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INTRODUCTION

Polycyclic aromatic hydrocarbons (PAHs) consist of hydrogen and
carbon organized in the form of two or more fused benzene rings. A
multitude of PAH compounds are known to exist; each differs in the
number and position of aromatic rings and in the location of
substituents on the fundamental ring system (Eisler 1987).
Anthropogenic sources of PAHs in the United States are primarily from
motor vehicles, coke production, heat and power generation, and open-
refuse burning (Grady et al. 1992). Emitted in association with
particulate materials, PAHs eventually enter aquatic ecosystems where
they are either stored in sediments or incorporated into the food chain
via uptake by phytoplankton, filter-feeding invertebrates, and fish
(Eisler 1987).

Concern about the impact of PAHs in the environment is due to their
persistence and to the fact that some have been documented as potent
carcinogens (Eisler 1987). The history of PAH carcinogenicity dates
back to 1775 when London surgeons linked scrotal cancer in chimney
sweeps with occupational exposure to soot, which was subsequently
determined to contain PAHs (Grady et al. 1992). Many investigations
have attempted to illustrate the effects of PAH exposure in fish
populations. Bottom-dwelling fish inhabiting sites of known PAH
contamination have been found to contain biliary carcinogenic
metabolites of PAHs (Malins et al. 1985, Krahn et al. 1986, and Krahn
et al. 1987). Fish rapidly metabolize PAHs to intermediates which can
either bind to liver DNA or form conjugates which then pass into the
bile. Hepatic and biliary carcinomas have been reported in wild
bottom-dwelling fish from PAH contaminated sites in the Niagara River
and eastern Lake Erie (Black 1983). Maccubbin et al. reported that the
levels of PAHs in the stomach contents of fish paralleled values
reported for sediments from the same area and concluded that it was
reasonable to assume that fish were receiving at least part of the PAH
load via ingestion of PAH contaminated food or sediment. The
assertion that the correlation of PAH levels and tumor frequency may
be related was further supported by Black’s demonstration of
carcinogenic effects of river sediment extracts in both the liver and
skin of brown bullheads (Ameiurus nebulosus). Krahn et al. (1986)
found a significant positive correlation between idiopathic liver
diseases and total concentrations of biliary metabolites of PAHSs in
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English sole (Parophyrs vetulus). Baumann et al. (1987) found
evidence to support the hypothesis that liver neoplasia in brown
bullheads was induced as a result of exposure to PAHSs.

The Buffalo River and the Love Canal-102nd Street Dump Site are
industrially polluted areas, while the Black Creek reference site used in
this study is relatively clean. Sediments from the Buffalo River, a
tributary of the Niagara River, have been found to contain significant
concentrations of aromatic amines, PAHs, and carcinogenic metals.
The total PAH concentration in the bottom sediments from the Buffalo
River sampling site at Buffalo, New York, was reported to be
47,743 ng/g.  Components of this total included 2,484 ng/g
phenanthrene and 2,228 ng/g benzo(a)pyrene (Niagara River Toxics
Committee 1984).

The Love Canal-102nd Street Dump Site, located in the east branch of
the Upper Niagara River in Niagara Falls, New York, is also heavily
polluted with industrial waste. Zinc, PAHs, benzene hexachloride, and
polychlorinated biphenyls have been found to be present in the
sediments at the Love Canal-102nd Street Dump Site (Hickey et al.
1990). Hickey et al. reported that residue analyses of brown bullheads
from the Love Canal-102nd Street Dump Site showed that PAHs and
other chemicals were present in fish tissues. Incidence of
hepatocellular and bile duct lesions in these brown bullheads was
reported at 35% (Hickey et al. 1990), whereas incidence in healthy
wild fish populations should be less than 2% (Mac and Smith 1988).

Black Creek, located in the west branch of the Niagara River in Ontario,
Canada, was selected to serve as the reference site in this study. The
Niagara River Toxics Committee (1984) reported total PAH
concentration in the sediments to be 483 ng/g there. Black Creek has
been used as the reference site in previous investigations addressing
environmental contaminant issues (Hickey et al. 1990). Refer to
Figure 1 for specific sampling locations.

The objectives of this study were to quantify and compare PAH
metabolite levels in the bile from brown bullheads from the Buffalo



FIGURE 1. NIAGARA RIVER SAMPLING SITES
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River, the Love Canal-102nd Street Dump Site, and Black Creek by
high performance liquid chromatography (HPLC) analysis.

MATERIALS AND METHODS
Sample Collection

Brown bullheads were captured by boat electroshocking from the
Buffalo River, the Love Canal-102nd Street Dump Site, and Black
Creek on June 11 and 12, 1991 and from the Buffalo River and the
Love Canal-102nd Street Dump Site on June 2 and 3, 1992. After
capture, fish were immediately placed in ice and stored aboard the
boat. The samples were transported to the laboratory where they
were stored in ice until necropsied, following the methods as specified
by Hickey et al. (1990). Fish were necropsied within six hours of
capture. During the necropsy, bile was extracted from the gall
bladders with Vacutubes. Bile samples were immediately frozen and
stored. Care was taken to avoid exposure of the bile samples to light.

HPLC Analysis of Bile

Bile samples from 108 fish were analyzed for naphthalene,
phenanthrene, and benzo(a)pyrene metabolites by HPLC methods:
Buffalo River (n=25), Love Canal-102nd Street Dump Site (n=17),
and Black Creek (n=8) in 1991 and Buffalo River (h=32) and Love
Canal-102nd Street Dump Site (n=26) in 1992. Using an
autosampler, 5 ul of each sample were injected into the HPLC system.
Detector response was monitored at 292/335 (naphthalene), 257/380
(phenanthrene), and 380/430 (benzo(a)pyrene) excitation/emission
wavelength pairs. Refer to Appendix A for the specific details of the
HPLC-fluorescence method.



