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Site map showing the contaminant source area
(free phase and residual creosote DNAPL) and
location of samples for biodegradation evaluation.
Two samples are located within the source area
and one is located upgradient.

Figures showing the design of the
creosote sources and plume
monitoring/sampling wells. Sample
locations for PLFA measurements
are shown as C1, C2, C3, and C4.
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• DNA profiles from SOURCE 1 and SOURCE 2 show simplified bacterial
communities compared to UPGRADIENT
• DNA profiles in SOURCE 1 and SOURCE 2 were similar before and after
enrichment; suggests that the original community was already adapted to
naphthalene
• Bacteria found were closely related to several species within the genus
Pseudomonas; Biodegradative Strain Database lists four bacteria within the genus
pseudomonas that have known capability to metabolize naphthalene
• Bacteria closely related to Comamonas were identified in the naphthalene
enrichment of the UPGADIENT sample; members of this genus are known to be
capable of degrading naphthalene and to possess genes for PAH degradation
• Detection of specific functional genes showed that all three samples contained
genes encoding for the enzymes naphtalene dioxygenase and catechol 2,3
dioxygenase

Results

• The natural microbial community at the site was evaluated, using 16S rDNA gene profiling, for
the capability to biodegrade the constituents of concern (by the means of specific enzymes)
• This analysis provides a gene profile for the dominant bacterial community in the site sample
• The samples were then enriched by culturing with the subject contaminant (i.e., naphtalene)
and another profile was generated
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• DNA analyses showed that microbes both within and
upgradient of the plume possess the functionality
required for naphthalene biodegradation
• Specific strains present that have proven capability to
degrade naphthalene
• Results indicated that the natural microbial community
within the site plume has already adapted for
naphthalene biodegradation
• Results were consistent with several lines of Natural
Attenuation evidence (e.g., electron acceptors,
modelling, contaminant distributions)
• Remediation system based on
Engineered Barriers and Natural
Attenuation is almost complete

Catechol

OH

OH H

Products

UPGRADIENT

SOURCE 2

+
NADH NAD
Cis-1,2-dihydroxy+ O2 + H+
1,2-dihydronaphtalene

Naphtalene
1,2-dioxygenase

Enzyme-substrate
complex

Naphtalene

Enzyme

Substrate

Sample location

River

SOURCE 1

warehouse

• Site is contaminated with creosote DNAPL, and dissolved phase
PAHs in groundwater are known to be discharging to river
• Objective was to evaluate biodegradation of dissolved phase PAHs
• Results used to assess feasibility of proposed site Remediation Plan
• Plan is a combination of engineered barriers and Natural Attenuation;
involves use of barrier walls to reduce groundwater flux through
source areas and to increase length and time of groundwater
flowpath prior to discharge to river
• Increased travel time is intended to allow more time for Natural
Attenuation

Method
• Assessment of the extant in-situ microbial community in subsurface
environments is accomplished by inducing resident microbes to colonize a
solid phase sampler
• The sampler is comprised of a solvent-resistant, autoclavable
polyfluorylalkoxy (PFA) 1.5” long, 5/8” diameter perforated tube stuffed
with glass wool (incinerated to remove organic carbon) or filled with BioSep® beads
• Bio-Sep® beads (described in U. S. patent 5,486,292) are 2-3 mm
spherical beads consisting of 25% (w/w) aramid polymer (Nomex) and
75% (w/w) Powdered Activated Carbon (PAC). The bulk density is about
0.16 g/cm3 with a porosity of 74%, and adsorptive capacity greater than
600 m2/g
• The beads are surrounded by an ultrafiltration-like membrane with a
median pore diameter of 1.9 microns and with some large macropores
(larger than 20 microns)
• Beads can be purged of organic carbon by incubation at 350 °C for at
least 5 hours

DNA extracted
from bacteria

PLFA in intact cell membranes

Project Outline (King et al., 1999, Jour. Cont. Hyd, 39:249-307)

SITE #1 - CREOSOTE RESEARCH SITE, CFB BORDEN, CANADA

Why use the DNA method for bacteria identification?
• Databases can be queried to identify species, on the basis of 16S rRNA gene sequences
• Databases can be queried to determine whether identified species have the ability to
metabolize the contaminant of interest
• Specific gene sequences are required for specific metabolic tasks (e.g., aerobic naphthalene
biodegradation); identification of specific sequences indicates microbial capability

What does DNA analysis focus on? (e.g., Muyzer et al., 1993, App. Env.Microbio., 59:695-700)
• Favored target in microbial DNA identification is the sub-unit ribosomal RNA gene, referred to
as “16S rDNA” in prokaryotes (bacteria and archaea)

Why analyze for PLFA? (e.g., White et al., 1989, FEMS Micro. Eco, 62:39-50)
• Effective tool for monitoring microbial responses to their environment
• The composition of the microbial membrane reflects both the nature of the intracellular
components and the extracellular environmental conditions
• PLFA composition indicates the types of microbes that are present and how the microbial
reacts to environmental factors, such as the introduction of pollutants

What is PLFA?
• Principal components of bacterial cell membranes; controls passage of nutrients and
substrates through the membrane

The purpose of this poster is to present applications of biochemical and molecular microbiology techniques for sites where
groundwater is affected by wood-treating chemicals. These methods are illustrated on two example wood-treating sites.
Groundwater from these sites was analyzed for PLFA (Phospholipid Fatty Acids) and DNA, to evaluate whether dissolved
phase contaminants (PAHs) are undergoing Natural Attenuation. A novel sampling technique is also reviewed.

