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ABSTRACT
Brown Bullhead (Ameiurus nebulosus) are often used as bioindicators of environmental
contamination. Neoplasms and other lesions in this species are thought to reflect the presence of
pollutants in the sediment of aquatic ecosystems. The basis for the bioindicator status of the
species is tenuous, however, and has been challenged. My study sought to better understand the
background distribution and prevalence of neoplasia in Brown Bullhead and the relationship
between this disease and exposure to contaminated sediment. I conducted surveys of Brown
Bullhead populations in Lake Erie and inland northwestern Pennsylvania and found evidence of
liver and/or orocutaneous neoplasms at every site. When critical covariates such as age were
accounted for via logistic regression, Lake Erie populations were found to have a significantly
greater likelihood of both liver and orocutaneous neoplasms than were inland Pennsylvania
populations. I investigated the relationship between sediment contaminants and neoplasia by
exposing Brown Bullhead (N=66) to sediment containing either “low” or “high” concentrations
of metals and Polycyclic Aromatic Hydrocarbons using a laboratory microcosm experiment.
None of the specimens developed grossly visible internal or orocutaneous proliferative lesions. A
single specimen in the “low” contaminant condition was found to have a hepatic neoplasm
following 556d of exposure but no hepatic lesions were found in specimens exposed to higher
levels of contaminants. There were no significant differences among treatments in terms of
biomarkers of early-stage carcinogenesis including DNA adduct formation and the development
of microscopic pre-neoplastic lesions. These results, combined with a reexamination of key
foundational literature, do not support the use of Brown Bullhead as bioindicators of
environmental contamination.
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Chapter 1

Brown Bullhead (Ameiurus nebulosus) as a Bioindicator of Environmental
Contamination

“I see a pout this afternoon in the Assobet lying on the bottom near the shore, evidently
diseased — nearly half the head, from the snout backward diagonally, is covered with an inkyblack kind of leprosy, like a crustaceous lichen”
Journal of Henry David Thoreau, July 1858

The Phenomenon of Neoplasia in Brown Bullhead
The Brown Bullhead (Ameiurus nebulosus), a scaleless, medium-sized (15-40.6 cm)
catfish in the endemic North American family Ictaluridae (Trautman, 1981), has historically been
used as a bioindicator of environmental contamination in the Great Lakes and mid-Atlantic
Regions of the United States due to the presence of liver and orocutaneous neoplasms in the
species (Rafferty et al., 2009). The first reference to neoplasms in Brown Bullhead in the
scientific literature was by Osburn (1925:9) who described “conspicuous and very unsightly”
black tumors on the lips, skin, and fins of Brown Bullhead in a pond in Wauquoit, near Falmouth,
Massachusetts. Osburn (1925) found the disease to be experimentally transmissible to other
bullhead and attributed the cause to coccoid bacteria. He further reported two entries from the
personal journal of American author and naturalist Henry David Thoreau documenting the
potential occurrence of neoplasia in bullhead as early as 1852. In an entry dated July 10, 1852
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Thoreau writes “one of these large pouts had a very large velvet-black spot, which included the
right pectoral fin; a kind of disease I have often observed on them”. In July 1858, Thoreau again
documented the condition: “I see a pout this afternoon in the Assobet” (a tributary of the Concord
River) “lying on the bottom near the shore, evidently diseased – nearly half the head, from the
snout backward diagonally, is covered with an inky-black kind of leprosy, like a crustaceous
lichen” (Osburn 1925:9).
Reports of tumors in populations of fishes became more frequent starting in the late
1970s as research into possible environmental causation increased (Baumann et al., 2000). In
1984, the United States Fish and Wildlife Service field office in State College, Pennsylvania
began receiving reports from anglers of “tumors” on Brown Bullhead caught in Presque Isle Bay
of Lake Erie (Obert, 1993). These growths have since been confirmed as both benign (epidermal
papilloma, cholangioma, hepatocellular adenoma) and malignant (melanoma; squamous cell
carcinoma; hepatocellular carcinoma, cholangiocarcinoma) neoplasms (Blazer et al., 2009a,
2009b).

The Relationship between Environmental Carcinogens and Neoplasia in Brown Bullhead
Myriad environmental contaminants have been associated with tumors in Brown
Bullhead including nitrosamines (c.f., Bunton, 1996 for a review; Obert, 1993; Spitsbergen and
Wolfe, 1995), heavy metals (Bowser et al., 1991; Smith et al., 1994), pesticides (Dawe et al.,
1964; Pinkney et al., 2001), rotenone (Dawe et al., 1964), chlorinated wastewater (Grizzle et al.,
1984), alkylating agents (Pinkney et al., 2009), and polycyclic aromatic hydrocarbons (PAHs)
(Baumann and Harshbarger, 1995, 1998; Baumann et al., 1987, 1991; Brown et al., 1973;
Harshbarger et al., 1984; Leadley et al., 1998; Pinkney et al., 2001, 2004a, 2009; Pyron et al.,
2001; Smith et al., 1994; Myers at al., 2003; Eufemia et al., 1997; Grady et al., 1992a,b; Black et
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al., 1985). Of these, the phenomenon of tumors in Brown Bullhead is most often attributed to
exposure to PAHs. The putative relationship between sediment PAH exposure and elevated
incidence rates of tumors in Brown Bullhead, however, has been based primarily on correlative
research with this species and from inferences drawn from work with other species. Therefore, it
is important to explore the extent to which sediment contaminant exposure is causally related to
the neoplasm phenomenon in Brown Bullhead.

The PAH hypothesis
There is extensive experimental evidence linking PAH exposure to neoplasia in fishes. In
a comprehensive review of experimental fish carcinogenesis, Bunton (1996) found published
experimental evidence for a relationship between PAH exposure and neoplasia in Guppy
(Poecilia reticulata), Rainbow Trout (Oncorhynchus mykiss), Bitterling (Rhodeus sericeus), two
species of livebearing topminnows (Poeciliopsis lucida and P. monacha), and Brown Bullhead.
The evidence supporting a PAH etiology in Brown Bullhead is discussed below.

Experimental Investigations
Black (1983a, b) painted the skin of Brown Bullhead with sediment extract from the
Buffalo River for a period of 18 months. Several specimens developed orocutaneous lesions
resembling the hyperplasms and neoplasms seen in some wild populations. Black et al. (1985)
fed 12 Brown Bullhead a diet consisting of trout pellets treated with Black and Buffalo River
sediment extract, that induced liver neoplasms and other lesions in three of the fish. Grady et al.
(1992a) exposed juvenile Brown Bullhead to “industrially contaminated” whole sediment
collected from several industrial sites in the Great Lakes region for a period of 28d. The
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researchers then fed a subset of these fish a diet of trout pellets augmented with the synthetic
PAH-like compound -napthoflavone (BNF). No adverse effects were reported from the whole
sediment exposure. Fish fed BNF treated pellets, however, developed “profound and
unexpected” external lesions (i.e., fin erosion and swollen gills) and reduced body weight
regardless of prior sediment exposure condition (Grady et al., 1992a: 7). Stoker et al. (1985)
exposed both Rainbow Trout and Brown Bullhead (N=22; 1 specimen per treatment condition)
to three fractions of a solvent-refined coal heavy distillate and sediment extract from the Black
River, with one fraction of each containing PAHs. Following a 16-hour exposure period, liver and
gill tissue in Brown Bullhead displayed various cytopathic responses to the coal-distillate PAH
fraction and hepatic (but not gill) pathology in response to the Black River fraction. No
neoplastic or pre-neoplastic lesions were observed. The authors found Rainbow Trout to be the
more sensitive of the two species as an indicator of environmental pollution. These experimental
investigations provided evidence that PAHs and other anthropogenic environmental carcinogens
were capable of inducing neoplasia in Brown Bullhead under laboratory conditions.

Field Studies
Studies supporting the PAH hypothesis
Neoplasia in Brown Bullhead has been widely reported in the Great Lakes basin and
elsewhere. Harshbarger et al. (1984) reported that one-third of Brown Bullhead collected from the
industrially polluted Black River near Lorain, OH had neoplasms of the skin, liver, or both.
Neoplasms were hypothesized to have been caused by exposure to 26 various PAH compounds in
the sediment. Smith et al. (1994) compared the Black River (Lorain, Ohio) and Cuyahoga River
(Cleveland, Ohio), two Lake Erie tributaries known to have contaminated sediment and bullhead
populations with an elevated incidence of liver lesions and various external abnormalities, with
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the relatively unpolluted Huron River (Huron, Ohio). Sediment samples and Brown Bullhead
were collected from all three sites between 1986 and 1987. The Cuyahoga River sediment had
higher levels of total metals, total PAHs, and the PAHs chrysene, benzo(b,k)fluoranthene,
ideno(1,2,3- cd)pyrene, benzo(a)pyrene, and dibenz(a,h)anthracene. Total PAHs in the Cuyahoga
River sediment were seven-times higher than that of the Black River and 56-times higher than
that of the Huron River. Grossly observed external abnormalities were found to be significantly
(p<0.05) higher in the Black (53%) and Cuyahoga (74%) River Brown Bullhead than in those
from the Huron River (14%). Brown Bullhead from the Black River (35%) were also found to
have a significantly (p<0.05) greater prevalence of confirmed neoplastic liver neoplasms.
In a longitudinal study of the Black River, a tributary of Lake Erie in Lorain County,
Ohio, Baumann and Harshbarger (1995) reported that liver neoplasm rates in Brown Bullhead,
tissue PAH concentrations, and sediment PAH concentrations simultaneously and dramatically
plummeted following the closure of an adjacent coking facility on the river in 1983. Baumann
and Harshbarger (1998:222) viewed these patterns as support for a “cause-effect hypothesis” of
PAH exposure and the development of liver cancer in Brown Bullhead.
Pinkney et al. (2001, 2004a, 2004b, 2005, 2009) have similarly investigated neoplasm
epizootics in Brown Bullhead in tributaries to the Chesapeake Bay region (see Pinkney et al.,
2009 for a review). Using both neoplasms and various biomarkers as response variables, Pinkney
et al. (2009) found a relationship between sediment PAH concentrations and liver and
orocutaneous neoplasms in Brown Bullhead in the Back River (2004a) and, in particular, the
Anacostia River (2004b), and evidence for a relationship between liver neoplasms and PAHs in
Furnace Creek (2004a). Pinkney and Harshbarger (2005), however, found highly elevated
incidences of skin neoplasms (53%) and liver neoplasms (20%) in Brown Bullhead in the South
River—a tributary of the Chesapeake Bay near Annapolis Maryland with total PAH levels (2.2

6
ppm) similar to the Tuckahoe River (1.8 ppm)—a reference site used by Pinkney et al. for
comparison to PAH-contaminated tributaries throughout the Chesapeake Bay.

