
Welcome to PolarConnect 
PolarTREC Expedition with Cristina Solis: 

Microorganisms and Greenhouse Gas Emissions in the Thawing Arctic Permafrost 

 

Friday 27 July 2012 
8:05am Alaska Daylight time 

Presentation for the Cabrillo Marine Aquarium 

Presented	
  by	
  Elliot	
  Friedman,	
  Cornell	
  University	
  
Kim	
  Miller,	
  San	
  Diego	
  State	
  University	
  

Cris;na	
  Solis,	
  Los	
  Angeles	
  Academy	
  Middle	
  School	
  

	
  





Participant Introductions 

Please type in the chat box: 
ü Name 
ü Affiliation (School, Institution, Etc.) 
ü The number of students and adults 

participating with you in the same 
location 



What is PolarTREC? 

PolarTREC is a professional development experience in 
which K-12 teachers are paired with researchers for 
2-6 week research experiences in the polar regions. 

 
From 2010-2013, nearly 50 teachers from around the 

United States will join scientists in the Arctic and 
Antarctica to learn about science, the polar 
regions, and to share what they have learned with 
their students and communities.  



Questions 
During the Presentation: 
•  Type your question in the text chat box 
 

At the End of the Presentation: 
•  Raise your hand with the “hand button”. 
•  PolarTREC staff will call on you. 
•  Speak loud and clear and directly into the phone to 

ask your question.  

Click on the Talk button to speak.  
Unclick when you are done. 

 



Research	
  Team	
  

Elliot	
  Friedman	
  –	
  Cornell	
  University	
  
	
  
	
  	
  

Kim	
  Miller	
  –	
  San	
  Diego	
  State	
  University	
  

Cris;na	
  Solis,	
  Los	
  Angeles	
  Academy	
  MS	
  &	
  PolarTREC	
  

Dr.	
  David	
  Lipson	
  –	
  San	
  Diego	
  State	
  University	
  

Dr.	
  Ted	
  Raab	
  –	
  Stanford	
  University	
  

Dr.	
  Lars	
  Angenent	
  –	
  Cornell	
  University	
  



Where	
  is	
  Barrow,	
  Alaska?	
  

Source:	
  Athropolis	
  

Source:	
  Geophysical	
  Ins;tute	
  



Life	
  in	
  the	
  Arc;c	
  Circle	
  

Researchers live in “huts.” 

Working in the Arctic 

Houses for 
residents 



Weather	
  

Source:  HD Wallpapers 

Source: TM Atlantic 

Photographer: Ken Graham & Dicon Joseph 



Landscape/Flora/Fauna	
  

Photographer: John Tidwell 

Photographer: Lisa Seff 

Source: Alaska 
Community Data base 
Photo Index 



Interes;ng	
  Things	
  About	
  Barrow	
  

Source: Evolution is True 

 Inupiat Eskimos 

Sea Ice 

Bowhead Whales 



Arctic	
  wetlands	
  
•  Drained	
  thaw	
  lake	
  basins	
  formed	
  as	
  a	
  results	
  of	
  climate	
  and	
  freeze-­‐

thawing	
  

	
  
•  Anaerobic,	
  lots	
  of	
  carbon	
  –	
  microbial	
  processes	
  are	
  crucial	
  to	
  the	
  carbon	
  

balance!	
  
•  Different	
  types	
  of	
  bacteria	
  compete	
  for	
  food	
  (carbon),	
  vitamins,	
  minerals	
  
•  Different	
  bacteria	
  produce	
  different	
  gases	
  as	
  a	
  by-­‐product	
  of	
  their	
  

metabolisms	
  

Young	
   Ancient	
  Medium	
  



Why	
  is	
  this	
  important?	
  

•  Positive	
  feedback	
  loop	
  

Longer,	
  hotter	
  summers	
  in	
  the	
  Arctic	
  due	
  to	
  climate	
  
change,	
  particularly	
  greenhouse	
  gas	
  emissions	
  

Increased	
  degradation	
  of	
  organic	
  matter	
  by	
  
microorganisms	
  >>	
  increased	
  greenhouse	
  gas	
  

emissions	
  



How	
  can	
  we	
  Jigure	
  out	
  what’s	
  happening?	
  
