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Introduction and Approach 

Ferric oxyhydroxide microbial mats in acidic high-temperature 
springs of Norris Geyser Basin, Yellowstone National Park 
(Wyoming, USA) are inhabited by an environmentally constrained 
consortia of archaea.  These extreme environments are ideal sites to 
study microbial interactions in natural communities where gradients 
in temperature and oxygen occur over spatially resolvable distances.  
The goal of this study was to generate a stoichiometric metabolic 
model as an incremental step in describing the microbial ecology 
within these chemotrophic systems.  We obtained a metagenome of a 
ferric oxyhydroxide mat community in One Hundred Springs Plain 
via Sanger sequencing (DOE-Joint Genome Institute).  De novo 
assemblies were obtained using the Celera (J. Craig Venter Institute) 
assembler and evaluated using nucleotide word frequency-principal 
components analysis. These communities are comprised of several 
dominant populations including chemolithoautotrophic 
Metallosphaera yellowstonensis, as well as heterotrophic 
Thermoproteales, Desulfurococcales, and a novel, deeply rooted 
archaeon (NAG1).  De novo assemblies corresponding to these 
populations were annotated and in silico stoichiometric metabolic 
models were created for each organism focusing on mass and energy 
fluxes within and between community members.   

 
Results and Conclusion 

Multiscale metabolic systems analysis was used to predict 
possible modes of microbial interaction where autotrophic 
metabolism of M. yellowstonensis supports Thermoproteales, 
Desulfurococcales, and NAG1 growth via metabolic exchange of co-
factors as well as different types of reduced carbon.   These 
metabolite exchanges suggest autotroph-heterotroph relationships 
constrained by fluxes of major electron donors/acceptors and sources 
of carbon.  This work provides a rational, in silico framework for 
understanding the microbial ecology within a thermophilic ferric 
oxyhydroxide mat community. 
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Abstract  
      Thermal treatment is one of the fast and effective methods to 
remediate highly contaminated soils with organic contaminants such 
as gasoline, diesel fuel, and organic solvents, etc. However, the 
energy efficiency of thermal treatment is relatively low, compared 
to other soil remediation techniques. In this study, microwave 
irradiation was applied for contaminated soils to efficiently desorb 
and degrade organic contaminants. The effects of additives such as 
iron powder and sodium hydroxide (NaOH), activated carbon on  
desorption and degradation of organic contaminants in soils were 
investigated. 
     The modified microwave oven (2,450 MHz, 800W) was used as a 
reactor. Tetrachloroethylene (PCE) and hexachlorobenzene (HCB) 
were selected as representative organic contaminants. Sandy soil, 
clay soil, and zeolite were used as adsorbents. Each soil sample was 
intentionally contaminated with organic contaminant which was 
dissolved in methanol, respectively, and dried in the fume hood. The 
contaminated soils were located in the microwave reactor and 
irradiated with microwave for 9 minutes in nitrogen condition. 
About 10% of additives and 20% of water were also mixed with the 
contaminated soils and treated with the same method for 
contaminated soils. During microwave irradiation, effluent gas was 
collected with methanol. After microwave irradiation, residual 
organic contaminants were extracted from soils with by methanol. 
Desorbed and residual organic contaminants were analyzed with both 
gas chromatography (GC, Shimadzu GC 2014) with electron capture 
detector (ECD) for mass balance and GC with mass spectrometry 
(Agilent 5795C VL MSD) for degradation products. The chloride 
ions were extracted from soils after microwave irradiation and 
analyzed with ion chromatography (Dionex ICS-2000) to investigate 
the degradation of chlorinated organic contaminants. 
     The results of chloride ion analysis showed that chlorinated 
organic contaminants in soils were degraded by microwave 
irradiation with iron powder and NaOH. Desorption of organic 
contaminants from soils was enhanced by the addition of water. 
Microwave irradiation for 9 minutes with additives (e.g., 10% Fe / 
5% NaOH, 10% activated carbon) removed most of the contaminant 
from PCE contaminated sandy soils. However, it was not sufficient 
for HCB contaminated sandy soils. Later on, the properties of 
pyrolyzed organic contaminants will be investigated using zeolite 
and the differences of soil remediation properties between sandy 
and clay soils will also be examined. These results will contribute to 
develop more energy efficient soil remediation techniques, which is 
applicable to highly contaminated soils with organic contaminants. 


