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Summary of the Problem

Focusing on petroleum hydrocar-
bon degradation in the Houston
Ship Channel and Galveston Bay
area, researchers at  Rice Univer-
sity are evaluating the potential of
bioremediation processes for cost-
effective treatment and risk reduc-
tion of contaminated sediments
and dredged materials.

As a general class, petrochemicals
are known to be biodegradable, so
biological processes offer the po-
tential for low-cost and effective
treatment. The Rice team is focus-
ing their studies on several poly-
cyclic aromatic hydrocarbons
(PAHs), both individually and in
mixtures, because they are particu-
larly abundant in the Ship Chan-
nel sediments. Various factors
influence the rate and extent of
biodegradation—redox condi-
tions, ability to induce desorption
from the sediment, solubility of
the PAHs, metabolic capabilities
of the indigenous microbes, nutri-
ent and dissolved oxygen levels,
preferential utilization by the or-
ganisms of one PAH over others in
a mixture, and so forth. Through a
better understanding of these pa-
rameters, researchers hope to learn
how to effectively transfer
bioremediation technology from
ideal laboratory conditions to ac-
tual contaminated field sites.

Background
The Houston Ship Channel is a crucial
component of the City of Houston and
Gulf region economies; the recre-
ational and fisheries benefits of the
Galveston Bay estuary are world
renowned.  Plans to develop the
channel, however, must contend with
the environmental repercussions of
dredging operations. During dredg-
ing, sediments are resuspended and
contaminants escape into the water
column, where they are accumulated
by aquatic plants and animals and
then enter the food web. The chal-
lenge, then, is to enlarge the channel
and protect the Galveston Bay fisher-
ies while avoiding environmental
pollution when moving sediments
that are heavily contaminated with
toxic metals.

Despite decades of research,
surprisingly little is known about
successful remediation of contami-
nated sediments. The current ap-
proach to sediment management and
remediation is generally limited to no
action at all, or dredging and subse-
quent land or aquatic disposal.
Although biodegradation and entomb-
ment may eventually inactivate the
pollutants, these natural processes are
too slow to prevent release of the
compounds into the ecosystem.

Rice University researchers have
therefore undertaken a search for
ways to increase the rate at which
microorganisms degrade toxic sub-
stances. They are particularly inter-
ested in polycyclic aromatic hydrocar-
bons (PAHs), which result from direct
discharge of petroleum-containing
wastes, coal gasification, and combus-
tion processes, and may be carcino-
genic. Naphthalene, phenanthrene,

fluorene, chrysene, anthracene, and
acenaphthalene are all PAHs com-
monly found in these sediments. All
are also biodegradable under aerobic
conditions, but their degradability
varies as a function of their molecular
size and structure as well as the redox
characteristics of the sediment or
sediment/water system.

The goals of this project are to:

• identify and quantify the microbial
and physical-chemical parameters
that control the rate and extent of
biodegradation in sediments;

• determine the extent of treatment
possible with highly contaminated,
dredged sediments;

• determine the feasibility of in situ
bioremediation of sediments and
dredged materials.

Progress
Working with the Texas Water

Commission, the researchers have
collected sediment samples from four
sites in the Houston Ship Channel and
from Dickinson Bayou. This bayou
has been identified as one of the most
highly contaminated in the Galveston
Bay area, as it has received large
amounts of produced water from oil
fields (water that coexists with crude
oil and is disposed of during oil
production).

Degradation of toxic substances, in
this case PAHs, often produces toxic
by-products that are more recalcitrant
to degradation than the parent
compound. Researchers are looking
for microbes to completely mineralize
PAHs, i.e., to degrade the toxic
compounds all the way to carbon
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