INTRODUCTION

Solid phase sampler

Solid Phase Sampler
Overview
• We are engaged in ongoing testing of a solid phase sampler that is
deployed down a well and acts as a sensitive recorder of ambient microbial
conditions or microbial response to biostimulation in the subsurface
• The tester is intended to compensate for the chaotic signal from aqueous
samples and the limitations of direct sediment sampling
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• Plot of total PLFA inside and outside the coal tar creosote
plume
• Total PLFA is used as a biomass indicator and here
indicates negligible depth trend
• Note the elevated biomass inside the plume compared to
background measurements
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Core 3 - inside plume

• Plot of standard aerobic plate counts inside and outside the coal
tar creosote plume
• Unlike the PLFA data, the plate counts show strong depth trend;
decrease of biomass with depth
• Trend is not truly indicative of biomass; related to decrease in
aerobes with distance below the water table
• Unlike PLFA, plate count results are highly dependent on
culturing conditions
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Core 2 - inside plume
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In terms of characterizing microbial communities, PLFA analysis may
avoid some of the practical constraints of standard plate count analysis
(I.e., results that are specific to culturing conditions)
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• Promising applications for this method include the “seeding” of
samplers with site-specific contaminants, to test for microbial capacity
under site-specific conditions

• The sampler is deployed down a well and, after retrieval, can be used
for evaluation of of ambient microbial conditions or microbial response
to biostimulation (with PLFA and/or DNA analysis)

• A solid phase sampler was development in response to the need for
reproducible microbial samples, and the limitations for collecting
microbial samples of groundwater and sediment

Development of a novel microbial sampling method:

• DNA analysis linked with culturing methods can show whether microbes within
the site plume have already adapted for contaminant-specific biodegradation

• DNA analysis can show whether site microbes possess the functionality
required for biodegradation of site-specific contaminants

• Targeted gene amplification can help to define the specific physiological
potential of a microbial community for degrading a specific wood-treating
contaminant (e.g., naphthalene)

• The key to the DNA method of microbial characterization is that gene
sequences differ between species, and are readily searchable on genetic
databases

• Sum of PLFA ratio (ω 7t/ω 7c) has been shown to be an
indicator of microbial growth phase
• Biomass from outside the plume shows substantially higher
values indicating a stationary growth phase
• Biomass from the plume shows lower values, indicative of a
faster (log phase) turnover rate
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•

• PLFA analysis can show that the response of microbial communities to
dissolved phase creosote plumes is consistent with plume
biodegradation (e.g., more rapid natural growth rate inside vs. outside
the dissolved phase plume)

• PLFA analysis constitutes a reliable qualitative tool to evaluate the
biomass of a site sample; relative biomass (as indicated by PLFA) can
correlate with the presence of dissolved phase plumes on wood-treating
sites

Experience at the Borden Site (and others) has shown that:

CONCLUSIONS

Preliminary Results
• A variety of solid phase samplers have been tested. Initial results
indicate these devices show promise for tracking changes in
microbial communities (e.g. inside vs. outside plume, before versus
after treatment)
• “Samples” obtained by this method can be analyzed for PLFA and
DNA
• Samplers have potential to be “seeded” with substrate of interest, to
test for specific microbial capacity

Experience at the British Columbia Site (and others) has shown that:

Core 4 - inside plume

• A volume of sand containing coal tar creosote was emplaced below the water table to investigate natural attenuation processes for creosote
• Movement of groundwater through the source led to the development of a dissolved organic plume, which was studied over a four year period
• Measurements of PLFA in aquifer material indicated that microbial biomass and turnover rate were greater within the plume, which is consistent
with biodegradation; results are contrasted with standard plate count methods
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SITE #2: DECOMMISSIONED
WOOD-TREATING SITE, BRITISH
COLUMBIA, CANADA

Developed in response to limitations of existing soil
and groundwater grab-sample methods

DEVELOPMENT OF A NOVEL MICROBIAL SAMPLING METHOD FOR PLFA AND DNA
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• Timely access to solid phase (sediment) samples can be
limited by mobilization, drilling costs, and possible concerns
for existing well field integrity
• For biostimulation studies, it can be critical to monitor changes
in the microbial community over time; conventional soil
sampling methods may not provide reproducible results
• Groundwater grab samples provide a snapshot in time, but are
dependent on the hydrology of the day (i.e. recent rain or
drought events)
• Most bacteria exist attached to surfaces; groundwater
sampling may artificially exclude these communities
• In some sediment environments recovery of DNA is limited by
natural organic material and clays

Dominant directio
n
of groundwater
flow

Mark King, Greg Davis and Jean-Philippe Gobeil

APPLICATION OF BIOCHEMICAL AND MOLECULAR MICROBIOLOGY TO EVALUATE BIODEGRADATION ON WOOD-TREATING SITES
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