Studies failing to support the PAH hypothesis
In contrast to the evidence suggesting an association between PAH-contaminated
sediment exposure and neoplasia in Brown Bullhead, a number of investigators have reported
elevated incidences of tumors and other lesions in this species from uncontaminated sites. Poulet
et al. (1994) examined 17 waterbodies in New York State and failed to find a consistent
relationship between the presence of chemical carcinogens and orocutaneous neoplasms in Brown
Bullhead. These authors noted that orocutaneous neoplasms appear to be the leading neoplastic
pathologic condition of wild Brown Bullhead populations. Spitsbergen and Wolfe (1995)
similarly failed to find a relationship between hepatic neoplasia and environmental contamination
in nine New York State waterbodies, speculating that liver neoplasms in these fish may instead be
caused by naturally occurring carcinogens such as nitrosamines or radon gas. Several studies find
inconsistent associations between PAH levels and Brown Bullhead tumors (c.f., Pinkney and
Harshbarger, 2005, discussed above).
Moreover, the conclusions postulated by studies that report a positive relationship (true
correlations are rarely reported) between sediment PAH levels and tumors in Brown Bullhead are
not always supported by the evidence when carefully reviewed. As a notable (but not the only)
example, Smith et al. (1994) found higher incidence rates of various deformities in Brown
Bullhead in contaminated versus non-contaminated sites. The prevalence of neoplastic and
preneoplastic liver neoplasms in Cuyahoga River Brown Bullhead (total sediment PAH
concentrations 34.4-91.6 μg/g), however, was essentially the same as the Black River population
(total sediment PAHs 3.57-4.4 μg/g).
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Limitations to the Brown Bullhead Model
There are several caveats to utilizing Brown Bullhead as a bioindicator of environmental
contamination. First, the hypothesis that environmental carcinogens cause neoplasia in Brown
Bullhead is derived largely from correlative field studies and, as discussed above, the results of
these studies are in conflict. Second, the relatively few experimental investigations that suggest
that neoplasia can be chemically induced in Brown Bullhead (and other aquatic organisms) are of
limited utility due to the artificial conditions required for laboratory control. For example,
researchers typically used either highly concentrated sediment extracts applied directly to
epidermal tissue (e.g., Black, 1983a, b; Black et al., 1985) or food pellets spiked with suspected
carcinogens (e.g., Grady et al., 1992a) in a manner that would not actually occur in nature. Third,
these laboratory studies fail to consider the bioavailability or the complex antagonistic and
synergistic effects of the chemical cocktails to which fishes are actually exposed in the
environment (Ehlers and Luthy, 2003; Malins et al., 1988). It could be argued that the majority
of experimental laboratory investigations do little more than prove that known or suspected
carcinogens can, in fact, induce cancer under laboratory conditions not that they actually do so in
the environment . Fourth, there are clear differences between fish species in their response to
environmental carcinogens and results from one species can therefore not be directly extrapolated
to another (Aas et al., 2001; Hylland, 2006, Logan, 2007). Finally, serious methodological
problems are associated with much of the foundational literature linking carcinogens (especially
PAHs) to neoplasia in Brown Bullhead (Chapter 2).
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An Investigation into Neoplasia in Brown Bullhead
Given the conflicting nature of field investigations into the relationship between exposure
to environmental contaminants and neoplasia in Brown Bullhead, and the limited experimental
investigations conducted to date, several researchers have called for additional controlled
experiments to investigate the causal relationship between environmental contaminants and
neoplasia in Brown Bullhead (e.g., Bunton, 1996; Hylland, 2006; Malins et al., 1988; Mix, 1986).
Mix (1986), in a critical review of the literature linking cancerous diseases in aquatic organisms
to environmental contaminants, further notes that much of the foundational literature linking
environmental contaminants to the neoplasm phenomenon in Brown Bullhead is highly flawed
and of questionable value. This study seeks to better understand the relationship between
sediment exposure and the development of neoplasia in Brown Bullhead.

Chapter 2

Experimental Exposure of Brown Bullhead to Industrially Contaminated
Sediment

Introduction
The majority of investigations of neoplasia in Brown Bullhead have been correlative field
studies and the results of these investigations are not congruent (Chapter 1). Several researchers
(e.g., Bunton, 1996; Hylland, 2006; Malins et al., 1988; Mix, 1986) have called for experimental
investigations to better define the causal relationships between environmental contaminants and
the tumor phenomenon. To my knowledge, the only experimental exposure of Brown Bullhead
to contaminated sediment was a short-term study conducted by Grady et al. (1992a, b). Grady et
al. (1992a, b) exposed juvenile Brown Bullhead to “industrially contaminated” whole sediment
collected from several industrial sites in the Great Lakes region for a period of 28d. The
researchers then fed a subset of these fish a diet of trout pellets augmented with the synthetic
PAH -like compound ß-napthoflavone (BNF). No adverse effects were reported from the whole
sediment exposure. Fish fed BNF treated pellets, however, developed “profound and
unexpected” external lesions (i.e., fin erosion and swollen gills) and reduced body weight
regardless of prior sediment exposure condition (Grady et al., 1992b:7).
The purpose of this study was to conduct an experimental investigation into the
relationship between exposure to sediment known to contain anthropogenic contaminants and
neoplasia in Brown Bullhead. A laboratory microcosm approach was used to expose Brown
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Bullhead to contaminated whole sediment. Given that it may take years for neoplasms to develop
following carcinogen exposure (Iwanowicz et al., 2009), I utilized various biomarkers of earlystage neoplasia as dependent response variables as described below.

Methods

Experimental Specimens
I obtained juvenile Brown Bullhead (N=66; 63-143 mm total length) from ponds on the
property of the United States Geological Survey’s Leetown Science Center in Kearneysville,
West Virginia on 4 December 2008 and transferred them to a 1514 L circular tank with
recirculating dechlorinated water at the Tom Ridge Environmental Center (TREC) in Erie,
Pennsylvania. These specimens were the progeny of past research stock (N=500) originally
obtained from South Creek in Aurora, North Carolina in the summer of 2004 (Iwanowicz et al.
2009). This source population was originally selected due to the absence of documented liver
and/or orocutaneous neoplasia (Iwanowicz, personal communication). Specimens were
acclimated for 68 d prior to random assignment to experimental conditions. As a scaleless
species, baseline age determination was not possible without injuring the specimens. I calculated
age post hoc at the termination of the experiment, however, by removing and aging lapillar
otoliths from all specimens.
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Sediment
I collected sediment from Presque Isle Bay, Erie County, PA and Canadohta Lake,
Crawford County, PA using a stainless steel Van Veen grab sampler. Past sediment sampling
(e.g., PADEP, 2006a) had revealed Presque Isle Bay sediment to be contaminated by moderate
levels of heavy metals and organic compounds including PAHs. No prior data were available on
the sediment quality of Canadohta Lake although past bullhead samplings had consistently
revealed a healthy population with low levels of neoplasms and other deformities (Grazio,
unpublished data). I consulted past sampling results in an effort to obtain the most highly
contaminated sediment possible from Presque Isle Bay. I collected equal volumes of sediment
from one “shallow” site (mouth of Mill Creek; approximately 1.2 m) and one “deep” site (near
center of bay; approximately 7.6 m) known from past samplings to contain elevated levels of
PAHs, homogenized the sediment into a single sample, and transferred the homogenized
sediment to polyethylene storage containers. I selected matching “shallow” and “deep” sites (in
terms of water depth) from Canadohta Lake and similarly homogenized the sediment into a single
sample. I placed a subsample of sediment from each site into a 500 ml amber glass container and
sent the sample to the Department of Environmental Protection’s laboratory in Harrisburg,
Pennsylvania for analysis of metals and a suite of semi-volatile organic compounds. I stored the
remainder of the sediment at 4 °C prior to use in the exposure study. I collected sediment again
from each of the aquaria subsequent to the termination of the experiment, composited and
homogenized the sediment according to condition, and re-analyzed (Table 2-1).
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Experimental Design
I added equal volumes of sediment to 14, 75.7 L aquaria (30.5 cm x 61 cm x 40.6 cm) to
a depth of approximately 10 cm and filled the aquaria to within approximately 3 cm of the top
with 51.0 L of dechlorinated water. Seven aquaria were filled with sediment from Presque Isle
Bay (“high” contaminant condition) and seven with sediment from Canadohta Lake (“low”
contaminant condition). I filled two additional aquaria with dechlorinated water only to serve as
experimental controls. I added sponge filters with aerators to all aquaria. The aerators were
powered using two Super Luft Model SL38 air pumps. I randomly assigned numbers ranging
from 1-16 to the aquaria and placed them in numerical order on shelving in the TREC Aquatics
Lab, resulting in a completely randomized experimental design. No identifying markings were
placed on the tanks other than the assigned number in order to keep research assistants “blind”
with respect to treatment condition. The design matrix is depicted below as Figure 2-1.

