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Abstract
The detection of anomalous leakage of CO2 at the earth’s surface has been
investigated in relation to mineral exploration (Polito et al., 2002; Klusman, 2009)
and environmental monitoring (Opperman et al., 2010; Noble et al., 2012) particularly
for geosequestion CCS (Carbon Capture and Storage). High fluxes of CO2 may
cause major ecological shifts in the soil microbial community (Opperman et al.,
2010). At Ginninderra shallow CO2 injection facility (Canberra, Australia), we
sampled six sites to test the microbial and geochemical responses to CO2 injection.
Numerous other methods for detecting CO2 were also tested and reported elsewhere
(Feitz et al., in press). Soils were sampled from 10 cm depth, before, during and 10
days after CO2 injection at depth (2 m). All samples were measured for pH and
subject to partial extractions to assess element mobility. Elements were measured
using ICP-MS/OES. DNA was extracted and analysed by GeoChip® for nearly 4,000
genetic functional groups and for phylogenetic relationships (16S RNA) using next
generation sequencing. Background results show seasonal influence, but shifts in
the microbial community relate to a switch from aerobic to anaerobic respiration for
sites near the CO2 injection point. Concentrations of some elements including Zn
and K increased due to the excess CO2 (Figure 1). An increase in abundance of
Nitrospira and Firmicutes phyla was observed after the CO2 increase (Figure 2).
These phyla are anaerobic and more acid/metal tolerant, consistent with the
observed increase in functional genes related to metal resistance and bioleaching.
The pH did not change significantly suggesting that microbial responses can be
more sensitive than geochemical responses; this may be valuable for future mineral
exploration for subtle signatures in deep cover. The observed microbial changes
could be used to develop biosensors for CCS and mineral exploration.
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Figure 1. Potassium (A) and Zn (B) associated with the exchangeable and
amorphous oxide phases liberated during and after CO2 injection. Error bars
represent the standard deviation of the mean (n=3).

Figure 2. Abundance (% from total number) of Firmicutes (A) and Nitrospira (B)
in soil samples proximal (shaded) and distal to the CO2 leak. The abundance
(% total) is the mean of 3 replicates. Error bars represent the standard
deviation of the mean. * indicates significant difference (p<0.05).

2
Noble, Jenkins, Wakelin, Karpinets & Feitz

April 2015

Microbial Response to CO2

References
FEITZ, A., JENKINS, C., SCHACHT, U., et al, in press. Energy Procedia, GHGT-12,
16p.
KLUSMAN, R. 2009. Transport of ultratrace reduced gases and particulate, near‐
surface oxidation, metal deposition and adsorption. Geochemistry: Exploration,
Environment, Analysis, 9, 203‐213.
NOBLE, R.R.P., STALKER, L., WAKELIN, S.A., PEJCIC, B., LEYBOURNE, M.I.,
HORTLE, A., & MICHAEL, K. 2012. Biological monitoring for carbon capture and
storage – A review and potential future developments. International Journal of
Greenhouse Gas Control, 10, 520-535.
OPPERMANN, B., MICHAELIS, W., BLUMENBERG, M., FRERICHS, J., SCHULZ,
H.M., SCHIPPERS, A., BEAUBIEN, S.E., & KRÜGER, M. 2010. Soil microbial
community changes as a result of long-term exposure to a natural CO2 vent.
Geochimica et Cosmochimica Acta, 74, 2697-2716.
POLITO, P.A., CLARKE, J.D.A., BONE, Y. & VIELLENAVE, J., 2002. A CO2 -O2 light hydrocarbon-soil-gas anomaly above the Junction orogenic gold deposit: A
potential alternative exploration technique. Geochemistry: Exploration, Environment,
Analysis, 2, 333-344.

3
Noble, Jenkins, Wakelin, Karpinets & Feitz

April 2015

