
Variation in Biomass Distribution in Porous Medium with Decreasing pH
Matthew F. Kirk1, Eugenio F. U. Santillan2, Lucas K. McGrath1, Susan J. Altman1

1Geochemistry Department, Sandia National Laboratories
2Jackson School of Geosciences, University of Texas at Austin

Introduction
Subsurface microbial communities have a consid-
erable in�uence on the geochemistry and physical 
properties of their environments. The e�ect that 
CO2 sequestration has on these communities, 
therefore, could a�ect the environmental impact of 
CO2 injection and the hydraulic properties of stor-
age reservoirs. We consider how decreasing pH, a 
geochemical change caused by CO2 injection, will 
a�ect the stability of pre-existing bio�lms. 
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      Aqueous medium

Ingredient  mM
glucose   1.0
KH2PO4   0.05
NH4Cl   0.5
KNO3   0.25
NaHCO3   4.0
CaCl2*2H2O  0.5
MgSO4*7H2O 0.25
rhodamine WT 0.0035

at pH 7.2
alkalinity as HCO3

- 3.3

TDS (mg/L)  500

Column Experiments
Pseudomonas �uorescens bio�lms 
were grown for 7 days in column 
reactors with pH 7 medium prior 
to exposure to pH 4 medium. 
Green �uorescent protein (GFP) 
in the bacteria and rhodamine in 
the aqueous medium allowed 
cells and pores to be visualized 
with confocal laser scanning mi-
croscopy. Pressure was measured 
adjacent to the columns using 
pressure sensors or manometers. 
Cell export from the columns was 
monitored by plating e�uent.

Biomass Distribution
While pH 7 medium was �owing through the columns, 
cells uniformly coated bead surfaces. Following expo-
sure to pH 4 medium, however, clumps of biomass 
were present in pores.

Hydraulic Conductivity
The impact that biomass clump formation had on hydraulic con-
ductivity (K) varied between experiments. The results from two 
biologically active experiments are shown. One shows signi�cant

Conclusions
Sudden decreases in pH can trigger a redistribution of microbial 
biomass from bead surfaces to pores and a decrease in the 
number of viable cells present.

The impact of biomass redistribution on hydraulic conductivity ap-
pears to re�ect the amount of bioclogging initially present.
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The viable cell content of e�uent 
samples decreased sharply (log 3-4 re-
duction) after medium with pH 4 was 
introduced in each experiment. Results 
from two pH 4 experiments and one 
pH 7 control are shown. Columns were 
inoculated with 108 cells.

Before Inoculation

bioclogging with a de-
crease in K following expo-
sure to pH 4 medium 
(bottom left). The other 
shows limited bioclogging 
with an increase in K fol-
lowing exposure to pH 4 
medium (bottom right).
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Schematic depiction of variation in geo-
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