Low

Low

High

High

N=4

N=4

N=4

N=4

Low

High

Low

High

N=4

N=4

N=4
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High

Low

High

Low

N=4

N=4

N=4

N=4

High

Low

Water

Water

N=4

N=4

N=5

N=5

Figure 2-1. Experimental Design. Low=Low Contaminant sediment from Canadohta Lake.
High=High Contaminant sediment form Presque Isle Bay. Water= Dechlorinated water only. The number of
specimens assigned to each experimental unit is indicated.
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I randomly assigned Brown Bullhead (N=56) to either the High Contaminant (Presque
Isle Bay sediment), Low Contaminant (Canadohta Lake sediment), or Water-Only control
conditions on 10 February 2009. I assessed specimen health, total length, and weight prior to
assignment following the methods in Rafferty and Grazio (2006). Briefly, fish were examined for
the presence of raised skin lesions, raised mouth lesions, barbel abnormalities, melanistic
pigmentation, fin erosion, ulcers, wounds, and eye abnormalities. Abnormalities were
documented on a standardized fish health data sheet (Appendix B) and rated on a relative severity
scale from 0 (not present) to 3 (severe condition). In order to evenly match the biomass of Brown
Bullhead assigned each sediment condition, I sequentially assigned the specimens to each
aquarium beginning with the smallest (based on total length) and ending with the largest
specimens. I randomly assigned the remaining largest Brown Bullhead (N=10) to the two wateronly control conditions.
I fed Brown Bullhead sinking shrimp and plankton pellets (Aquadine Nutritional System
# 770) at a rate of 1% of body weight per day. Food pellets were not tested for contaminant
levels. However, the same food pellets and ratios were used for all treatment levels and any
effects of food were distributed across conditions. I monitored dissolved oxygen, pH,
conductivity, and temperature regularly using a YSI 556 multi-parameter meter. I cleaned
aquaria on a weekly basis by scraping the walls with a squeegee. I rinsed the squeegee in
dechlorinated water between individual tank cleanings to avoid cross contamination. I added
dechlorinated water to the aquaria on a weekly basis in order to maintain the original volume of
water. In order to minimize sediment loss during cleaning, I gently brushed away sediment from
the sponge filters and allowed it to settle back into the tank. I replaced airstones when indicated
by assessment of dissolved oxygen levels and observation of airstone performance. I collected all
Brown Bullhead from each aquarium on 28 May 2009, 13 August 2009, 10 March 2010, and 20
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August 2010 and weighed, measured, and grossly examined them according to Rafferty and
Grazio (2006). On 13 August 2009 and 10 March 2010, I also sacrificed the heaviest Brown
Bullhead from each tank by anesthetizing the specimen in solution of MS-222 (Tricane
Methanesulfonate, Argent Chemical Laboratories, Redmond, Washington) and severing the
vertebral column immediately caudal to the head in accordance with the Pennsylvania
Department of Environmental Protection’s Standardized Biological Field Collection and
Laboratory Methods (PADEP, 2006b). I then excised the liver along with attached gall bladders
and grossly examined the organ for the presence of lesions and parasites. Gall bladders were then
excised from the liver, discarded, and the hepatic tissue was weighed. I then dissected hepatic
tissue for subsequent histopathological analysis and analysis of DNA adducts. I preserved
histopathology samples in 10% neutral buffered formalin and archived them for future analysis. I
placed DNA adduct samples in cryovials, flash froze the vials in liquid nitrogen, and then
transferred cryovials to a -80˚C freezer for future analysis. Lapillar otoliths were collected and
stored in labeled coin envelopes for future specimen aging. I returned all bullhead not subjected
to necropsy to their respective aquaria unharmed.
I terminated the experiment on 20 August 2010 after 556 days of exposure at which point
all remaining specimens were necropsied as above. In order to determine changes in sediment
chemistry over the course of the experiment, I collected equal volumes of sediment from each of
the Presque Isle Bay and Canadohta Lake tanks following the termination of the experiment,
composited and homogenized the sediment by condition, and resubmitted the sediment for
chemical analysis as described above.
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Dependent Response Measures

Hepatosomatic Index (HSI)
Pinkney et al. (2001, 2004a) identified hepatosomatic index (HSI) as a significant risk
factor for both preneoplastic and neoplastic liver lesions in Brown Bullheads. Therefore, I
weighed all livers and calculated the HSI for each specimen by dividing the wet liver weight by
the wet body weight.

DNA Adducts
The covalent binding of environmental carcinogens (or their metabolites) is viewed as the
essential first step in the initiation of chemical carcinogenesis (French et al., 1996). Sikka et al.
(1990) found that DNA adducts formed in liver of Brown Bullhead experimentally exposed to the
PAH Benzo(a)pyrene while Dunn et al. (1987) found DNA adducts in feral bullhead from
contaminated sites in the Great Lakes but not in aquaria-raised controls. Thus, in order to detect
the earliest possible onset of carcinogenesis, I employed highly sensitive DNA adduct assays to
detect the binding of the initiating carcinogen with hepatocellular DNA.
DNA adduct analyses were conducted at the Texas A&M University’s Center for Cancer
and Stem Cell Biology using the nuclease P1-enhanced bisphosphate version of the 32Ppostlabeling method (Reddy and Randerath, 1986). In this six-step procedure, DNA is first
extracted from the liver, enzymatically digested to 3'-phosphorylated normal and adducted
mononucleotides, adducts are enriched with nuclease P1 (which selectively degrades nonadducted nucleotides), and quantitatively 32P-labeled at their 5'-hydroxyl groups by T4
polynucleotide kinase-catalyzed [32P]phosphate transfer from [γ-32P]ATP. 32P-labeled derivatives
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are resolved and separated by Thin Layer Chromatography, detected by autoradiography, and
quantified via storage phosphor imaging.
Autoradiographs were first qualitatively examined for the ubiquitous “diagonal
radioactive zone” characteristic of bulky covalent DNA adducts (Aas et al., 2001; Dunn et al.,
1987; French et al., 1996). Quantitative analyses were conducted by first determining
radioactivities of TLC fractions from individual bullhead with the aid of a Hewlett Packard
InstantImager. The extent of covalent DNA adducts was estimated by calculating Relative
Adduct Labeling (RAL) values from sample count rates, the amount of DNA assayed (expressed
as pmol DNA monomer units or DNA-P), and the specific activity of [γ-32P]ATP according to
Reddy and Randerath (1986).

DNA adduct(s) [cpm]
RAL = ------------------------------------------------------Total Nucleotides [cpm]

Reichert and French (1994) provide a thorough overview of the method as currently
employed.

Histopathology Methods
Histopathological analyses were conducted to detect neoplastic and/or pre-neoplastic
lesions that would not yet be visible to the naked eye. I sent all preserved tissue samples to the
United States Geological Survey’s Leetown Science Center for histopathological analysis by Dr.
Vicki Blazer. Histopathological analyses were conducted in accordance with Blazer et al. (2009a,
b). Briefly, technicians trimmed the fixed tissue samples, placed the trimmed tissue in cassettes,
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and processed the samples through a series of alcohols prior to embedding the tissues into
paraffin. Paraffin blocks were sectioned at 5 micrometers (μm), placed on microscope slides, and
stained with hematoxylin and eosin. Dr. Blazer examined the prepared tissue for microscopic
lesions. In accordance with Blazer et al. (2006), the following lesions were diagnosed as liver
neoplasms: hepatocellular adenoma, hepatocellular carcinoma, cholangioma, and
cholangiocarcinoma. The following orocutaneous lesions were diagnosed as neoplasms:
papilloma, melanoma, and squamous cell carcinoma.

Aging Methods
Otoliths were prepared according to methods modified from Koch and Quist (2007).
Briefly, a single lapillus was embedded in a microcentrifuge tube cap filled with modeling clay
and the tapered ends removed to create a cylinder. The vial was then filled using the Epoxicure®
brand of resin and hardener. The plastic case was then removed and the otoliths sectioned at
approximately 0.64 mm thickness using an Isomet low speed saw. Sections were read under
transmitted light using a stereo dissecting microscope.

Data Analyses
I conducted statistical analyses of the data using the open-source statistical package R (R
Development Core Team, 2010). In consideration of potential random effects of the individual
microcosms used in the experiment, data were analyzed using mixed model ANOVA treating the
individual microcosms as the random effect variable and treatment condition as the fixed effect
variable. Post hoc comparisons were conducted via the Tukey HSD procedure.
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Results

Sediment Analyses
Presque Isle Bay and Canadohta Lake sediment differed in terms of solids and moisture
content, with the former being comprised of a greater proportion of solids and the latter having
greater moisture content (Table 2-1). While particle size analysis was not conducted, Presque Isle
Bay sediment had visibly higher levels of sand as a result of contributions from the shallow Mill
Creek site while the shallow Canadohta Lake sample had a higher proportion of woody detritus.
The deeper sediment samples from both waterbodies were dominated by organic muck.
Presque Isle Bay sediment had higher levels of 10 of 13 detectable chemical compounds
at the inception of the experiment (Table 2-1). Most notably, the PAHs chrysene,
benzo(b)fluoranthene, pyrene, benz(a)anthracene, phenanthrene, benzo(g,h,i)perylene,
benzo(a)pyrene, and fluoranthene were all present in Presque Isle Bay sediment. The total
concentration of detected PAHs was 19.41 mg/kg and individual PAH compounds exceeded
Probable Effects Concentrations (PECs)--the level above which harmful effects are likely to be
observed (MacDonald et al., 2000). The only PAH detected in the Canadohta Lake sediment was
benzo (a) pyrene. This chemical was present at low levels comparable to those found in Presque
Isle Bay (1.54 v. 1.49 mg/kg, respectively). Arsenic levels were over three times higher in the
Canadohta Lake sediment (31.0 mg/kg v. 9.55 mg/kg, respectively) but did not exceed the PEC.
Sediment PAH levels were again analyzed after the termination of the experiment in
order to better understand losses of or changes in these compounds over the course of the
experiment. In general, sediment PAH composition in both treatment conditions remained
remarkably consistent over time. With respect to Presque Isle Bay sediment, benzo (g, h, i)
perylene was present at low levels (1.17 mg/kg) in the initial sample but was not detected in the
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post-exposure sample. Benzo (k) fluoranthene was not detected in the initial sample but was
found at a level of 2.18 mg/kg in the post-exposure sample.

