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Concentration Data for Methane and Chlorinated Solvents 

Data collected for the concentrations of dissolved CH4, trichloroethene (TCE), cis-

dichloroethene (cDCE), vinyl chloride (VC) and ethene are presented in Figures S.1 through S.6.  

Due to the large number of data collected by the site operators over the period of interest 

(December 1998 through December 2007), the data are given in graphic form rather than in a 

table.  Data for replicate samples taken on a given date have been averaged.  In addition, each 

point on the Figures S.1 through S.5 represents an average of all analyses from within ±4 weeks 

of the given date (the nominal sampling interval for the site has been every 2-4 weeks) to help 

smooth out short-term variability and present the general concentration trends.  Figure S.1 

includes dissolved CH4 concentrations for the four wells closest to TSF-05 (the contaminant 

injection well), TAN-25, TAN-37A, TAN-28 and TAN-29, for comparison.  CH4 concentrations 

for the other wells involved with this study are significantly lower (<40 µmol/L) and have not 

been plotted.  Figures S.2 through S.5 contain the combined chloroethene data for each of the 

four closest well. The TCE concentrations for the wells further from TSF-05 (TAN-33, TAN-36, 

TAN-40 and TAN-44) are plotted on Figure S.6.  The concentrations of the other chlorinated 

compounds were lower than 0.6 µmol/L and have not been plotted. 

 

Chemical and Isotopic Data for May 2007 Samples 

Table S.1 contains available chemical isotopic data for the groundwater samples collected during 

May 2007 for this project and groundwater collected during retrieval of the ISBRs in TAN-45 

during July of 2007.  Also included in this table are the relative distances of the sampled wells 

from the injection well (TSF-05) and depths of the screened or open intervals in each of the 

wells. 



PhyloChip Analyses 

The PhyloChip is a high-density oligonucleotide microarray containing 297,851 probes targeting 

16S rRNA genes capable of detecting up to 8,741 bacterial and archaeal taxa following 

hybridization of fragmented 16S rRNA gene amplicons.  Biomass was collected by passing up to 

20 L of groundwater through a 142 mm diameter, 0.2 µm Supor filters (Pall, NY) during 

groundwater sampling.  For several of the TAN wells, the filters became clogged before 20 L 

could be passed through them (in the case of TAN-25, the filter clogged after only 250 mL of 

water was passed through it).  Following sampling, the filters were frozen and transported on dry 

ice to LBNL for DNA extraction and PhyloChip analysis. 

DNA Extraction and Amplification. For DNA extraction, filters were ground while frozen over 

dry-ice in sterile whirlpak bags. The same area of filter was extracted for each sample after 

homogenization to a powder on dry ice (approximately half of the filter, 0.32g). This step 

normalized for unequal biomass on different areas of the filters.  The samples were then weighed 

into Lysing matrix E tubes (MP Biomedicals, OH).  Nucleic acid extraction and DNA 

purification from the filters were carried out using a modified CTAB protocol coupled with an 

AllPrep purification (Qiagen, CA) as described previously (27).  DNA was quantified by 

absorbance at 260nm using a NanoDrop ND-1000. 

For each microarray, the same amount of 16S rRNA gene amplicons was hybridized 

regardless of the yield of the PCR reactions. The 16S amplicons were spiked with a mixture 

containing a known quantity of non-16S molecules (spike-in controls) that were treated 

identically from this point onwards. Subsequent technical variation due to minor differences in 

target fragmentation, fragment labeling with biotin, array hybridization, washing, staining and 

scanning were accounted for by normalizing fluorescence across arrays using the internal non-



16S spikes. Therefore the PhyloChip data can be considered an accurate measurement of the 

differences in relative abundances between samples. 16S rRNA gene amplification was 

performed using primers 27F (5’-AGAGTTTGATCCTGGCTCAG-3’) and 1492R (5’-

GGTTACCTTGTTACGACTT-3’) for bacteria and 1492R combined with 4Fa (5’- 

TCCGGTTGATCCTGCCRG-3’) for archaea. Each PCR reaction contained 1x Ex Taq buffer 

(Takara Bio Inc., Japan), 1.25 U Ex Taq polymerase, 200 µM each dNTP, 2.5 µg BSA, 300 nm 

each primer and ~17 ng DNA template in a final volume of 50 µl. PCR conditions were 95°C (3 

min), followed by 25 cycles 95°C (30 s), 48-58°C (25 s), 72°C (2 min), followed by a final 

extension 72°C (10 min). Each DNA extract was amplified in 8 replicate 50 µl reactions 

spanning a range of annealing temperatures between 48-58°C for both archaea and bacteria. 

