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Problem and Research Objectives

Polychlorinated biphenyls (PCBs) are ubiquitous aquatic pollutants with
significant toxic effects in both humans and fish, including altered reproduction,
immunosuppression, carcinogenesis, and neurotoxicity. Significant levels of
environmental PCBs in Kentucky have led to the posting of fish advisories in several
waterways (Kentucky Division of Water). The focus of the present study was the Town
Branch-Mud River (TB/MR) system in Kentucky, a PCB-contaminated site currently
under remediation. This project addressed several needs identified by the Water Science
and Technology Board [3], including the need to understand the impact of contaminants
on higher organisms, to monitor the time course of recovery following contamination,
and to evaluate the effectiveness of management efforts to improve water quality.  Water
quality in Kentucky is evaluated based on contaminant concentrations in water, sediment
or biota, and/or on biological indices of species diversity. Contaminant concentrations
alone provide no information on organism response, and diversity indices do not
distinguish between response to contaminants, habitat disturbance, or natural stressors.
For example, there is no information on whether exposure to PCBs in the TB/MR system
is producing sublethal effects in fish populations in that system, and/or whether present
remediation efforts are reducing those effects. The enzyme, CYP1A, is strongly and
rapidly induced in animals exposed to toxic organic pollutants, including PCBs. We
hypothesized that CYP1A levels in TB/MR resident fish reflect organic contaminant
levels at their site of collection.  Research objectives were:  1) To use CYP1A levels in
caged fish to evaluate the effectiveness of bioremediation efforts in the TB/MR system,
and 2) to determine if CYP1A levels in resident fish in the TB/MR system reflect
expected habitat contamination level.

Methodology

As our first step in evaluating PCB-remediation success in the TB/MR system, we
measured CYP1A response in naive fish caged in the system. This was necessary because
resident fish may not adequately reflect conditions at the site of capture as some species
may move between remediated and unremediated areas, while others may have
developed resistance to PCB induction of CYP1A. For these reasons, we first evaluated
the CYP1A1 response of hatchery-reared, rainbow trout caged at each study site to
provide a site-to-site evaluation of the effectiveness of bioremediation efforts in the
TB/MR system. Rainbow trout were caged at reference, remediated and unremediated
sites in the TB/MR waterway for two weeks in Spring 2002 and evaluated for CYP1A
expression level (messenger RNA, CYP1A protein, CYP1A enzyme activity), and gut
contents were analyzed to determine what organisms were consumed by the caged trout.
To evaluate the response of resident fish species, we measured hepatic CYP1A
expression in fish collected from reference, remediated and unremediated sites in the
TB/MR waterway. Species were selected based on known sensitivity to CYP1A inducers
and on our ability to collect statistically-sufficient numbers of individuals at each site to
distinguish site differences in CYP1A response. Resident green sunfish, longear sunfish,
creek chub, yellow bullhead, rock bass, spotted bass, and common carp were collected in
Fall 2002 and PCB body burdens and CYP1A1 activity evaluated.



Principal Findings and Significance

Our first principal finding suggests that bioremediation efforts to remove
polychlorinated biphenyl contamination in the Town Branch waterway were not
completely successful. We have three pieces of evidence supporting this conclusion;
biological response in fish caged at the site, PCB levels in sediments at the site, and PCB
levels in the flesh of resident fish from this site.  Rainbow trout caged at the remediated
Town Branch site had significantly elevated levels of the biomarker enzyme, CYP1A1, in
both their gills and their liver, relative to fish caged upstream at a reference site. Elevated
CYP1A expression occurs in response to exposure to inducing chemicals, typically PAHs
and PCBs [5, 18]. That CYP1A levels were elevated in the gills of the caged fish,
together with evidence of low food consumption by these fish, suggests exposure to
contaminants in this system is waterborne. Although not part of our original proposal, we
also evaluated levels of PCBs in sediments and resident fish at these sites.  Samples of
sediment and resident fish were collected by doctoral students in my laboratory, Ben
Brammell and Xabier Arzuaga, and by David Price, a doctoral candidate in the laboratory
of Dr.Wesley Birge, (Dept of Biology at UK), and analyzed by David Price. These
analyses indicated that PCBs are present and bioavailable in the TB/MR system. Highly
elevated levels of PCBs remain in the sediments from the remediated section of Town
Branch (up to 40 ppm total Aroclor dry wt basis) and have been bioaccumulated to
extraordinarily high levels by resident fish collected at this site (up to 98 ppm wet edible
flesh, with a median concentration of 24 ppm).  These levels are at the high end of those
measured in fish from New Bedford Harbor, Massachusetts, considered one of the most
highly contaminated PCB Superfund sites in the US.  Median PCB levels in edible flesh
ranged from 5.5 - 7.4 ppm for New Bedford Harbor flounder species up to 24 ppm
median PCB for American eel [17]. PCB levels in fish from the unremediated section of
the Mud River ranged from non-detectable up to 20 ppm (median 3.89 ppm), indicating
that this site is also a significant source of PCBs for resident species. In comparison,
Town Branch reference fish collected upstream of the remediated site had PCB body
burdens that were up to 100 times lower than fish from the remediated site, ranging from
non-detectable to < 3 ppm (median = 0.56 ppm).  Our second main finding was that
resident species appear to have developed resistance to at least some of the biological
effects of PCBs. Since inducing chemicals are present in this system, as demonstrated by
induction of CYP1A in the caged trout, lack of induction in resident species suggests they
have developed resistance to the contaminants present in this habitat. Moreover, their
PCB body burdens are similar to, and in some cases well above, those known to induce
CYP1A in other fish species [1, 8]. The ability of fish to develop resistance to
halogenated hydrocarbons, including PCBs and dioxins, has been demonstrated in
resident populations of fish in several contaminated sites [2, 6, 7, 12, 15, 16]. To confirm
our suspicion that resident species have acquired resistance to PCBs, we collected green
sunfish and yellow bullhead catfish in March 2003 and are currently depurating them for
use in challenge experiments with PCBs to be conducted in July 2003 (half life of PCBs
in fish is 4 months, [13]). By treating depurated resident fish with PCBs we expect to find
little to no induction of CYP1A if the fish have developed resistance relative to similarly
treated reference fish.  In addition to the lack of CYP1A1 inducibility in resistant fish,



these animals have also consistently demonstrated resistance to the harmful effects of
these chemicals (reviewed in [6, 9]). If resident fish demonstrate resistance to CYP1A
induction in our PCB challenge experiments, we will conduct further studies to explore
whether these fish have also developed resistance to the toxic effects of PCBs,
specifically, the well-characterized ability of PCBs to alter thyroid hormones [4, 10, 11,
14]. To address this question, we plan to conduct studies examining PCB effects on
thyroid hormone in resistant fish under our 2003/2004 USGS 104B grant.
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