Table 2-1. Sediment chemistry at initiation (t0) and termination (t1) of experiment. PEC based on
MacDonald et al. 2000. Results reported as mg/kg unless otherwise noted. N/A= Not Available. ND= Not
detected during analysis. The “-“ symbol means the test was not conducted.

Analyte

MOISTURE
SOLIDS
Co, dry wt.
Cd, dry wt.
As, dry wt.
Ni, dry wt.
Pb, dry wt.
Chrysene
Benzo(b)
fluoranthene
Benzo(k)
fluoranthene
Pyrene
Benz(a)
anthracene
Phenanthrene
Benzo(g,h,i)
perylene
Benzo(a)
pyrene
Fluoranthene

Method
Detection
Limit
(mg/kg)

Probable
Effects
Concentration
(mg/kg)

Presque
Isle Bay
t0

Presque
Isle Bay
t1

Canadohta
Lake
t0

Canadohta
Lake
t1

0
0
-

0.254
0.324

N/A
N/A
N/A
4.98
33
48.6
128
1.29
N/A

55.30 %
44.70 %
9.20
2.56
9.55
N/A
66.8
2.15
4.24

1.75
2.90

84.01 %
15.99 %
ND
ND
31.0
26.8
56.2
ND
ND

ND
ND

0.437

N/A

ND

2.18

ND

ND

0.649
0.367

1.52
1.05

3.15
1.86

3.04
1.45

ND
ND

ND
ND

0.268
0.268

1.17
N/A

1.52
1.17

1.70
ND

ND
ND

ND
ND

0.324

1.45

1.49

1.51

1.54

ND

0.353

2.23

3.83

3.61

ND

ND

19.41

18.14

1.54

0

Sum of detected
PAHs

Assessment of Brown Bullhead
Specimens assigned to different treatments differed in total lengths (F2, 66=19.22, p<0.05)
and weights (F2, 66=30.21, p<0.05, respectively) at the initiation of the experiment. Tukey’s HSD
post hoc tests confirmed that there were no significant differences (p>0.05) between specimens
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assigned to the Presque Isle Bay and Canadohta Lake sediment conditions in terms of mean total
length (100.86 +2.27 mm v. 99.36 +2.82 mm, respectively), mean weight (11.55 +2.27 g v. 11.55
+2.82 g , respectively) or condition factor (K=1.07 + 0.02 v. 1.09 +0.02). Specimens assigned to
the water-only control condition were, by experimental design, both longer (127 + 1.51 mm) and
heavier (23.07 + 0.84 g) than the specimens in either of the sediment-containing conditions.
Mean condition factor of the water control specimens, however, was not significantly greater than
in the sediment conditions (K=1.17 +0.02, F2, 66= 1.29, p>0.05).
Brown Bullhead were aged following the termination of the experiment. Specimen ages
at the start of the experiment were calculated by subtracting 556 days from the obtained ages.
Bullhead assigned to the Canadohta Lake and Presque Isle conditions averaged 1.04 + 0.11 and
1.04 +0.07, respectively) years of age at the inception of the experiment while bullhead assigned
to the water-only control condition averaged 1.14 + 0.17 years. There was no significant
difference in ages (F 2, 66= 1.08, p >0.05).

Behavioral Observations
Turbid conditions in the aquaria made ethological observations challenging in the
sediment-containing tanks (Figure 2-2). In general, specimens spent the majority of time in close
contact with or buried in the tank sediment. Brown Bullhead exhibited a vigorous feeding
response after several days of acclimation to experimental conditions and were observed to
actively root in the tank sediment for sunken food pellets. Brown Bullhead appeared to become
habituated to daily feeding regimes over time and actively patrolled their aquaria near the front
glass in the presence of researchers. Eight specimens died prior to the termination of the
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experiment as described below. No specimens displayed obvious signs of morbidity (e.g.
lethargy or erratic swimming) prior to death.

Figure 2-2. Whole sediment exposure experiment in progress.

Gross observation of lesions and deformities
10 February 2009
I found specimens to be in good condition and free of abnormalities with the following
exceptions (Table 2-2). A small white cyst was present above the right eye of a specimen
assigned to Tank 5 (Figure 2-3). One specimen assigned to Tank 6 had a small black spot on the
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left caudal peduncle and another had a red lesion on the lower lip. One specimen assigned to
Tank 7 had a small red lesion on the right side of the body. One specimen assigned to Tank 9
was notably thin (K=0.952). One specimen assigned to Tank 12 had a split caudal fin. One
specimen assigned to Tank 15 had a small wound to the caudal fin. One specimen assigned to
Tank 16 had a small black spot on the head, another had a small black spot on the left side of the
body, and a third specimen had a split caudal fin.

Figure 2-3. Cyst above left eye in specimen assigned to the Canadohta Lake sediment condition.

28 May 2009
I observed hemorrhaging near the insertion of the pectoral fins of several specimens in
tanks containing both Presque Isle Bay and Canadohta Lake sediment. Either left or right nasal
barbels were also found to be missing on three Canadohta Lake specimens and one Presque Isle
Bay specimen. An additional Presque Isle Bay specimen developed a forked left nasal barbel.
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Small areas of atypical dark pigmentation were found on a single specimen each in the Presque
Isle Bay, Canadohta Lake, and water-only control conditions. The cyst above the right eye on the
specimen in Tank 5 persisted and the fish was notably smaller than others in the tank. One
Canadohta Lake specimen in Tank 10 developed a small, red raised lesion on its lateral aspect
near the dorsal fin. This lesion had the appearance of an infected sore.
13 August 2009
The majority of lesions noted during the 28 May observations persisted with the
following exceptions. Most of the hemorrhaging noted during the 28 May observation was no
longer present. Two specimens in each of the sediment conditions had developed small ulcers
(<1mm diameter) on their sides posterior to the insertion of the pectoral fins (Figure 2-4).
New black pigmentation appeared on the left nasal barbel of one Presque Isle Bay
specimen but was lost from one of the water-only control fish. The raised red lesion on the Tank
10 specimen was no longer present, and some regrowth of missing or shortened nasal barbels was
noted on two fish. No grossly visible raised lesions suggestive of hyperplasia or neoplasia were
noted. The largest specimen in each tank was necropsied on this date. Gross visual observation
results are summarized in Table 2-2.
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Figure 2-4. Small ulcers on a bullhead assigned to the Presque Isle Bay sediment condition.

10 March 2010
The three remaining specimens in Tank 15 (water-only control) died in September 2009.
The condition of many specimens in both sediment conditions deteriorated since the last
observations. One specimen in Tank 6 (Presque Isle Bay) developed a spinal deformity. Two
additional Presque Isle Bay specimens displayed a slight increase in melanistic pigmentation in
the maxillary barbels and an additional specimen developed a small white cyst above its right eye.
One specimen in Tank 5 (Canadohta Lake) developed a raised red lesion in the vicinity of its vent
and additional small cysts appeared on the body of 2 other Canadohta Lake specimens.
Conversely, the small ulcers noted during the prior observations were no longer visible on fish in
any treatment condition.
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20 August 2010
One specimen in Tank 3 (Presque Isle Bay), one specimen in Tank 10 (Canadohta Lake)
and both remaining specimens in Tank 14 (Canadohta Lake) died since the last observations.
Several specimens in both sediment conditions were visibly stunted compared to their tank mates.
There was otherwise little change in physical condition. The experiment was terminated at this
point and all remaining specimens were euthanized and necropsied.

Table 2-2. Summary of lesions observed during the course of the experiment.

Type of Abnormality

Missing nasal barbel
Short nasal barbel
Forked nasal barbel
Dark pigmentation on barbel
Dark pigmentation on body
White cyst
Raised red lesion
Broken pectoral spine
Spinal cord deformity
Stunted
Hemorrhaging
Ulcer
Total lesions

Presque Isle Bay
sediment
specimens

Canadohta Lake
sediment
specimens

1
1
4
5
1
1

3
2

1
1
2
4
3
24

1

Water Control
sediment
specimens
2
1
3

2
2

1

3
6
2
21

7

Growth and Condition Factor
Specimens in all treatment conditions added mass and length over the course of the
experiment. Overall mean total length increased from 104.18 +1.95 mm to 157.15 + 3.35 mm
(Figure 2-5) and overall mean body mass increased nearly four-fold from 13.30 + 0.73 g to 49.59
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+ 3.06 g (Figure 2-6). There were no significant differences in length (F2, 26=1.12, p>0.05) or
weight (F2, 26=2.46, p>0.05) among conditions by the end of the experiment. No random effect of
the individual microcosms on either length or weight was found in the mixed model results
(r=0.00). Brown Bullhead in all conditions maintained a mean condition factor (K) > 1.0
throughout the experiment. The condition factor of Brown Bullhead in the water-only control
condition, however, was significantly higher than in either of the sediment conditions by the end
of the experiment (Figure 2-7; F2,26=5.14; p<0.05). No meaningful random effect of the individual
microcosms on K was found in the mixed model results (r=0.11).

Figure 2-5. Mean total body length (mm) of Brown Bullhead over time in Presque Isle Bay (open
circles), Canadohta Lake Sediment (closed circles) and Water Control (closed triangles) conditions. Bars
indicate + SE.
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Figure 2-6. Mean body weight (g) of Brown Bullhead over time in Presque Isle Bay (open circles),
Canadohta Lake Sediment (closed circles) and Water Control (closed triangles) conditions. Bars indicate + SE.
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Figure 2-7. Condition Factor (K) of Brown Bullhead over time in Presque Isle Bay (open circles),
Canadohta Lake Sediment (closed circles) and Water Control (closed triangles) conditions. Bars indicate + SE.

