halophiles  to alter the fuel composition  (i.e. increase/decrease  the fractions of H2) will 
 be  monitored  using  gas  chromatography  by  growing  them  under  high  pressure.  As  a  result  of 
 climate  change  and  the  accompanying  mandatory  shift  to  renewable  energy  resources, 
 microorganisms  will continue  to  play an important  role  in the energy  sector,  both to their  benefit 
 and  detriment.  Thus,  it  is  important  to  achieve  a  certain  level  of  understanding  regarding  the 
 activities and mechanisms  of halophiles  prior to large-scaled  excursions. 


#21 Eco-friendly  non-biocide  release coating inspired in a multifunctional  strategy to fight 
 against antifouling  resistance  bio-foulants 


1. Olga Ferreira - University of Lisboa  


2. Patrícia  Rijo - University of Lusófona  de Humanidades  e Tecnologia 
 3. Elisabete  R. Silva - University  of Lisboa 


The  coexistence  of  nature  with  industrial  activities,  vital  for the  growth  and  sustainability  of  our 
 society,  is  threatened  by  the  continued  release  of  pollutants  used  mainly  for  economic  or 
 decontamination reasons. This threat is expressive in aquatic systems such as maritime transport, 
 oil/wind-turbine  platforms, desalination units, among others. These systems suffer from biofouling 
 burden,  which  is  allied  to  costly  maintenance,  retrofitting  measures  and  the  potential  spread  of 
 diseases  through  soil/waterborne  micro-organisms.  To  minimise  it  in  these  systems,  toxic  and 
 persistent  biocides  are  continuously  employed  and  eventually  accumulate  in  the  environment. 


Hence,  stricter  environmental  legislation  has  been  issued,  compromising  their  current  use, 
 challenging the control of biofouling, and recalling for alternative eco-friendly antifouling solutions. 


In  this  study,  functional  reactive  Econea  biocide,  able  of  being  grafted  into  a  foul-release 
 polydimethylsiloxane-based  coating  matrix,  has  been  developed.  The  generated  non-release 
 biocide  coatings  showed  synergistic  antifouling  effects  at simulated  and  real conditions,  leading 
 to a considerable  reduction in the biocide release and providing long-lasting  antifouling efficacies 
 for  more  than  two  years  in real  scenarios1,2.  Moreover,  they  evidenced  antimicrobial  properties 
 against resistant bacteria, such as the Methicillin-resistant Staphylococcus  aureus, allowing a log 
 CFU  reduction  up  to  5  orders  of  magnitude2.  These  promising  findings  can  be  a  key  to  future 
 research  of  new  materials,  towards  prospective  benign  functionalities  against  bio-threads, 
 embracing  a  new  generation  of  non-toxic  strategies. 1  Silva  E.  R.  et  al., Science  of  the  Total 
 Environment, 2019,  650,  2499-2511. 2  Ferreira  O.  et  al.,  ACS  Sustainable  Chemistry  & 


Engineering, 2020, 8, 12-17. 


#36 Enhancing Biological-Mediated  Conversion of CO2 to Hydrocarbons  in the Subsurface 


1. Zach Broussard  Cemvita Factory 
 2. Renata  Goncalves Cemvita  Factory 
 3. Marcio  Da Silva Cemvita Factory 


Currently  there  are  no  established  methods  for  in  situ  utilization  of  CO2 used  in  enhanced  oil 
recovery or carbon capture and storage. It is known the subsurface could work as a bioreactor for 
CO2 utilization, but information  on required microbial composition and metabolic needs are poorly 
understood.  Concentrations  of  CO2  in  reservoirs  undergoing  such  practices  could  serve  as 
electron donor for hydrogenotrophic  methanogens  whereas hydrogen is not a limiting factor. The 
goal  of this  work  was to  demonstrate  biological  strategies  could  be useful  in  conversion  of  CO2



(20)conditions  and/or  adjustment  of  indigenous  microbiology,  it  seems  possible  to  accelerate 
 biodegradation  of recalcitrant  and  entrapped  crude  oil,  leading  to  H2 and  volatile  fatty  acids  for 
 enhanced  methanogenesis.  To  explore  further,  reactors  were  prepared  using  a  consortium  of 
 model  bacteria  encountered  in  petroleum  reservoirs  (e.g.,  Bacillus  and  Clostridia)  and 
 methanogens.  Addition  of molasses  simulating  industrial  strategies  of MEOR demonstrated  that 
 CO2  conversion  can  be  accelerated  if  fermentative  anaerobic  bacteria  are  present.  Because 
 methanogens  cannot directly utilize glucose, their activity is dependent  on bacterial breakdown of 
 glucose  under  fermentative  anoxic  conditions  to  by-products,  namely  acetate  and  H2.  Results 
 show bacteria broke down 1mM glucose to metabolites  (e.g. acetate) that were further utilized by 
 methanogens  to produce 27 mL methane. Results indicate  economically  feasible nutrients  could 
 be  introduced  to the  reservoir  to  promote  conversion  of  existing  or  injected  CO2 from  CCUS  to 
 produce valuable  by-products  in situ from CO2 conversion  and utilization. 



Session  02:  Microbiologically  Influenced  Corrosion  (MIC)  and  Reservoir Souring 



Invited Talk: 


Electron  transfer  from  solid  surfaces  to  microbes  -  mechanisms,  implications,  and 
 applications. 


Joerg Deutzmann,  Stanford University,  USA 


Microbial  electron  uptake  from  solid  substrates  is  a  physiological  process  of  great  economic 
 importance  and  academic  interest,  especially  in  the  fields  of  microbially  influenced  corrosion 
 (MIC) and microbial electrosynthesis.  This talk aims to bridge our knowledge  about mechanisms 
 of  microbial  electron  transfer  and  the  physico-chemical  implications  of  this  process  and  their 
 impact  on  microbiology.  Further,  this  talk  will  emphasize  the  synergies  of  MIC  and 
 electrosynthesis  research  with the goal to facilitate the application of novel insights across fields.  