Amplicons from the eight reactions were pooled separately for bacteria and archaea, precipitated 

with isopropanol, washed with ethanol and resuspended to 50 µl.  

High-density Oligonucleotide Array Analyses. PhyloChip data, like most microbial 

community analysis data, are reported in relative units. Our procedures attempt to reduce 

variance associated with the process.  From each pool of 16S rRNA gene amplicons, 500 ng of 

bacterial 16S rRNA gene amplicons and 50 ng of archaeal 16S rRNA gene amplicons were 

prepared for hybridization to the PhyloChip as previously described (28).  Target fragmentation, 

biotin labeling, PhyloChip hybridization, scanning and staining, background subtraction, noise 

calculation, and detection quantification criteria were as reported in Brodie et al. (27) with some 

minor exceptions. For a probe pair to be considered positive, the difference in intensity between 

the perfect match (PM) and mismatch (MM) probes must be at least 130 times the squared noise 

value (N). A taxon was considered present when 90% or more of the probe pairs for its 

corresponding probe set were positive (positive fraction, ≥0.90). 



Incubation Experiments 

To test the capacity of the TAN groundwater system to aerobically degrade TCE, a set of 

incubation experiments was conducted with varying concentrations of 13C-labeled TCE added 

(25, 50, 100, 200, 400, 1000 and 2000 µg/L) were conducted with groundwater and basalt 

collected from the in situ bioreactors after they were retrieved from TAN-35.  13C TCE was used 

to be able to distinguish small contributions of inorganic carbon resulting from aerobic 

degradation of TCE during the incubations from the high background of DIC in the groundwater 

(4 mM).  For the experiments, ~2 cm3 of basalt, 3 ml of groundwater and 3 ml of air were added 

to 8 ml crimp-top vials sealed with a blue butyl septa.  Four vials at each concentration of 13C 

TCE were prepared (the 2000 µg/L treatment was done in duplicate).  Each day for 4 days 

following the beginning of the experiment, 1 vial for each treatment was killed by addition of 

Na-azide.  Following addition of Na-azide, the samples were refrigerated until they could be 

shipped to the LBNL for isotopic analyses.  The carbon isotopic data for DIC and dissolved CH4 

(only for the microcosms with 2000 µg/L added 13C TCE) for these experiments is given in 

Table S.2. 

The expected δ13C values for DIC following co-metabolism of a given amount of 13C TCE 

were calculated by converting the δ13C values of the starting DIC and TCE to molar 

concentrations of 13C using the following formula to convert the measured δ13C value to the ratio 

of 13C to 12C in the sample: 

(13C/12C)sample = (d13Csample/1000 + 1) x (13C/12C)VPDB  (1) 

where (13C/12C)VPDB is 0.011.  This ratio is then converted to the molar concentration of 13C 

([13C]) using formula (2): 

 [13C]sample = (13C/12C)sample/{1 + (13C/12C)sample}  (2) 



For the average background δ13C value of -8.5‰ for DIC in the microcosms, [13C]BG is equal to 

0.01079 and [13C]TCE 0.058 to 3.859 (versus 0.011 for the background DIC).  To calculate the 

predicted [13C]DIC in the microcosms for a given amount of co-metabolism of TCE, the following 

mass balance calculation was used: 

[13C]DIC = (CM x [13C]TCE + BD x [13C]BG) / (CM + BD) (3) 

where CM is the amount of DIC produced from TCE co-metabolism in moles/L and BD is the 

background concentration of DIC in the microcosms (4 mmol/L).  The calculated values were 

then converted back to δ13C values using formulas (1) and (2) and plotted on Figure 5 in the 

manuscript. 

 



Table S.1.  Chemical and isotopic data for May 2007 groundwater samples.  For comparison, available data for TAN-35 groundwater 
collected in July 2007 during removal of the in situ bioreactors is also given. 
 