Necropsy and Hepatosomatic Index
Of the 58 bullhead surviving at the end of the experiment, 19 were male, 38 were female,
and the gender of one specimen was unable to be determined. Necropsy revealed that all of these
fish were sexually immature based on visual observation of gonads. Bullhead in all experimental
conditions had a heavy burden of trematode parasites in their liver tissue. White nodules were
also noted on the liver tissue of four necropsied specimens in each of the sediment conditions and
in both necropsied specimens form the water-only control tanks (Figure 2-8). The liver in one
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fish from the Presque Isle Bay sediment conditions was notably pale and soft, tearing upon
excision. The conditions of other internal organs appeared normal upon gross visual observation.
Mean HSI values ranged from 0.030 + 0.003 (sediment conditions) to 0.042 + 0.004 (water
control condition) over the course of the experiment (Figure 2-9). The mean HSI for the wateronly control fish was significantly higher than either of the sediment conditions at the termination
of the experiment (F2, 26=5.13; p<0.05; Tukey HSD post hoc comparisons). No random effect of
the individual microcosms on HSI was found.

Figure 2-8. Brown Bullhead liver with grossly visible white nodule and trematode
parasites.
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Histopathology
No raised orocutaneous lesions (putative neoplasms) developed on any of the
experimental fish. Therefore, none were available for histopathological analysis. Liver tissues
from 53 fish were examined for pathological conditions according to Blazer et al. (2006). A
single liver neoplasm (a hepatic adenoma) was diagnosed in a specimen in the Canadohta Lake
sediment condition. Two specimens from both Canadohta Lake and Presque Isle Bay sediment
conditions developed altered hepatocellular foci (potentially pre-neoplastic lesions). Livers from
all specimens were found to be heavily parasitized by trematodes. There was no difference,
however, among conditions with respect to parasite levels, cellular inflammation, cellular
necrosis, or fibrosis.

0.05
0.045

Hepatosomatic Index

0.04
0.035
0.03
0.025
0.02
0.015
0.01
0.005
0
8/13/2009

3/10/2010

8/20/2010

Date
Figure 2-9. Hepatosomatic Index over time in Presque Isle Bay (open circles), Canadohta Lake Control Sediment (closed
circles) and Water Control (closed triangles) conditions. Bars indicate + SE.
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DNA Adducts
DNA adducts were detected in each specimen assayed. The adducts appeared as polar,
fast-moving adducts in autoradiograms (Figure 2-10), which are not typical of carcinogen-DNA
adducts (G. Zhou, personal communication, April 2012). There were no qualitative or
quantitative differences in the adducts formed among treatment conditions. There were also no
significant differences in Relative Adduct Labeling (RAL) values among conditions (Figure 2-11,
F2, 58= 0.274; p>0.05). RALs in all conditions were significantly higher at the termination of the
experiment on 20 August 2010 than on 13 August 2009 or 10 March 2010 (Figure 2-12; F2,
58=20.83,

p<0.05; Tukey HSD post hoc comparisons). No random effect of the individual

microcosms on RAL values was found in the mixed model results (r=0.00).

Figure 2-10. Representative autoradiograms of polar DNA adducts in liver of experimental Brown
Bullhead from this study. A) specimen sacrificed 8/13/2009 B) specimen sacrificed 3/10/2010 C) specimen
sacrificed 8/20/2010. The Diagonal Radioactive Zone (DRZ) characteristic of PAH-DNA adducts is lacking in
each of these images.

A

B

C
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Figure 2-11. Mean Relative Adduct Labelling (RAL) values among conditions. Error Bars are + SE.
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Figure 2-12. Mean Relative Adduct Labelling (RAL) over time. Error Bars are + SE.

Discussion
Sediment analyses revealed that Presque Isle Bay sediment had higher (i.e., detectable)
concentrations of seven of eight detected PAHs than did sediment from Canadohta Lake. The
exception was benzo (a) pyrene, which is a known carcinogen (Grady et al., 1992b); both sites
had levels in the 1.5 mg/kg range. It is noteworthy that all PAH compounds, when detected,
exceeded PECs (MacDonald et al., 2000). None of the metal results exceeded PECs, although
Canadohta Lake arsenic levels (31.0 mg/kg) approached the 33.0 mg/kg threshold. In general,
sediment chemistry analyses confirmed that Presque Isle Bay sediment is contaminated with
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moderate levels of PAHs and that Canadohta Lake sediment had lower levels of the tested
chemicals.
The 556-d exposure to Presque Isle Bay sediment had no grossly visible adverse effects
on Brown Bullhead. Unlike the 28-d exposure study by Grady et al. (1992a), no gill
inflammation was documented, although the prior study followed whole-sediment exposure with
BNF dosing. None of the bullhead developed raised external lesions suggestive of hyperplasms
or neoplasms. A single specimen assigned to the Canadohta Lake (Low Contaminant) condition
was found to have a liver neoplasm, and livers of specimens in all conditions had a heavy parasite
burden.
Biometrics of growth and condition factor were similarly unremarkable. Bullhead in all
experimental conditions appeared to thrive throughout the first 184 days of the experiment based
on increases in both total length and body weight. The general condition factor (K) indicated that
fish were robust and able to add adequate biomass under all experimental conditions. The
relative decrease in K in bullhead in the water-only controls on 28 May 2009 was unexpected, but
may have been related to stress related to the inability to burrow into sediment for cover. Still, no
significant differences (p>.05) were found among experimental conditions in terms of total length
or body weight.
Hepatosomatic index (HSI) values in the present study are within ranges reported by
other investigators. Baumann et al. (1991) reported a mean HSI for Brown Bullheads ranging
from 0.020 – 0.022 in sites where no liver tumors of Brown Bullheads were detected (Menominee
River and Fox River, respectively) to 0.026 from two sites with elevated liver tumor rates
(Cuyahoga River and Munuscong Lake). Fabacher and Baumann (1985) reported HSI values of
0.047 for male and 0.057 for female bullheads from the Black River (a contaminated site)
compared with 0.017 to 0.027 in fish from uncontaminated locations. In general, surveys have
found the incidence of tumors to be positively correlated with HSI values although this
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relationship is not universal (Pinkney et al., 2004b). The relatively large HSI values in this study
may reflect the notable trematode biomass parasitizing the bullhead livers. The presence of
trematode parasites in the water-only controls (which had the highest HSI score at the end of the
experiment) suggests that the fish were infected with parasites prior to the initiation of the
experiment. In any case, there were no significant differences in HSI values among conditions.
Biomarkers of early-stage carcinogenesis (histopathology and DNA adducts) were
negative. A single neoplastic lesion (a hepatic adenoma) was found on a single specimen
assigned to the Canadohta Lake sediment condition. The white liver nodules noted during
necropsy were determined to be encysted trematode parasites upon histopathological examination
and there was no difference in this parasite burden among treatment conditions. CarcinogenDNA adducts universally form a diagonal radioactive band or spotting pattern (Figure 2-13 A-D).
No PAH-DNA adducts formed in any experimental condition, providing further evidence that the
PAH carcinogens present in Presque Isle Sediment are not bioavailable to bullhead. Low levels
of polar DNA adducts were detected in fish upon termination of the experiment but, again, there
was no difference among conditions.
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Figure 2-13. Representative autoradiograms of liver PAH-DNA adducts
in liver tissue of Brown Bullhead in the Chesapeake Bay. The Diagonal
Radioactive Zone (DRZ) that typifies PAH-DNA adducts is visible to lesser or
greater degrees in each image. Bullhead were collected from the following
locations: A-B) Anacostia River, C) South River D) Choptank River. Based on
Pinkney et al., 2011. Used by permission.

It is important to acknowledge the limitations of this research and temper inferences
accordingly. While this study represents the longest reported experimental exposure of Brown
Bullhead to contaminated whole sediment, the lack of external neoplasms could simply reflect
insufficient exposure duration or missing a critical window for the exposure of juvenile Brown
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Bullhead. Carcinogenesis in fishes, as in mammals, in widely conceptualized as a multi-stage
process involving initiation, promotion, and progression (Baumann and Okihiro, 2000; Groff,
2004). Therefore, it is possible that additional time is needed for the manifestation of neoplasms.
It is also possible that promoting chemicals are present in the Presque Isle Bay water column that
were not present in the dechlorinated water used in the experiment. Finally, by design, the
contaminant biomagnification pathway was not formally assessed. Still, a rich oligochaete
infauna was noted in all sediment-containing tanks at the termination of the experiments and it is
probable that bullhead were ingesting these organisms in addition to the food rations provided by
the researcher. Regardless, dietary uptake of PAHs by fish is generally not very efficient and is
not thought to be the primary route of exposure (Hylland, 2006; Leadley et al., 1998; Metcalfe et
al., 1997). The above considerations notwithstanding, this work suggests that simple exposure to
Presque Isle Bay sediment is not sufficient to induce neoplasia in Brown Bullhead under the
experimental regime employed in this investigation.
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Chapter 3
Field Investigations of Neoplasms in Brown Bullhead

Introduction
Historically, researchers investigating the tumor phenomenon in Brown Bullhead have
assumed that the occurrence of neoplasms in a Brown Bullhead population above some threshold
level (e.g., a 5% incidence of liver neoplasms) is indicative of environmental degradation. This
position has occurred despite evidence being equivocal at best (Mix, 1986). The purpose of my
field investigations was to determine the prevalence of neoplasia in Brown Bullhead in Lake Erie
and northwestern Pennsylvania.