Different  mechanisms  to  facilitate  electron  uptake  have  been  described  in  diverse 
 microorganisms,  but  in  many  cases,  the  exact  electron  uptake  pathway  remains  elusive.  Our 
 studies alone have revealed the presence  of three distinct electron uptake mechanisms  in strictly 
 anaerobic, hydrogenotrophic  microorganisms.  The methanogen M. maripaludis and the acetogen 
 S. sphaeroides  facilitate  electron  uptake  using  extracellular  electroactive  enzymes  that produce 
 hydrogen or formate as substrates for their metabolism. The sulfate reducing strains D. corrodens 
 IS4 and D. ferrophilus IS5, on the other hand, attach to the cathodic surface and take up electrons 
 directly, but via different metabolic pathways. IS4 catalyzes reversible hydrogen production on an 
 electrode in absence of sulfate as electron acceptor, while strain IS5 only takes up electrons when 
 actively  metabolizing  sulfate.  While  increasing  electron  uptake  from  solid  electron  donors, 
 microbes influence  their environment  by increasing local pH, decreasing the redox potential, and 
 generally promoting gradient development.  In turn, microbes with fast electron transfer rates also 
 have to adapt to these characteristic environmental  changes. Identifying and characterizing  these 
 adaptations or physiological limitations of the adapted microbes could benefit both research fields: 


1) to increase the performance  of microbial electrosynthesis, or 2) to develop mitigation strategies 
for microbially  influenced  corrosion.  



(21)
Offered Talks: 


#31  Clean  Biocide  Project:  Halophilic  plant  extracts  for  prevention  of  microbiologically 
 influenced  corrosion (MIC) 


1. Jakob Stein - Aalborg University 


2. Tanmay Chaturvedi - Aalborg University 
 3. Mette Thomsen - Aalborg University 


4. Torben Lund Skovhus - VIA University College 


Offshore  oil  production  is  subjectable  to  internal  corrosion,  which  can  occur  through 
 microbiologically  influenced  corrosion  (MIC).  In  pipelines,  sulfur-reducing  bacteria  (SRB)  such 
 as Desulfovibrio,  Desulfobacterium,  Dethiosulfovibrio can  thrive  in  the  sulfate-rich  produced 
 waters, forming a MIC promoting biofilm. To mitigate MIC, the oil and gas industry relies primarily 
 on  biocides  and  mechanical  cleaning.  Halophytes  (salt-tolerant  plants),  produce  a  variety  of 
 bioactive compounds that ensures their survival in an environment low in nutrition and high in free 
 radicals  and  some  of  these  compounds  have  antimicrobial  activity. MIC  was  studied  on  carbon 
 steel coupons inoculated with anaerobic sediment from the Wadden Sea (Denmark) to mimic MIC 
 from  oil  production  facilities  in  the  North  Sea.  The  coupons  were  treated  with  extracts  from 
 selected  halophytes.  Using  H2S  as  activity  indicator  for  SRBs  and  ATP  for  general  microbial 
 activity in the liquid phase,  initial trials have shown a significant  reduction  in H2S and unchanged 
 ATP  concentrations  in  experiments  treated  with  extracts  compared  to  untreated  controls, 
 indicating  a  reduction  of  SRB  species.  Biofilm  formation  on  carbon  steel  coupons  from  a 
 bioreactor  was reduced  by two-thirds  with the addition  of extracts. Furthermore,  next generation 
 16S rRNA  amplicon sequencing  of DNA from Bacteria  and Archaea,  proved a significant  shift in 
 the microbial composition when compared to samples not treated with extracts. Lastly, visual and 
 measurable  reduction  in corrosion  was observed  with 3D surface scanning.  Long-term  solutions 
 to prevent  MIC using  natural antimicrobial  compounds  from halophyte  plants  are discussed  and 
 proposed  in this study. 


#74  Survey  of  an  oil  reservoir  indicates  that  engineers  must  act  to  mitigate  bacterial 
 souring  


1. Grigoryan  A- Saudi Arabian Oil Company 
 2. AlOtaibi M- Saudi Arabian Oil Company 
 3. AlWadei A- Saudi Arabian Oil Company 
 4. Humaid G- Saudi Arabian Oil Company   
 5. AlSaleh M- Saudi Arabian Oil Company 
 6. Zhu X- Saudi Arabian Oil Company 


Waterflooding  for hydrocarbon  recovery  stimulates  sulfate-reducing  bacteria  (SRB)  that  reduce 
sulfates to sulfide via oxidation of organics in the formation water leading to sulfide accumulation 
in oil reservoirs. This process, known as reservoir souring, causes multiple safety- and corrosion-
related  operational  issues.  Saudi  Aramco  launched  a  comprehensive  investigation  to  prevent 
potential souring in a Saudi Arabian oil field. The survey revealed a broad distribution of bacteria, 
including  SRB, in the topside  water injection  facilities.  Next-generation  sequencing  of 16S rDNA 
from  injection  water  confirmed  presence  of  bacterial  families Desulfobacteraceae, 
Desulfomicrobiaceae,  Desulfovibrionaceae andDesulfuromonadaceae  that  may  mediate 
reductive  sulfur  reactions  including  sulfide  production.  Though  these  findings  suggest  that 
injection  water  infrastructure  is well-populated  by sulfidogens  that  potentially  can be  introduced 
into  reservoir,  the  number  of  bacteria  in produced  water  from  the  oil field  was  relatively  low.  In 



(22)ongoing  bacterial contamination  then extend  the protection throughout  the entire topside  system 
 and reservoir. 