•  Microbial	
  electrochemical	
  systems	
  

–  Quantitatively	
  link	
  microbial	
  metabolism	
  to	
  electronic	
  circuitry	
  

microbes	
   electrochemistry	
   microbial	
  
electrochemical	
  

systems	
  



Microbial	
  electrochemical	
  systems:	
  what	
  do	
  they	
  do?	
  

bioenergy	
  

biosensing	
  

biocomputing	
  



Field	
  Application	
  



Field	
  Season	
  2012	
  
• What	
  is	
  the	
  relationship	
  between	
  competing	
  microbial	
  processes,	
  
and	
  how	
  do	
  these	
  processes	
  compete	
  and/or	
  coexist?	
  

• What	
  are	
  the	
  major	
  factors	
  responsible	
  for	
  controlling	
  microbial	
  
dominance?	
  

• How	
  accurately	
  can	
  current	
  climate	
  models	
  predict	
  methane	
  
emissions	
  from	
  this	
  site?	
  



Complex	
  Organic	
  Ma1er	
  
e.g.,	
  polysaccharides,	
  proteins	
  

Soluble	
  Organic	
  Ma1er	
  
e.g.,	
  monosaccharides,	
  amino	
  acids	
  

Organic	
  Acids	
  
and	
  Alcohols	
  

Acetate	
   CO2	
  +	
  H2	
  

CH4	
  

Fermenters	
  

Acetoclas;c	
  
Methanogens	
  

Autotrophic	
  
Methanogens	
  

Inorganic	
  AlternaCve	
  
Electron	
  Acceptors	
  

Methanotrophs	
  Aerobic	
  
Heterotrophs	
  

Homoacetogens	
  

CO2	
   CH4	
  

E	
  
N	
  
E	
  
R	
  
G	
  
Y	
  

Denitrifiers	
  
NO3	
  à	
  N2	
  

Fe	
  Reducers	
  
Fe(III)	
  à	
  Fe(II)	
  

Mn	
  Reducers	
  
Mn(IV)	
  à	
  Mn(II)	
  

Humics	
  Reducers	
  
HumicsOX	
  à	
  HumicsRED	
  

Sulfate	
  Reducers	
  
SO4

2-­‐	
  à	
  H2S	
  

Modified	
  from	
  Jason	
  Keller,	
  pers.	
  comm.	
  

AOM	
  

CH4	
  

CO2	
  



Complex	
  Organic	
  Ma1er	
  
e.g.,	
  polysaccharides,	
  proteins	
  

Soluble	
  Organic	
  Ma1er	
  
e.g.,	
  monosaccharides,	
  amino	
  acids	
  

Organic	
  Acids	
  
and	
  Alcohols	
  

Acetate	
   CO2	
  +	
  H2	
  

CH4	
  

Fermenters	
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Methanogens	
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Electron	
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Mn(IV)	
  à	
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Sulfate	
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SO4
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  H2S	
  

Modified	
  from	
  Jason	
  Keller,	
  pers.	
  comm.	
  

AOM	
  

CH4	
  

CO2	
  

Autotrophic	
  
Methanogens	
  



Use	
  a	
  vacuum	
  tube	
  to	
  
draw	
  out	
  the	
  soil	
  water	
  	
  

Gas	
  Chromatography	
  

Amounts	
  of	
  CO2	
  and	
  CH4	
  
trapped	
  in	
  the	
  soil	
  water!	
  



We	
  also	
  use	
  a	
  Laser-­‐based	
  machine	
  
determines	
  the	
  amount	
  of	
  CO2	
  and	
  
CH4	
  being	
  ‘burped’	
  out	
  of	
  the	
  soils	
  

LASER!	
  

“Cap	
  Off”	
  
(open	
  to	
  

atmospheric	
  
air)	
  

“Cap	
  On”	
  
(only	
  gets	
  air	
  coming	
  out	
  of	
  the	
  dirt	
  

under	
  the	
  cap)	
  



Assis;ng	
  in	
  the	
  Research	
  



Acknowledgements	
   Thank you! 



Teachers: Join PolarTREC! 

www.polartrec.com/about/join 
 
Every teacher can participate in different ways: 
•  Following Expeditions 
•  Participate in PolarConnect Events 
•  Join the Polar Education Email List 
•  Take Online Professional Development Courses 
•  Become a PolarTREC Teacher! 
 
 
 



Thank You! 

An archive of the event will be available shortly. 
http://www.polartrec.com/polar-connect/archive  