Methods

Sampling Sites
I sampled nine sites from 2002-2013. Six sites were located in Lake Erie (Dunkirk
Harbor, NY; Elk Creek, PA; Long Point Inner Bay, ON; Old Woman Creek, OH; Presque Isle
Bay, PA; and Sandusky Bay OH) and three sites (Canadohta Lake; Eaton Reservoir, and Sugar
Lake) were inland waterbodies in northwestern Pennsylvania (Table 3-1, Figure 3-1).
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Figure 3-1. Sampling locations within Lake Erie. 1—Sandusky Bay (OH), 2—Old Woman Creek (OH),
3—Elk Creek (PA), 4— Presque Isle Bay (PA), 5—Dunkirk Harbor (NY), 6—Long Point Inner Bay (Ontario),
7— Howard Eaton Reservoir (PA), 8—Canadohta Lake (PA), 9—Sugar Lake, PA
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Table 3-1. Site Locations and demographics of Brown Bullhead populations sampled. Sample means
are followed by (Standard Error).

Site

Location

Coordinates

Sampling
Years

Ntotal.

Mean
Age
(yrs.)

Mean
Total
Length
(mm)

Mean
Wt. (g)

Canadohta
Lake

Crawford
County, PA,
USA
Erie County,
NY, USA
Erie County
PA, USA

41.81393,79.838934

54

5.35
(0.26)

309.02
(4.86)

382.59
(22.01)

35

4.30
(0.27)
12.22
(0.43)

295.82
(5.73)
366.83
(3.01)

346.65
(26.78)
632.95
(16.30)

Erie County
PA, USA
Norfolk
County,
Ontario, CN

42.022805,80.374238
42.641788,80.389366

9.00
(1.75)
6.77
(0.10)

343.00
(7.78)
276.19
(1.19)

583.75
(53.08)
271.75
(5.07)

Old
Woman
Creek
Presque
Isle Bay

Erie County,
OH, USA

41.381949,82.514671

2002,
2003,
2004
2004,
2005
2002,
2003,
2004
2002,
2003
2004,
2005,
2007,
2013
2004,
2005

19

5.72
(0.71)

304.83
(9.73)

394.67
(41.04)

Erie County
PA, USA

42.122928,80.140457

284

7.10
(0.15)

328.32
(1.48)

481.17
(7.48)

Sandusky
Bay
Sugar Lake

Sandusky
County, Ohio
Crawford
County, PA,
USA

41.48029,82.7631
41.566897,79.945107

2002,
2003,
2004,
2005,
2007,
2013
2005

31

2002,
2003,
2004

60

7.57
(0.40)
6.81
(0.35)

315.57
4.00)
305.46
(3.21)

370.37
(14.21)
332.85
(12.51)

Dunkirk
Harbor
Eaton
Reservoir
Elk Creek
Long Point
Inner Bay

42.490122,79.341888
42.152873,79.775977

61

9
245
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Field Methods

Field Collections
I collected Brown Bullhead during an annual April-June index period using a
combination pulsed-DC boat electrofishing and Pennsylvania trap nets in accordance with the
Pennsylvania Department of Environmental Protection’s Standardized Biological Field Collection
and Laboratory Methods (PADEP, 2006b). From April-June, Brown Bullhead tend to congregate
in shallow water prior to spawning and are readily collected using shallow water capture gear.
This index period also facilitated the comparison of specimens of similar, pre-spawn condition. I
included Brown Bullhead of a minimum total length of 250 mm in the sample. This minimum
total length increased the likelihood that sexually mature specimens with several years of
environmental exposure would be collected for analysis (Rafferty and Grazio, 2006). I collected
a minimum of 200 specimens at each site and subsampled a minimum of 30 specimens for
histopathological analysis (below). I held all specimens in aerated holding tanks at the collection
sites prior to processing.

Field Observations
I examined Brown Bullhead for the presence of grossly observable external lesions
following Rafferty and Grazio (2006). I obtained the following data for each specimen:
collection site, collection date, capture method, weight, and total length. I examined all
specimens for the presence of grossly visible raised skin and mouth lesions, barbel deformities
(e.g., missing, forked, or clubbed barbels), abnormal pigmentation, fin erosion, and other external
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anomalies. I recorded these data on standardized field data sheets (Appendix B) and took digital
photographs to document any grossly observable raised lesions.

Necropsy Procedures
I subsampled a minimum of 30 Brown Bullhead from each site by randomly moving a
dip net through the holding tank. I examined each specimen as above prior to general necropsy. I
first placed necropsy specimens in a small tank containing a solution of MS-222 (Tricane
Methanesulfonate, Argent Chemical Laboratories, and Redmond, Washington) and anesthetized
them prior to euthanization and then severed the vertebral column immediately caudal to the
head. I observed internal organs for the presence of grossly visible pathology. I grossly
examined livers for the presence of raised lesions, nodules, focal discoloration, parasites, and
other anomalies. Following visual assessment, I carefully excised and discarded the gall bladder
from the liver. I cut the liver into five equally-spaced sections of approximately 5-7 mm
thickness and preserved the tissue in 10% neutral-buffered formalin for histopathological
analysis. I also excised any visible raised external mouth and skin lesions (i.e., putative
orocutaneous neoplasms) along with adjacent and underlying tissues and preserved in 10%
neutral-buffered formalin for analysis. Finally, I excised lapillar otoliths from their utricular
vestibules and placed in labeled coin envelopes for subsequent aging.

Laboratory Analyses

Aging
I prepared otoliths for aging analysis according to Koch and Quist (2007). Briefly, I
embedded a single lapillus in a microcentrifuge tube cap filled with modeling clay and removed
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the tapered ends of the tube to create a cylinder. I next filled the tube with Epoxicure® brand of
resin and hardener. Subsequently, I removed the plastic case and sectioned the otoliths at
approximately 0.64 mm thickness using an Isomet low speed saw. I read the otolith sections
under transmitted light using a stereo dissecting microscope.

Histopathology
I sent all preserved tissue samples to the United States Geological Survey’s Leetown
Science Center for histopathological analysis by Dr. Vicki Blazer. Histopathological analyses
were conducted in accordance with Blazer et al. (2009a, b). Briefly, technicians trimmed the
fixed tissue samples, placed the trimmed tissue in cassettes, and processed the samples through a
series of alcohols prior to embedding the tissues into paraffin. Paraffin blocks were sectioned at 5
micrometers, placed on microscope slides, and stained with hematoxylin and eosin. Dr. Blazer
examined the prepared tissue for microscopic lesions. In accordance with Blazer et al. (2006), the
following lesions were diagnosed as liver neoplasms: hepatocellular adenoma, hepatocellular
carcinoma, cholangioma, and cholangiocarcinoma. The following orocutaneous lesions were
diagnosed as neoplasms: papilloma, melanoma, and squamous cell carcinoma. For the purpose of
this chapter specimens with one or more of these types of neoplasms listed above are considered
to be positive for neoplasia.

Data Analysis
The age of Brown Bullhead has long known to be an important covariate of the
occurrence of neoplasia (Baumann et al., 1990; Pinkney et al., 2004a; Blazer et al., 2009a, b).
This relationship confounds direct comparisons of neoplasm rates among populations with
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different age demographics. One approach taken by investigators to address this problem is to
simply report mean ages of the sampled fish and allow the reader to consider the implications
(Baumann, 2010; Blazer et al., 2014). While this approach acknowledges the age-neoplasm
relationship, it does not directly address the problem. Another approach has been to directly
compare only same-age fish (e.g., Baumann and Harshbarger, 1995; Baumann and Harshbarger,
1998, Blazer et al., 2009a, b; Pinkney et al., 2001). This approach, however, tends to greatly
reduce statistical power due to the relatively small proportion of fish of any given age in a
particular sample.
More recently, logistic regression analyses have shown that tumor rates may be better
estimated as functions of important covariates such as age and length (Pinkney et al., 2009;
Rutter, 2010). Rutter (2010) proposed a statistical approach employing Bayesian hierarchical
logistic models to compare neoplasm incidences in populations of Brown Bullhead with different
demographic compositions. Briefly, Rutter (2010) employed a Bayesian hierarchical model
development approach to account for uncertainty in parameter estimates related to sampling
design (e.g., sampling across multiple years and/or at different sub-sites). Non-informative priors
were specified as Cauchy distributions and Markov chain Monte Carlo (MCMC) techniques were
employed to sample from the posterior distributions of the model parameters. A number of
proposed models were separately fit for both liver and external neoplasms using various
combinations of age, length, weight, and gender as possible covariates. The best fitting model of
those proposed was selected by choosing the model with the lowest deviance information criteria
(DIC). To facilitate comparisons across sites, tumor probabilities for the average age of Brown
Bullhead in the data set were estimated as the median of the posterior distributions (based on the
MCMC chains) and the 95% highest probability density interval (HPDI, a Bayesian analogue of a
95% confidence interval) for the parameters. The extent to which neoplasm prevalences in
Brown Bullhead were comparable among sites was estimated by adapting the frequentist
approach of testing for equivalence between two sites using a two one-sided tests (TOSTs)
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procedure (Schuirmann, 1987) to a Bayesian framework. The TOST procedure requires a higher
burden of proof relative to more familiar tests of statistical difference by testing the null
hypothesis that two means are not equivalent (Walker and Nowacki, 2011). To adapt this
frequentist approach to a Bayesian framework, Rutter (2010) determined the 90% HPDI for the
difference in neoplasm prevalence in Brown Bullhead between the two sites of interest and
compared this interval to a pre-established tolerance interval. The tolerance interval was
established by conducting two independent MCMC samples from the posterior distribution of
liver neoplasm incidence at the same study site (Presque Isle Bay), resulting in an interval
reflecting the within-site variance in liver neoplasms. To allow sites with similar, but not exact,
tumor incidences to demonstrate evidence of equivalence, 5% was added to the initial tolerance
interval estimate. Rutter (2010) used the same tolerance level for both liver and external
neoplasms.
Applying this procedure to a data set from 2002-2007 in order to determine an
appropriate reference site for Presque Isle Bay, Rutter (2010) found Long Point Inner Harbor to
have the lowest incidences of liver and orocutaneous neoplasms among the sites investigated.
When comparing average (Age 7, 300 mm TL) Brown Bullhead from Presque Isle Bay and Long
Point Inner Harbor, Rutter (2010) found evidence of statistical equivalence between the sites in
terms of Brown Bullhead liver neoplasms but not orocutaneous neoplasms.
In general, I followed the methods of Rutter (2010) when comparing sites with the
following key differences: 1) I only directly compared sites sampled during the same years and
thus omitted the hierarchical model development process 2) I evaluated evidence of statistical
differences among sites rather than statistical equivalence with the exception of the comparison
between Presque Isle Bay and Long Point Inner Harbor. Statistical equivalence as well as
statistical difference was estimated for these latter sites for consistency with Rutter (2010). 3) For
each neoplasm type, I selected the model with the lowest Akaike Information Criterion (AIC)
value (Table 3-2) rather than DIC as the best fit. This substitution is appropriate because I did not
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use MCMC simulations in the model development process and this substitution does not
ultimately alter the actual model selection decision. I repeated this model selection process for
three data sets: 1) the full set of specimens for which histopathological analyses were available, 2)
for a subset of the data comparing Presque Isle Bay to Long Point Inner Harbor and 3) for data
comparing inland to Lake Erie sites. Thus, I developed 6 separate Bayesian logistic regression
models (Table 3-3). 4) I compared differences in liver and orocutaneous neoplasm rates among
the sites using Tukey pair-wise comparisons. 5) I estimated the equivalence of Presque Isle Bay
and Long Point Inner Harbor using the Two, One-Sided Test (TOST) procedure proposed by
Rutter (2010) with the following modification. I calculated separate tolerance intervals for liver
and orocutaneous neoplasms by first creating a TOST procedure tolerance interval comparing
Presque Isle Bay to itself by generating a simulation of 10,000 randomly generated observations
from the normal distribution of these lesions in Presque Isle Bay. Simulations were generated
based on the results of the logistic regression, then back-transformed into percentages using a
logit function. To allow for similar, but not exact, tumor incidences to demonstrate evidence of
equivalence, I added 5% to both of these tolerance level estimates and rounded the result to the
nearest integer. All statistical analyses were completed using R statistical software (R
Development CoreTeam, 2010).