#44  Novel  Glutaraldehyde-based  Formulations  for  Remediation  and  Control  of Reservoir 
 Souring  


1. Nora Ebergen - DuPont Microbial Control 
 2. Joseph  Ferrar - DuPont Microbial  Control 
 3. Jana Rajan - DuPont  Microbial Control 
 4. Ken Wunch - DuPont  Microbial Control 
 5. James  Donovan - DuPont Microbial  Control 
 6. Amber  Stephenson - DuPont Microbial Control 
 7. Rishi Trivedi - DuPont Microbial Control 


8. Geert van der Kraan - DuPont Microbial Control 


Water injection  is the most prevalent  method for secondary  petroleum  recovery. However,  water 
 injection has been associated  with biotic reservoir souring  leading to the production  of increased 
 concentrations  of  hydrogen  sulfide  (H2S)  in  produced  fluids.  H2S  results  in  hydrocarbon 
 devaluation,  increased  EH&S risks, and higher operating  and capital  expenses. The remediation 
 of H2S generated by sulfate reducing prokaryotes  (SRP) is one of the top unresolved  challenges 
 in the Oil & Gas industry. In this presentation, we’ll discuss the methodology for modelling soured 
 reservoirs  in the laboratory  under field relevant  conditions  (pressure,  temperature,  and with field 
 microorganisms)  and  the  development  of  novel  glutaraldehyde-based  formulations  that 
 demonstrate  a rapid reduction  & control of H2S in simulated  sour-field environments  under near-
 wellbore conditions. 


#18  Environmental  conditions  affect  the  corrosion  product  composition  of  Methanogen 
 induced microbiologically  influenced  corrosion (Mi-MIC)   


1. Eric Deland - Federal  Institute for Materials  Research and Testing (BAM) 
 2. Annie An - Federal Institute  for Materials Research  and Testing (BAM) 


3. Ji  Zheng  Yao -  Sino-German  Joint  Research  Lab  for  Space  Biomaterials  and  Translational 
 Technology 


4. Oded Sobol - Federal  Institute for Materials  Research and Testing (BAM) 
 5. Torben Lund Skovhus - VIA University College 


6. Andrea  Koerdt - Federal Institute for Materials Research  and Testing (BAM) 


Corrosion is a very expensive and serious problem in the different industry sectors, eg. Petroleum, 
On-  and off-shore,  infrastructure.  It is  estimated  that  20%  of all  corrosion  damage  is caused  by 
microorganisms  or  microbiologically  influenced  corrosion  (MIC).  Several  microorganisms  are 
known  to  cause  corrosion,  including  sulfate-reducing  bacteria,  nitrate-reducing  bacteria, 
methanogens  etc.  For  several  years,  methanogens  were  regarded  as  a  mild  corroder  (~0.065 
mm/yr),  largely  due  to  a  lack  of  detailed  investigation  on  the  corrosion  mechanism  under  real-
environment  simulated conditions. Resulting  in the common belief that siderite, a non-conductive 
compound, is the sole corrosion product (CP) of methanogen-induced  MIC (Mi-MIC). To simulate 
natural environmental conditions,  we developed and introduced  the multiport flow column system 
(MFC),  a  multi-sectional  corrosion  flow-cell.  Using  the  MFC,  we  obtained  ten  times  higher 
corrosion  rates  than  previously  reported.  With  a  combination  of  several  analytical  techniques, 
such  as  ToF-SIMS,  SEM-EDS  and  FIB-SEM,  we  found  strong  indication  that  siderite  is not  the 
sole  corrosion  product  of  Mi-MIC.  The  corrosion  layers  contained  phosphorus,  oxygen, 
magnesium,  calcium  and  iron.  The  differences  in  the  CP  between  static  and  dynamic 



(23)environments  demonstrated  the  impact  of  testing  procedures  on  the  corrosive  potential  of 
 methanogens.  To  further  verify  and  deepen  our  understanding  of  Mi-MIC,  we  are  currently 
 studying  the influence  of additional environmental  parameters  (e.g. pH, salinity,  flow rate) on Mi-
 MIC.  Overall,  results  of  this  study  will  expand  the  current  understanding  of  MIC  from  both 
 analytical  and  mechanistic  points  of  view,  thus  aiding  the  development  of  different  mitigation 
 strategies  for various industry sectors. 


#64 Effects of Extreme Physicochemical  Parameters of injected seawater  - produced water 
 (ISW-PW)  on sulfidogenesis  and Microbially-Influenced  Corrosion (MIC)  


1. Mohammed  Sindi - Newcastle  University 
 2. Xiangyang  Zhu - Saudi Aramco 


3. Angela  Sherry - Newcastle  University 
 4. Neil Gray - Newcastle  University 
 5. Ian Head - Newcastle  University 


Microbiologically-influenced  corrosion (MIC) is a global issue, influencing the premature  failure of 
 metallic  infrastructure  ,  accounting  for  20%  of  all  internal  corrosion.  The  objective  was  to 
 understand  the  influence  of  physicochemical  characteristics  of  mixtures  of  seawater  and 
 formation  water  on  MIC.  Anaerobic  microcosms  containing  mixed  ratios  and,  therefore  mixed 
 salinities  of  injected  seawater  (ISW)  :  production  water  (PW)  incubated  at  (15°C-60°C),  were 
 setup. Temporal changes in sulfide, sulfate, volatile fatty acids (VFAs) and microbial communities 
 were determined. No significant   sulfide production/ sulfate-reduction were detected  (NS, 126 g/L; 


AG,  212  g/L),  (250  days  incubations),  suggesting  the  potential  inhibition  of  SRMs,  while  VFAs 
 were  rapidly  consumed.  Microbial  community  composition  was  driven  by  temperature, 
 with Halanaerobium spp.  selectively  enriched  at low  temperatures  (NS & AG  15- 30°C),  distinct 
 from  high  temperatures  (45  and  60  °C)  microbial  enrichments. Halanaerobium spp.  enrichment 
 relative  abundance  (RA)  of:  (≥  1%  start  for  all  to:  (NS  15°C: 35%),  (NS:  30°C:  50%),  (AG 
 15°C: 20%) , and (AG 30°C: 35%), at end of incubations was observed. Negligible corrosion rates 
 (AG (15°C-60°C): ≤ 0.15 MPY ± 0.008) (NS 30°C: 0.46 MPY± 0; 0.72); (NS 60°C MPY± 0.008),) 
 were  detected.  SEM  detected  advanced  stage  pitting  nucleations  (NS  60°C:  1400  pits  ±  800.8 
 per cm2; 50 µm-150  µm) (NS 30°C:  0.17- 0.22 pits (20 µm). Halanaerobium  spp. is implicated  in 
 metabolising guar gum in hydraulic fracking & drilling fluids, MIC, sulfidogenesis,  and sporulation. 