Well # 
Distance from 

TSF-05 (m) 
Bottom of sampling 

interval (m bgs) 
Top of sampling 
interval (m bgs) 

Nitrate 
(µmol/L) 

Ferrous Iron 
(µmol/L) 

Sulfate 
(µmol/L) 

Dissolved Inorganic 
Carbon (mmol) δ13CDIC (‰) 

TAN-25 15 66 91 2.2 100 378 52.3 8.1 
TAN-37A 44 62 127 0.6 82 0.6 22.4 -4.6 
TAN-28 78 67 79 1.6 ND 246.8 7.6 -13.1 
TAN-29 154 68 80 47.3 ND 263.6 5.9 -13.3 
TAN-35 219 59 128 - - - 4.0 -8.2 
TAN-42 303 60 134 23.1 - 223.0 3.2 -11.4 
TAN-44 378 59 135 22.7 - 232.3 2.7 -9.4 
TAN-33 407 70 134 19.8 - 227.5 4.0 -9.6 
TAN-36 407 60 135 22.8 - 231.3 3.1 -10.0 

 

Well # 
TCE 

(nmol/L) 
δ13CTCE 

(‰) 
cDCE 

(nmol /L) 
δ13CcDCE 

(‰) 
VC 

(nmol /L) δ13CVC (‰) 
Ethene 

(nmol /L) δ13Ceth (‰) 
CH4  

(µmol/L) 
δ13CCH4 

(‰) 

TAN-25 38 -27.0 ND ND ND -19.4 ND -19.8 538 -56.0 
TAN-37A 15 -27.9 <100 -19.4 65 ND ND -13.8 1066 -51.9 
TAN-28 7669 -28.5 914 -28.3 42 -22.0 ND ND 38 -28.0 
TAN-29 2934 -27.3 407 -27.1 ND ND ND ND 24 -35.9 
TAN-35 4069 - - - - - - - - -21.9 
TAN-42 2189 -29.1 75 ND ND ND - ND - ND 
TAN-44 999 -28.5 <100 -27.7 ND ND - ND - ND 
TAN-33 1071 -29.4 <100 -28.6 ND ND - ND - ND 
TAN-36 917 -28.4 <100 -28.5 ND ND - ND - ND 

 
ND – Not detected. 
 



Table S.2.  Carbon isotope compositions for dissolved inorganic carbon and CH4 from 
microcosm experiments.  Day corresponds to the day that each individual microcosm was 
sacrificed by addition of Na-azide. 

13C TCE added 
(µg/L) 

δ13CDIC 
(Day1) 

δ13CDIC 
(Day2) 

δ13CDIC 
(Day3) 

δ13CDIC 
(Day4) 

Average 
(Days 2-4) 

25 DIC -7.1 -8.5 -8.5 -8.0 -8.4 
50 DIC -7.4 -8.1 -8.1 -8.6 -8.2 

100 DIC -7.4 -7.7 -8.5 -7.3 -7.9 
200 DIC -7.2 -8.0 -7.4 -8.4 -8.0 
400 DIC -7.5 -7.9 -7.8 -6.7 -7.5 
1000 DIC -6.1 -7.3 -6.6 -6.8 -6.9 

2000.1 DIC -8.4 -7.0 -6.7 -4.7 -6.1 
2000.2 DIC -6.3 -6.4 -7.4 -7.0 -6.9 
2000.1 CH4 -17.7 -17.4 -17.6   
2000.2 CH4 -17.8 -17.8 -17.2   
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Figure S.1. - Dissolved CH4 concentrations for TAN wells with significant
CH4.  All data plotted are 8-week moving averages.
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Figure S.2.  8-week moving average concentrations of chlorinated solvents in well TAN-25.
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Figure S.3.  8-week moving average concentrations of chlorinated solvents in well TAN-37A.
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Figure S.4.  8-week moving average concentrations of chlorinated solvents in well TAN-28.
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Figure S.5.  8-week moving average concentrations of chlorinated solvents in well TAN-29.
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Figure S.6.  TCE concentrations for distal wells sampled in TAN plume.  Concentrations
of other chlorinated solvents were low in these wells (<0.6 μmol/L).