Results

Population Demographics
In total, I necropsied 748 Brown Bullhead in the course of these investigations or 30.4%
of the full sample. Presque Isle Bay was over-sampled relative to the other sites investigated due
to ongoing concerns related to the health of Brown Bullhead at this site. The samples sizes at
other sites were smaller, and quite small for Elk Creek, PA (N=9) and Old Woman Creek, Ohio
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(N=19). Brown Bullhead lack scales, thus I had to sacrifice them to dissect their otoliths for
aging. In addition, necropsy and histopathological analysis were necessary to definitively
diagnose liver and external lesions. Therefore, I only report the results for necropsied specimens
herein.
The mean age +SE of the necropsied specimens was 7.11 + 0.10 years with a mean total
length of 309.70 +1.30 mm and a mean weight of 398.90 + 5.66 g. The demographics of the
individual populations sampled, however, varied widely (Table 3-1). The youngest population
sampled was from Dunkirk Harbor with a mean age of 4.30 + 0.27 years. The oldest population
was found in Eaton Reservoir with a mean age of 12.22 + 0.43 years. Mean total lengths and
weights ranged from 276.19 +1.19 mm and 271.95 + 5.07 g for Brown Bullhead in Long Point
Inner Harbor to 366.83 + 3.01 mm and 632.90 + 16.30 g for Brown Bullhead in Eaton Reservoir,
respectively.

Model selection
Table 3-2. Akaike Information Criteria (AIC) for neoplasm incidence logistic regression models for
various combinations of the covariates. The lower the AIC value, the better the model fit the data. The lowest
AIC are depicted in bold type.

Covariates
Age
Age, Length
Age, Length,
Gender
Age, Gender
Age, Weight
Age, Weight,
Gender
Length
Length,
Gender
No
Covariates

Full Data Set
Liver
Skin
Neoplasms
Neoplasms
626.10
311.89
313.93
608.77
315.93
610.68

Inland v Lake Erie
Liver
Skin
Neoplasms Neoplasms
411.59
219.00
220.79
403.85
227.42
405.83

Presque Isle v Long Point
Liver
Skin
Neoplasms Neoplasms
318.64
148.35
149.92
304.14
151.17
306.00

313.99
313.58
315.56

627.88
613.02
615.02

220.81
219.16
220.71

413.25
406.47
408.45

149.83
150.35
151.81

320.60
307.25
309.20

332.62
334.04

613.43
614.98

231.92
233.88

402.99
404.90

164.91
164.82

332.15
333.17

319.54

621.55

240.01

410.82

164.17

348.38
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Gender
Weight
Weight,
Gender

348.22
339.84
341.50

667.52
622.07
623.87

241.52
237.79
239.79

432.72
408.40
410.39

169.91
167.55
167.77

374.58
337.92
339.27

For all data sets, I found the age of Brown Bullhead to be the best predictor of liver
neoplasia. I found that age and length combined predicted the probability of orocutaneous
neoplasia better than age alone for the full data set and for the subset of data comparing Presque
Isle Bay to Long Point Inner Harbor. Length predicted the probability of orocutaneous
neoplasms better than modelling age and length combined for the subset of data comparing Lake
Erie to inland sites. The resulting Bayesian logistic models are reported in Table 3-3 below.

Table 3-3. Best-fit logistic regression model parameters for each data set and neoplasm type.

Data Set
All DataLiver

All DataOrocutaneous

Coefficients:
(Intercept)
Age
Canadohta Lake
Dunkirk Harbor
Eaton Reservoir
Elk Creek
Long Point Inner Harbor
Old Woman's Creek
Sandusky Bay
Sugar Lake
(Intercept)
Age
Length
Canadohta Lake
Dunkirk Harbor
Eaton Reservoir
Elk Creek
Long Point Inner Harbor
Old Woman's Creek
Sandusky Bay
Sugar Lake

Estimate
-5.618
0.360
-1.812
-1.233
-1.178
0.103
-0.629
0.946
2.036
-1.241
-9.605
0.297
0.019
-1.616
0.653
-3.704
1.941
-0.307
-0.185
-0.473
-1.622

Std. Error
0.664
0.068
1.503
1.685
0.583
1.123
0.482
0.811
0.475
0.908
1.622
0.055
0.005
0.706
0.553
0.573
0.904
0.379
0.717
0.522
0.604
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PIBvLPIHLiver
PIBvLPIHOrocutaneous

InlandvLakeErieLiver
InlandvLakeErieOrocutaneous

(Intercept)
Age
Presque Isle Bay
(Intercept)
Age
Length
Presque Isle Bay
(Intercept)
Age
Inland Sites
(Intercept)
Length
Inland Sites

-6.469
0.389
0.720
-9.084
0.377
0.014
0.350
-5.368
0.380
-1.785
-11.478
0.032
-2.172

0.855
0.097
0.520
1.894
0.074
0.007
0.476
0.631
0.072
0.553
1.611
0.005
0.386

Neoplasm Probabilities

Estimates of Neoplasm probabilities at each site investigated
I predicted neoplasm incidences for each of the sites investigated using the full data set.
The probability of liver neoplasms (followed by 95% Credible Interval) for Age 7 bullhead
ranged from 0.73% (0.04%, 12.18%) in Canadohta Lake, an inland lake in Crawford County,
Pennsylvania to 25.65% (13.34%, 43.59%) in Sandusky Bay, an embayment on Lake Erie in
Lorain County, OH (Table 3-4). The probability of liver neoplasms for all sites and ages
investigated is depicted graphically in Figure 3-2. The probability of an orocutaneous neoplasm
ranged from 0.39% (0.11%, 1.31%) in Eaton Reservoir in Erie County, PA to 52.25% (15.74%,
86.52%) at the mouth of Elk Creek1, and embayment of Lake Erie in Erie County, PA. Estimates
of orocutaneous neoplasm probability for all sites and ages are depicted graphically in Figure 3-3.

1

N=5
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Table 3-4. Probability (in percent) of an Age 7, 300 mm Brown Bullhead having Liver or Orocutaneous
Neoplasms at each site (with 95% credible interval). Modeled data are from the entire period of record.
Locations with different letters are significantly different at α = 0.05 based on 95% Credible Intervals.

Site

Liver
Neoplasm
Estimate

Stat.
Group

Presque Isle
Bay
Canadohta
Lake
Dunkirk Harbor

4.31%

B

0.73%

A,B

1.30%

A,B

Eaton
Reservoir
Elk Creek

1.37%

B

4.76%

A,B

Long Point
Inner Harbor
Old Woman
Creek
Sandusky Bay

2.35%

B

10.40%

A,B

25.65%

A

Sugar Lake

1.29%

B

95%
Credible
Interval
(2.52%,
7.29%)
(0.04%,
12.18%)
(0.05%,
26.13%)
(0.40%,
4.55%)
(0.54%,
31.65%)
(1.07%,
5.09%)
(2.45%,
34.96%)
(13.34%,
43.59%)
(0.22%,
7.08%)

Orocutane
ous
Neoplasm
Estimate
13.58%

Stat.
Group

3.03%

A,B

23.19%

B,C

0.39%

A

52.26%

C

10.36%

B,C

11.55%

B,C

8.92%

B,C

3.01%

A,B

B,C

95% Credible
Interval

(9.15%,
19.69%)
(0.75%,
11.43%)
(9.55%,
46.31%)
(0.11%,
1.31%)
(15.74%,
86.52%)
(6.49%,
16.13%)
(3.04%,
35.22%)
(3.46%,
21.11%)
(0.96%,
9.04%)
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Figure 3-2. Probability of liver neoplasms in Brown Bullhead at selected sites in Lake Erie and
northwestern Pennsylvania.