Understanding Halanaerobium  spp. implications  will prove beneficial for an array of applications, 
 including:   MIC mitigations,  and down-hole biocidal  applications. 


#17 Biofilm Injectivity During  Produced Water Re-Injection  (PWRI)  


1. Gunhild  Bødtker - NORCE 
 2. Edin Alagic - NORCE 
 3. Janiche  Beeder - Equinor 
 4. Bartek  Vik - NORCE 


5. Espen Kowalewski - Equinor 
 6. Dag Standnes - Equinor 


Core floods were performed  to assess the combined  effect of biofilm growth and particle injection 
on injectivity during produced water re-injection (PWRI) under elevated temperature. Experiments 
were performed using outcrop Bentheimer cores and synthetic (SPW) and native produced water 
(NPW). A core injected with realistic NPW flux showed similar pressure build-up as a core flooded 
with SPW added quarts particles. Pressure build-up for a core flooded with SPW without particles 



(24)shearing at the sandface preventing build-up of biofilm filtercake. Cell counts showed that bacteria 
 in NPW to a large extent travelled through the core, suggesting that in situ biofilm growth was the 
 main  cause  for  bioplugging.  This  was  supported  by  pressure  data  from  periods  with  cell  free 
 injection. Mitigation  of plugging  by injection  of synthetic  sulphate reduced water without nutrients 
 reduced  the  pressure  by  1.5-fold  and  was  probably  a  result  of  biofilm  starvation.  Subsequent 
 transient  increases in pressure were assumed  to be an effect of biofilm detachment/entrapment. 


Test  of  a  commercial  solvent  to  mitigate  plugging  showed  limited  effect  on  permeability 
 restoration.  The  main  mechanisms  related  to  biofilm  injectivity  and  brine  quality  have  been 
 identified  and the complexity  of multiple  factors during  PWRI has been  discussed.  Development 
 of cost efficient and realistic injectivity testing of oil field brines is a necessary tool for assessment 
 of injectivity,  optimization  of water quality and treatment for improved injectivity. 


#29 An integrated  methodology  to study reservoir  souring at the lab- and field-scale   


1. Moein Jahanbani  Veshareh - Denmark Technical  University 
 2. Hamid Nick - Denmark  Technical University 


Reservoir  souring  field  scale  studies  for  decades  have  relied  on  lab  scale  batch  or  flow 
 experiments.  Traditionally,  Monod  kinetic  equation  is  calibrated  with  a set  of  experimental  data 
 and then is used to predict  reservoir souring  in the field scale. These  studies are done based on 
 the  assumptions:  a)  Monod  equation  can  characterize  the  kinetic  of  a  metabolism  derived  by 
 multiple microorganisms; b) Growth yield is constant; c) Biofilm does not have a volume and does 
 not  influence  porosity;  d)  Growth  temperature  dependency  is  mono  modal. Here,  these 
 assumptions  are discussed. We illustrate the shortcoming of using Monod equation for modelling 
 reservoir  souring  which  is  a  process  derived  by  a  diverse  microbial  community.  We  propose  a 
 method how to resolve this. We also illustrate that a constant growth yield assumption can cause 
 a  significant  underestimation  of  H2S  concentration.  Next,  we  address  whether  or  not  microbial 
 biofilm should be taken into account in reservoir souring simulations.  Lastly, using the suggested 
 integrated methodology  we compare different reservoir souring mitigation  strategies for a Danish 
 North Sea hydrocarbon  reservoir. 


#65 Unmasking the hidden responses of a souring community  to repeated glutaraldehyde 
 treatments  in sand-packed  flow-through  bioreactors   


1. Xiang Shi - Heriot-Watt  University 


2. Kenneth  S Sorbie - Heriot-Watt  University 
 3. Julia R de Rezende - Heriot-Watt University 


Biocides are applied to control reservoir souring, yet the efficacy of specific  biocides is difficult to 
predict  due  to  a  limited  understanding  of  the  microbial  responses.  Here  we  investigated  the 
development  of  a  souring  microbial  community  in  sand-packed  flow-through  bioreactors 
undergoing  a  57-day  continuous  flow  programme  consisting  of  repeated  glutaraldehyde 
treatment-recovery  cycles.  We  aim  to  understand  how  microbial  abundance  and  community 
structure  has  responded  to  the  biocide  cycles.  Besides  the  routine  molecular  methods  (DNA 
sequencing and qPCR), we employed the propidium monoazide (PMA) technique to remove DNA 
from  damaged  and  dead  cells  before  extraction,  thus  allowing  comparison  between 
the total microbial  community  and  the live-only  fraction. Compared  to  untreated  controls, 
repeated  biocide  treatment-recovery  cycles  caused:  (i)  higher  live-only  microbial  abundance  in 
effluent  samples;  (ii)  a  “shelter  zone”  deep  in  the  bioreactor,  within  which  higher  live-only 
abundance  was  observed;  (iii)  a  community  shift  in  sand  samples  towards  different  SRM 
populations.  All three  findings  could  only be observed  after distinguishing  the  live cells  from the 



(25)total.  Furthermore,  we  characterised  the  qualitative  and  quantitative  error  resulting  from  using 
 effluent  samples  as  a  proxy  for  the  bulk  microbial  community  (planktonic  +  sessile),  which  is 
 important for souring models. Overall, this study highlights several hidden responses of a souring 
 community  to repeated glutaraldehyde  treatments,  some of which could be counter-productive  in 
 the  field.  A  conceptual  model  is  proposed  to  delineate  the  development  of  biocide-induced 
 microbial  spatial patterns,  which is currently  being incorporated  into our modelling  tool to predict 
 the biocide efficacy for souring  control. 


