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GRANT #: N00014-97-1-0955
PRINCIPAL INVESTIGATOR: Dr. Marc E. Frischer

INSTITUTION: Skidaway Institute of Oceanography

"GRANT TITLE: Biogeochemical factors affecting microbial transformation of co-

occurring contaminants in sediments from a saltmarsh Superfund
site.
AWARD PERIOD: 01 JUL 1997 — 30 SEP 2000

OBJECTIVE: To identify linkages between contaminant chemistry, biogeochmistry, and
microbial activity/diversity in contaminated saltmarsh sediments and to experimentally
evaluate strategies for remediating saltmarsh sediments contaminated with co-occurring
organic contaminants (PCBs) and heavy metals (mercury).

APPROACH: Via multidisciplinary collaborations a series of laboratory scale anaerobic
incubations with contaminated sediments were initiated and maintained under both
methanogenic and sulfidogenic conditions. The effect on contaminant transformation,
primarily of PCBs in the form of weathered Aroclor 1268, in the presence of mercury
were evaluated under these conditions. Additionally, the importance of pH, temperature,
addition of biphenyl primers, and simple nutrient additions were evaluated. Concurrent
with these studies the effect on the activity of microbial communities and the structure of
microbial communities were analyzed to identify the key processes and organisms
responsible for contaminant transformation.

ACCOMPLISHMENTS: Evidence of in situ dechlorination of Aroclor 1268 (Avg =
8.5 chlorines per biphenyl) was documented in PCB/Hg contaminated sediment from the
LCP chemical site. These findings suggested dehalogenation under native sulfate
sulfidogenic conditions present in the saltmarsh environment. Because elevated methyl
mercury porewater concentrations were coincident with the presence of sli ghtly
dechlorinated PCBs, the association between sulfate reduction and dehalogenation

“activity was further strengthened. Therefore, one of the primary objectives of this

project was to investigate the linkage between sulfate reduction and PCB dechlorination.
Controlled microcosm studies were initiated to quantitatively link sulfate reduction with

. PCB dechlorination. These studies indicated that some dechlorination activity could be

induced under both methanogenic and sulfidogenic conditions in the presence of high
mercury concentrations, but only with the addition of a PCB “primer”. After 3-months of
incubation, the sulfidogenic treatment primed with 23456-pentachlorobiphenyl (a “meta”
primer) exhibited the greatest decrease in Aroclor 1268. In addition, the distribution of
lower chlorinated PCBs, presumed to be dechlorination products, differed among the
treatments and primer choice, suggesting that different microbial dechlorination activities
were inducible. However, the extent of dechlorination was low in each case. Studies to
determine the effect of nutrient addition and nutrient starvation were conducted. In these




studies nutrient addition (complex and defined) and nutrient starvation did not enhance
PCB dechlorination.

To identify potentially important microbial consortia involved in contaminant
transformation, studies were undertaken to associate the structure of microbial
communities associated with pristine and contaminated sediments. Characterization of
microbial community structure was determined using several molecular approaches
including: direct sequencing of the 16S tRNA gene, cell blot hybridization with suites of
phylogenetic broad group-specific 16S rRNA targeted oligonucleotide probes and,
Amplified Ribosomal DNA Restriction Analysis (ARDRA). Microbial community
composition was examined seasonally from sediment cores collected along a contaminant
gradient at the LCP Superfund site and at uncontaminated sites in conjunction with
measurements of microbial activity, biogeochemical parameters, and contaminant
distribution. Characterization of 16S rDNA clone collections by ARDRA and sequence
analysis suggests that microbial diversity is at least as high in contaminated sediments as
those found in other environments. Although sulfate reducing bacteria (SRB) accounted
for the majority of activity and probe hybridization signal, respectively, the delta
proteobacteria did not numerically dominate the microbial consortium as determined by
sequence analysis of clones obtained from pristine or contaminated sites. Within the
SRB populations, the abundance of Desulfobacterium was positively correlated to the
presence of contaminants (Hg & PCB). Processes other than the presence of
contaminants could explain the abundance and distribution differences of other groups of
SRBs. These studies suggest the importance of diverse microbial assemblages for the
tolerance and transformation of complex contaminant mixtures in saltmarsh sediments
and highlight specific consortia that may be involved in the remediation of PCB and
mercury in saltmarsh sediments.

CONCLUSIONS:  Natural assemblages of saltmarsh bacteria appear to be capable of
surviving and transforming heavily chlorinated PCBs in situ. Members of the Beta
Proteobacteria may be involved in this process. Specific stimulation of sulfate reduction
or methanogenic activity did not enhance bioremediation of either mercury or PCBs in
these saltmarsh sediments. Similarly, nutrient starvation did not enhance contaminant
transformation. These results suggest that a general increase in bacterial activity or
forcing nutrient limitation will not promote the natural attenuation of PCBs in
contaminated saltmarsh sediments.

SIGNIFICANCE:  These studies demonstrate that natural saltmarsh bacterial
communities that are present in mercury and PCB contaminated sediments have the
potential to transform (remediate) these contaminants. Our studies also suggest that a
general manipulation of two major bacterial processes, sulfate reduction and
methanogensis, do not result in significant enhancement of contaminant transformation.
Our findings suggest that specific bacteria, perhaps in the Beta Proteobacteria group, are
responsible for PCB dechlorination.
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