#11 Severely corrosive sulfate-reducing  biofilms contain a diverse multi-heme cytochrome 
 gene cluster  


1. Sven Lahme - Exxon Mobil Upstream Research  Company 
 2. Jaspreet  Mand - Exxon Mobil Upstream Research  Company 
 3. John Longwell - Exxon Mobil Upstream Research  Company 
 4. Ramsey  Smith - Exxon Mobil Upstream Research  Company 
 5. Dennis  Enning - Exxon Mobil Upstream Research  Company 


Despite  improvements  in  the  monitoring  of  microbially  influenced  corrosion  (MIC),  available 
 technology  still  offers  limited  understanding  of  the  actual  threat  and  mechanisms  of  MIC  in  oil 
 fields.  Sulfate-reducing  bacteria  (SRB)  have  been  frequently  linked  to  MIC,  and  a  few  SRB 
 isolates  can  severely  accelerate  corrosion  by  utilizing  cathodic  electrons.  One  of  those  
 isolates, Desulfovibrio  ferrophilus  strain  IS5,  possesses  a special  multi-heme  cytochrome  gene 
 cluster  with  a  proposed  role  in  the  uptake  of  steel-derived  electrons.  Using  shotgun 
 metagenomics,  we  screened  microbial  communities  from  oil  field  samples  and  corrosive 
 laboratory tests (1.1-2.5 mm/yr), and recovered 17 gene clusters  that are homologous to the one 
 in strain IS5. We then designed qPCR assays to target homologs  of the gene DFE_0465  (termed 
 here micC) in strain IS5, a putative extracellular c-type cytochrome. In order to develop and refine 
 water-based  MIC  monitoring  strategies,  we  recently  developed  custom-built  once-flow-through 
 corrosion  autoclaves  that  simulate  pipeline-like  conditions  such  as the  presence  of  acid  gases, 
 pipe wall shear  stresses  and pressure.  Using  this test skid, we applied  the micC assay  on liquid 
 samples  in  experiments  conducted  under  lithotrophic  sulfate-reducing  conditions.  The  tests 
 showed severe microbial corrosion rates of up to 1.6 mm/yr along with 2.6 · 101 - 1.6 · 105 copies 
 of micC per  mL  in  the  autoclave  fluids,  suggesting  that  IS5-like  SRB  may  have  contributed  to 
 severe MIC under the simulated pipeline conditions. This work indicates that water-based pipeline 
 monitoring  using  mechanistic  biomarkers  can  provide  actionable  data  in  the  context  of  oil  field 
 integrity management. 


#6  Review  of  Current  Gaps  in  Microbiologically  Influenced  Corrosion  (MIC)  Failure 
 Investigations in Alberta’s Oil and Gas Sector  


1. Andre Abilio - University of Alberta 
 2. Richard  Eckert - DNV GL Ohio 


3. Torben Lund Skovhus - VIA University College 
 4. John Wolodko - University of Alberta 


Microbiologically  Influenced  Corrosion  (MIC)  is  an  interdisciplinary  threat  to  the  oil  and  gas 
industry. Currently  10-40% of all corrosion  issues in the sector are related to MIC. However, due 
to  the  unpredictability  that  microorganisms  add  to  MIC  management  and  diagnosis,  MIC  is  yet 
not  fully  understood.  The  present  study  was  performed  to  assess  the  current  methods  used  to 
diagnose  MIC  in  oil  and  gas  production  pipelines.  A  comprehensive  review  of  50  failure 
assessments  ran between  January  1, 2017, and  December  31, 2019 in the  Province  of Alberta, 



(26)operating factors were reviewed and the frequency in which they were considered was quantified. 


Biotic  independent  factors  (chemical,  metallurgical,  and  operating)  were  assessed  in more  than 
 90%  of  the  assessments  while only 70% took  microbiological  analyses  into  consideration. 


Molecular  microbiological  methods  (MMM)  were  ran  for  only  6  to  10%  of  the  assessments. 


Additionally,  this study  offers  a traceable  number  that can  be linked  to MIC:  11.7%  of corrosion 
 failures  in  oil  and  gas  production  pipelines  in  Alberta  between  the  3-year  period  reviewed  was 
 caused  by MIC  either  as the main  failure  mechanism  or  as a contributing  factor.  Therefore,  this 
 presentation  aims  to discuss  best  tactics  for MIC  failure  investigations  and  how to  integrate  the 
 interdisciplinary  lines of  evidence  required  to  conclusively  diagnose  MIC.  Also  emphasizing  the 
 need  for  optimized  tools,  such  as  MMM,  to  bridge  the  current  gap  where  only  70%  of 
 microbiological  driven failures were evaluated  by microbiological  tools. 



Session 03: Hydrocarbon  Biodegradation.   



Invited Talk: 


Deep subsurface  microbes involved  in the degradation  of complex  organic materials   
 Yoichi Kamagata,  National Institute  of Advanced  and Industrial  Science (AIST), Japan 


Deep  subsurface  harbors  a  vast  variety  of  microbes  that  contribute  to  the  degradation  of 
 hydrocarbons  and  other  complex  organic  materials.  Recent  studies  are  showing  unforeseen 
 capacities  of  microbes.  Some  methanogens  dwelling  subsurface  are  capable  of  degrading 
 methoxy  moieties  of  a  variety  of  aromatic  compounds  within  coals  that  would  not otherwise  be 
 the  substrates  for  methanogens.  Over  the  last  decade,  extensive  studies  revealed  that  the 
 degradation  of  petroleum  hydrocarbons  involves  a  variety  of  bacteria  and  archaea  includin g 
 Atribacteria  (such as OP9 and JS1) but the organisms  remain uncultivated  and their degradation 
 mechanisms  are  still  controversial.  Together  with  those  microbial  studies,  we  investigated  the 
 potential of biological augmentation  and stimulation for microbial enhanced energy recovery from 
 crude  oil.  We  obtained  a  microbial  community  capable  of  methanogenic  crude  oil  degradation 
 from oil reservoir  A in Japan.  We inoculated  the microbial  culture  into production  water  from the 
 other  oil  reservoir  B  in  which  the  indigenous  microbial  community  are  unable  to degrade  crude 
 oil.  We  found  that  methane  production  associated  with  toluene  degradation,  indicating  that 
 biological  augmentation  (transplantation  of microbes)  could be effective  for energy recovery.    



Offered Talks: 


#63  Syntrophic  Hydrocarbon  Degradation  in  a  Decommissioned  Off‐Shore  Subsea  Oil 
 Storage Structure   


1. Adrien  Vigneron - Newcastle  University 


2. Nicolas  Tsesmetzis - Shell International  Exploration and Production  Inc. 


3. Perrine  Cruaud - Université  Laval 
 4. Ian Head - Newcastle  University 


Over  the  last  decade,  metagenomic  studies  have  revealed  the  impact  of  oil  production  on  the 
microbial  ecology  of  petroleum  reservoirs.  However,  despite  their  fundamental  roles  in 
bioremediation of hydrocarbons, biocorrosion, biofouling and hydrogen sulfide production, oil field 
and  oil  production  infrastructure  microbiomes  are  poorly  explored.  Understanding  of  microbial 
activities  within oil production  facilities  is therefore  crucial  for environmental  risk mitigation,  most 



(27)notably  during  decommissioning.  The  analysis  of  the  planktonic  microbial  community  from  the 
 aqueous phase of a subsea oil‐storage structure was conducted. This concrete structure was part 
 of  the  production  platform  of  the  Brent  oil  field  (North  Sea),  which  is  currently  undergoing 
 decommissioning.  Quantification  and  sequencing  of  microbial  16S  rRNA  genes,  metagenomic 
 analysis  and  reconstruction  of  metagenome  assembled  genomes  (MAGs)  revealed  a  unique 
 microbiome,  strongly  dominated  by  organisms  related  to  Dethiosulfatibacter  and 
 Cloacimonadetes.  Consistent with the hydrocarbon content in the aqueous phase of the structure, 
 a strong  potential  for degradation  of low molecular  weight  aromatic  hydrocarbons  was apparent 
 in  the  microbial  community.  These  degradation  pathways  were  associated  with  taxonomically 
 diverse  microorganisms,  including  the  predominant  Dethiosulfatibacter  and  Cloacimonadetes 
 lineages, expanding the list of potential hydrocarbon degraders. Genes associated with direct and 
 indirect  interspecies  exchanges  (multiheme  type‐C  cytochromes,  hydrogenases  and 
 formate/acetate  metabolism)  were widespread in the community, suggesting  potential syntrophic 
 hydrocarbon  degradation  processes  in  the  system.  Our  results  illustrate  the  importance  of 
 genomic  data  for informing  decommissioning  strategies  in marine  environments  and reveal  that 
 hydrocarbon‐degrading  community composition and metabolisms in man‐made marine structures 
 might differ markedly from natural hydrocarbon‐rich  marine environments. 


#38 Field Application of Anaerobic BTEX Bioremediation  Technologies in Groundwater   


1. Courtney  Toth - University of Toronto 
 2. Andrea  Marrocco - University  of Waterloo 
 3. Adam Schneider - University  of Waterloo 
 4. Bill McLaren - University of Waterloo 


5. Griselda  Diaz de Leon - University  of Waterloo 
 6. Nancy Bawa - University of Toronto 


7. Shen Guo - University  of Toronto 
 8. Jennifer  Webb - SiREM Labs 


9. Rachel  Peters - Federated  Co-operatives  Limited 
 10. Kris Bradshaw - Federated  Co-operatives  Limited 
 11. Neil Thomson - University  of Waterloo 


12. Sandra Dworatzek - SiREM Labs 


13. Elizabeth Edwards - University of Toronto 


Thousands  of  groundwater  sites  are  contaminated  with  Benzene,  Toluene,  Ethylbenzene,  and 
 Xylenes  (BTEX). BTEX presents  significant  risks to human and environmental  health, especially 
 benzene,  a  known  carcinogen.  Many  conventional  remediation  technologies,  including  aerobic 
 bioremediation, excavation, or pump and treat are not always applicable or effective when applied 
 at anoxic sites. To this end, a collaborative team has spent the past 5 years developing and testing 
 biotechnology  tools specifically  designed for anaerobic in situ treatment  of BTEX.  Previously, we 
 showcased  how anaerobic  benzene  biodegradation  was  largely  controlled  by the  abundance  of 
 highly specialized hydrocarbon-degrading  microorganisms,  and that many groundwater sites with 
 persistent  benzene  contamination  harbored  low  concentrations  of  these  organisms.  This  year, 
 our presentation  will highlight  early  field trial results  of two applications  intended  to increase  the 
 abundance  of  active  benzene  and  BTEX-degrading  microorganisms  in  contaminated 
 groundwater.  Case  Study  #1  evaluates  the  use  of  hydrocarbon-adsorbing  materials  (carbon-
 based injectates,  CBIs)  to sequester  petroleum  plumes  and enrich for intrinsic  BTEX degraders. 


Case  Study  #2  explores  bioaugmentation  with  microbial  cultures  into  the  subsurface  to 
immediately  increase  the  abundance  of  active  hydrocarbon  degraders.  We  are  currently 
evaluating  pilot  scale  field  applications  of  three  bioaugmentation  cultures  (targeting  benzene, 



(28)PCR  biomarker  assays  and  16S  rRNA  gene  amplicon  sequencing,  among  many  groundwater 
 monitoring  tools,  are  being  employed  at  both  case  studies  to  obtain  a  holistic  understanding  of 
 the effectiveness  of each biotechnology. 


#5  Niche  partitioning  and  high  replication  rates  of  aerobic  microbes  promote  biogenic 
 methanogenesis  in petroleum  reservoirs  


1. Ibrahim  Farag - University of Delaware 
 2. Glenn Christman - University  of Delaware 


3. Zarath Summers - Exxon Mobil Research  and Engineering 
 4. Jennifer  Biddle - University  of Delaware 


Biogenic  methane  is generated  in petroleum  reservoirs,  yet its levels  vary widely  in  response  to 
 the  surrounding  ecological  conditions.  Typically,  microbes  produce  methane  under  anaerobic 
 conditions  through microbial methanogenesis.  However, biogenic methane  has been detected in 
 reservoirs containing oxygen. The ecological settings and metabolic networks that allow microbial 
 methanogenesis  under aerobic conditions remain not fully understood. In this study, we integrate 
 geochemical,  metagenomic,  and  genomic  analyses  to  identify  the  methane  sources  and  major 
 microbial  culprits  in  biogenic  methane  production  in  five  oil  production  wells  from  an  onshore 
 conventional  oil  reservoir,  where  three  of  these  reservoirs  have  detectable  oxygen  levels.  One 
 potential  source  of  oxygen  introduced  to  these  wells  is  the  oxygen  mixed  with  CO2 and  water 
 injected  into  the  wells  to  enhance  the  oil  recovery  process.  Our  analyses  indicate  that,  under 
 complete anoxic conditions, methanogenic archaea are significantly outcompeted by fermentative 
 bacteria for shared substrates leading to reduced biogenic methane levels. While in the presence 
 of  oxygen,  aerobic  bacteria  (e.g.  Alpha-  and  Gamma-proteobacteria)  replicate  at  high  rates, 
 presumably  consuming  high  levels  of  oxygen  which  creates  anaerobic  niches  favorable  for 
 methanogens.  Unlike  anoxic  reservoirs,  methanogenic  archaea  encounter  less  competitive 
 situations  with  fermentative  bacteria,  which  increase  the  overall  biogenic  methane  production 
 capacities.  Our analysis  set a model for the potential  microbial  activities and metabolic  tradeoffs 
 that are important  for enhanced  biogenic methane  production in crude oil reservoirs. 


#42 Fibre Highways: translocation  of the microbiome  for hydrocarbon  bioremediation   


1. Angela  Sherry - Northumbria  University 
 2. Jane Scott - Northumbria  University 


There  is  a  global  legacy  of  hydrocarbon  contaminated  ecosystems  where  options  for 
 bioremediation  should continue  to be a research  focus for the foreseeable  future. Research  into 
 the movement  of bacterial  communities  along fungal mycelium  (fungal  highways) has previously 
 been  shown  to  facilitate  hydrocarbon  bioremediation.1,2  A  liquid  film  surrounds  the  fungal 
 mycelium  in  which  microorganisms  can  translocate  (move)  towards  a  chemical  (pollutant), 
 consequently  fungal  highways  have  the  ability  to  improve  the  bioavailability  of  pollutants  in 
 environments, such as soils.1 The study expands upon research on fungal highways to investigate 


‘fibre highways’  - the directional movement and dispersal of microbes on a range of natural and 
synthetic  fibres  as  a  tool  for  targeted  bioremediation  of  hydrocarbons.  With  cross-disciplinary 
expertise  in  environmental  molecular  microbiology  and  materials  and  textile  science,  the 
methodologies  include  a  combination  of  growth  experiments,  visualisation  technologies,  next-
generation  sequencing  and  bioinformatics.  A  deeper  understanding  of  the  dynamics  of 
hydrocarbon-degrading  microbiomes  along  fibre  highways  will  facilitate  the  advancement  of 
biotechnological  solutions that can be used to remediate  polluted sites. Ultimately,  outcomes will 
lead to the development  of environmentally  responsive  textile systems  composed  of natural and 



(29)sustainable  materials  that can  be  used  to  increase  the  contact  time  of  microbes  with  pollutants 
 for more efficient bioremediation  or to ‘seed’ polluted sites which are difficult to reach. 1Furuno et 
 al.  2010.  Fungal  mycelia  allow  chemotactic  dispersal  of  PAH-degrading  bacteria  in  water-
 unsaturated  systems. Environ  Microbiol,  12(6),  1391-1398. 2.Kohlmeier et  al.  2005.  Taking  the 
 fungal  highway:  mobilization  of  pollutant-degrading  bacteria  by  fungi. Environ  Sci  Technol,  39, 
 4640-4646. 


#40 Increasing the rate of anaerobic  benzene degradation  in enrichment cultures   


1. Shen Guo - University  of Toronto 
 2. Courtney  Toth - University of Toronto 
 3. Xu Chen - University  of Toronto 
 4. Fei Luo - University of Toronto 


5. Elizabeth  Edwards - University of Toronto 


Benzene  is a  widespread  and  toxic  environmental  pollutant  necessitating  clean  up.  The  fate  of 
 benzene  in anoxic environments  such as soils, sediments and groundwater  was once thought to 
 be  controlled  by  the  abundance  of  oxygen:  benzene  is  aerobically  degraded  at  high  rates  by 
 ubiquitous  microorganisms.  We now know that benzene  can also be biodegraded  under  various 
 anaerobic  electron-accepting  conditions  (Fe3+,  NO3-,  and  SO42-)  and  fermentatively  (i.e., 
 methanogenic  conditions).  Benzene  degradation  rates  below  1  mg/L  have  been  typical  of  the 
 enrichment  cultures maintained  in our lab for decades,  while toluene degradation  rates in similar 
 anaerobic  enrichments  were  much  faster.  We  suspected  a  missing  essential  nutrient  or 
 accumulating  inhibitor.  Here,  we  present  data  showing  that  relatively  high  rates  of  benzene 
 degradation  can  be  indeed  achieved  in  these  enrichment  cultures  that  derived  from  sediments 
 from  contaminated  sites.  For  over  two  years,  we  repeatedly  fed  a  methanogenic  consortium 
 (DGG-B) progressively increasing concentrations  of benzene (from 5 mg/L to over 150 mg/L) and 
 found that biodegradation  rates in experimental replicates increased proportionally, from less than 
 0.2 mg/L/day  to over 10 mg/L/day.  We  also applied  this strategy to a nitrate-reducing,  benzene-
 degrading  consortium,  and  although  partially  successful,  degradation  rates  never  exceeded  5 
 mg/L/day,  perhaps  as a result  of the difficulties  in supplying  nitrate  consistently.  In contrast,  the 
 methanogenic  consortium was never limited by electron acceptor availability. These data indicate 
 that slow rates of degradation are not related to limiting essential nutrients or inhibitors, but rather 
 to benzene  and acceptor  availability. 


#48 Genome Sequencing and Hydrocarbon Degradation Profiling Reveal Metabolic Role of 
 Fungi in Fuel Degradation  and Bioremediation 


1. Osman  Radwan - University  of Dayton Research  Institute 
 2. Oscar Ruiz - Air Force Research Laboratory 


Contamination  of fuel by filamentous  fungi and yeast causes substantial  problems  to the military 
and civilian  sectors  by reducing  the quality  and stability  of fuel, disrupting  fuel  filtration systems, 
and  degrading  polymeric  coating  and metal  alloys.  Therefore,  understanding  the fungal  biology 
and  mechanisms  underlying  their  ability  to  proliferate  and  degrade  fuel  will  help  in  designing 
effective  prevention  and mitigation  approaches.  In this study,  next-generation  sequencing  using 
Illumina  platform  and  a  novel  bioinformatic  pipeline  were  employed  for  full-genome 
sequencing, de  novo assembly,  gene  prediction,  and  annotation  of  several  genomes  of 
filamentous  fungi and  yeast. These  genomes  included Aspergillus  versicolor, Superstratomyces 
atroviridis, Scedosporium  apiospermum, Eutypella sp., Lecancillium  sp., Fusarium 



(30)from  20  Mb  (Y. lipolytica)  to  68  Mb  (A. versicolor),  harboring  6,000  to  18,578  genes  encoding 
 important  proteins  involved  in  biofilm  formation,  hydrocarbon  degradation,  and  efflux  of  toxic 
 substances.  The metabolic  pathways  identified  in  filamentous  fungi  and  yeast genomes  include 
 degradation of n-alkanes, branched alkanes and aromatic hydrocarbons. The genomic results are 
 strongly  supported  by  growth  curves using  quantitative  real-time  PCR (qPCR)  and  hydrocarbon 
 degradation  profiles  using gas  chromatography-mass  spectrometry  (GC-MS)  that confirmed  the 
 ability  of  fuel-degrading  fungi  to proliferate  and  degrade  hydrocarbons.  Genomic  data  and  GC-
 MS results  reveal  a multiplicity  of fungal  mechanisms  to adapt  and degrade  hydrocarbons.  This 
 knowledge will help in developing new approaches to mitigate fuel biocontamination in fuel system 
 and novel ways  to apply  fuel-degrading  fungi for bioremediation  of hydrocarbon  contaminants  in 
 the environment. 


#59  Hydrocarbon-degrading  microbial  communities  in  Arctic  sea  ice,  seawater,  and 
 sediment  along shipping routes in Canada’s Kivalliq region  


1. Meng Ji - University of Calgary 
 2. Casey Hubert - University of Calgary 


The extreme environment of the Canadian Arctic has been scarcely studied for its biodegradation 
 potential  of oil spills. Reduced  ice cover  due to the effects  of climate change  has led to a rise in 
 human  activities,  which  inevitably  increases  the  risk  of  oil  and  fuel  spills  from  vessels,  posing 
 great risks to the marine ecosystem and Canadian northerners that rely on it. Hydrocarbonoclastic 
 bacteria  catalyze  bioremediation  of  oil  compounds  in  marine  biomes.  Previous  studies  have 
 indicated  that  beta  microbial  communities  vary  within  different  marine  biomes,  and  few  studies 
 have explored the vertical distributions in the diversity and composition of Arctic marine ice, water, 
 and  sediment  in  a  given  location.  This  research  investigates  bacterial  community  composition 
 within vertically oriented biomes in the Kivalliq region in Nunavut, from sea ice, through the water 
 column,  to  the  seafloor. In  situ baseline  diversity  analyses  of  surface  seawater  and  sediment 
 using  16S  rRNA  amplicon  sequencing  revealed  various  ZOTUs  in  water  to  be  more  abundant 
 than  sediment  communities  (27.86%  vs  5.15%).  Baseline  samples  are  complemented  by  mock 
 oil  spill  microcosm  incubations  to  assess  biodegradation  capabilities  in  surface  water  and 
 sediment  using  16S  rRNA amplicon  sequencing  and  epifluorescence  microscopic  cell counting. 


Appearance  of  known  hydrocarbonoclastic  bacteria  such  as Thalassolituus,  Cycloclasticus, 
 and Oleispira after 42 days correlated  with an increase in total cell counts.  This research  has the 
 potential  to incorporate  biological  diversity  into monitoring  environmental  change  and improving 
 the efficacy of oil spill bioremediation strategies in Arctic conditions through cutting-edge genomic 
 technology. 


#26  Characterization  of  a  predicted  necromass-recycling  bacterium  in  a  methanogenic 
 benzene-degrading  enrichment  culture  


1. Xu Chen - University  of Toronto 
 2. Courtney  Toth - University of Toronto 
 3. Shen Guo - University  of Toronto 
 4. Fei Luo - University of Toronto 


5. Olivia Molenda - University  of Toronto 
 6. Elizabeth  Edwards - University of Toronto 


Methanogenic  benzene  biodegradation  is a globally  relevant  but poorly  understood  process.  To 
study  this  metabolism,  our  laboratory  has  maintained  several  anaerobic  benzene-degrading 
enrichment  cultures  for  over  20  years.  In  one  methanogenic  consortium,  referred  to  herein  as 
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