14

52

100.00%
90.00%

Probability of a Neoplasm

80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%
0.00%
1

2

3

4

5

6

7

8

9

10

11

12

13

Age
Presque Isle Bay

Canadohta Lake

Dunkirk Harbor

Eaton Reservoir

Elk Creek

Long Point Inner Harbor

Old Woman's Creek

Sandusky Bay

Sugar Lake

Figure 3-3. Probability of orocutaneous neoplasms in Brown Bullhead at selected sites in Lake Erie
and northwestern Pennsylvania.
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Inland Pennsylvania sites v. Lake Erie sites
I pooled and compared data from inland Pennsylvania and Lake Erie sites for the period
during which both of these site categories were sampled. Liver and orocutaneous neoplasm
incidences were predicted for each of these categories using data from the period 2002-2005. I
estimated the probability of liver neoplasms (followed by 95% Credible Interval) for Age 7
bullhead to be 1.10% (0.36%, 3.33%) for the Inland Pennsylvania Lakes sampled and 6.23%
(4.00%, 9.57%) for Lake Erie sites (Table 3-5). The probability of an orocutaneous neoplasm
ranged from 1.53% (0.65%, 3.57%) for inland sites to 12.03% (8.50%, 16.77%) for Lake Erie
sites. The probability of both liver and orocutaneous neoplasms was significantly higher in the
Lake Erie sites as can be seen from the non-overlapping credible intervals.
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Table 3-5. Probability (in percent) of an Age 7, 300 mm Brown Bullhead having Liver or Orocutaneous
Neoplasms at each site (with 95% credible interval). Data are from 2002-2005 during which both Inland PA and
Lake Erie sites were sampled. Differences are significant at α=0.05 level based on non-overlapping credible
intervals.

Site
Location

N=

Liver Neoplasm
Estimate

95% Credible
Interval

Lake Erie

337

6.23%

(4.00%, 9.57%)

Orocutaneous
Neoplasm
Estimate
12.03%

Inland PA

175

1.10%

(0.36%, 3.33%)

1.53%

95%
Credible
Interval
(8.50%,
16.77%)
(0.65%,
3.57%)

Presque Isle Bay v. Long Point Inner Harbor
I compared data from Presque Isle Bay, Pennsylvania, USA to Long Point Inner Harbor,
Ontario, Canada for the period during which both of these sites were sampled (2004, 2005, 2007,
and 2009). The probability of liver neoplasms (followed by 95% Credible Interval) for Age 7
bullhead was estimated to be 4.64% (2.28%, 9.19%) for Presque Isle Bay and 2.31% (1.04%,
5.05%) for Long Point Inner Harbor (Table 3-6). Estimates of liver neoplasm probability for all
ages at these sites are depicted graphically in Figure 3-4. The probability of an orocutaneous
neoplasm was 12.66% (7.11%, 21.54%) for Presque Isle Bay and 9.27 (9.97%, (5.64%, 14.89%)
for Long Point Inner Harbor. Estimates of orocutaneous neoplasm probability for all ages at
these sites are depicted graphically in Figure 3-5. Neither the probability of liver neoplasms nor
orocutaneous neoplasms was significantly higher in Presque Isle Bay than in Long Point Inner
Harbor. As a result of the modifications to the TOST tolerance interval creation procedure
discussed above, I established a tolerance interval of + 10% for liver neoplasms and + 13 for
orocutaneous neoplasm. The TOST intervals calculated for the mean differences in both liver
and orocutaneous neoplasms were within the specified tolerance intervals. Therefore, there was
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evidence for statistical equivalence among the sites in terms of neoplasm rates in Brown
Bullhead.

Table 3-6. Probability (in percent) of an Age 7, 300 mm Brown Bullhead (Ameiurus nebulosus) having
Liver or Orocutaneous Neoplasms at each site (with 95% credible interval). Data are from 2004, 2005, 2007,
and 2009 during which both sites were sampled.

Long Point
Inner Harbor
Presque Isle
Bay
TOST Interval
Tolerance
Interval
Conclude

Liver Neoplasms
Probability Lower
95% CI
2.31%
1.04%

Upper
95% CI
5.06%

Orocutaneous Neoplasms
Probability Lower
Upper
95% CI 95% CI
9.27%
5.63%
14.91%

4.64%

2.28%

9.21%

12.66%

-6.10%
-10.00%

0.68%
10.00%

Liver Tumors Equivalent

7.10%

21.57%

-10.96%
-13.00%

3.27%
13.00%

Skin Tumors Equivalent
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Figure 3-4. Probability of liver neoplasms in Brown Bullhead. LPIH= Long Point Inner Harbor,
Ontario, CN. PIB=Presque Isle Bay, PA, USA
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Figure 3-5. Probability of orocutaneous neoplasms in Brown Bullhead. LPIH= Long Point Inner
Harbor, Ontario, CN. PIB=Presque Isle Bay, PA, USA

Discussion
Perhaps the most salient result of these investigations is that some level of neoplasia was
detected in Brown Bullhead at every site I investigated. These sites included drinking water
reservoirs (Eaton Reservoir) and other inland sites with no known environmental contamination.
Brown Bullhead at two of the sites in the current study (Canadohta Lake (inland PA) and Dunkirk
Harbor (Lake Erie)) had no liver neoplasms upon sampling but did have orocutaneous neoplasms.
These fish were relatively young, however, (Table 3-1) and Bayesian estimation nonetheless
suggested a non-zero probability of liver neoplasms for Brown Bullhead at these sites. This result
is consistent with the findings of investigators from Cornell University who found orocutaneous
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neoplasia (Poulet et al., 1994) and hepatic neoplasia (Spitsbergen and Wolfe, 1995) to be
common conditions in Brown Bullhead in disparate inland populations throughout New York
State. The investigators found no relationship between the occurrence of neoplasia and
anthropogenic environmental contamination and instead suggested that the lesions may be caused
by naturally-occurring carcinogenic substances like nitrosamines or radon.
The range of demographics of Brown Bullhead in these samples illustrates the utility of
the logistic regression approach for data comparison. Consider, for example, Eaton Reservoir—a
drinking water reservoir in rural Erie County Pennsylvania with a Brown Bullhead population
with a mean age of 12.22 years. Based on raw data, 6/61 Brown Bullhead (9.8%) had
orocutaneous neoplasms and 7/61 (11.5%) had liver neoplasms. When the critical covariates of
age and length are considered, however, estimated liver and orocutaneous neoplasm rates fall to
1.37% and 0.39%, respectively, for an average Age 7 fish. If one were to compare uncorrected
neoplasm rates in Brown Bullhead at this site to the site with the youngest population (Dunkirk
Harbor, New York, mean age 4.30 years) in terms of raw percentages, one might erroneously
conclude that the orocutaneous neoplasm rates were comparable (9.8% to 14.2%, respectively.
No significant difference based on Chi Square analysis). As can be seen from Table 3-4,
however, the adjusted orocutaneous neoplasm rates for Brown Bullhead of comparable age are
actually 23.19% for the site with the younger population (Dunkirk Harbor) and only 1.37% for
the site with the older population (Eaton Reservoir) and these differences are, in fact, statistically
significant. It is acknowledged that the sample sizes for some of the sites investigated (e.g., Elk
Creek and Old Woman Creek) were quite small and the power for detecting true differences was
quite low for these under sampled sites. An interesting finding of this investigation was that
Brown Bullhead from Lake Erie were found to have significantly higher probabilities of both
hepatic and orocutaneous neoplasms than were Brown Bullhead from inland lakes in
northwestern Pennsylvania. The reason(s) for these differences, however, are unclear. While it
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reasonable to hypothesize that environmental carcinogen levels are higher in Lake Erie relative to
inland waterbodies, this relationship was not formally investigated. Allopatric populations of
Brown Bullhead would have genetic divergences that might directly relate to the neoplasia
phenomenon. Disparate populations would also face different abiotic and biotic pressures
unrelated to anthropogenic contaminants. For example, isolated populations may be exposed to
disease epizootics, competitive pressures, and physical habitat constraints that might all play
direct or indirect causal roles in neoplasia.
The comparison between Presque Isle Bay and Long Point Inner Harbor is of interest
because Rutter (2010) identified Long Point Inner Harbor as the “least impacted control site” in
Lake Erie against which Presque Isle Bay, then a Great Lakes Area of Concern, should be
compared. Rutter (2010) found evidence of statistical equivalence between the sites in terms of
the probability of liver neoplasms in Brown Bullhead. As was the case in the present analysis,
Rutter (2010) did note a lack of significant differences between orocutaneous neoplasms in
Brown Bullhead at both sites but the evidence was not strong enough to suggest statistical
equivalence. The additional sampling conducted for the present analysis suggested that not only
is there a lack of difference between liver and orocutaneous neoplasms there is now evidence for
statistical equivalence if one allows for the + 5% criterion recommended by Rutter (2010). It is
also noteworthy that the probability of Brown Bullhead having orocutaneous neoplasms was
greater than for liver neoplasms within each site. This result, consistent with the findings of
Spitsbergen and Wolfe (1995), may suggest different etiologies for the respective lesions. The
greater uncertainty with respect to orocutaneous neoplasm probability estimates (e.g. Table 3-6)
supports the application of separate TOST tolerance intervals for liver and orocutaneous
neoplasms rather than applying the same tolerance interval to both categories of lesions per Rutter
(2010).
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The field-collected data presented herein do not demonstrate a causal relationship
between any environmental factor and biological covariate. More directly, the cause(s) of
neoplasia in Brown Bullhead remains unknown. After investigating the neoplasia phenomenon
of Brown Bullhead at 19 sites throughout New York State, Spitsbergen and Wolfe (1995)
concluded that caution is needed when using fish from natural waters as indicators of
anthropogenic carcinogens. The findings of the present study are in complete agreement and
underscore the advice offered by these investigators nearly two decades ago.

Chapter 4

Revisiting the Causal Relationship Between PAH-Contaminated Sediment
and Neoplasia in Brown Bullhead

Introduction
The work presented in previous chapters has questioned the causal relationship between
exposure to contaminated sediment and neoplasia in Brown Bullhead. Sir Austin Bradford Hill’s
criteria for establishing causation (Hill, 1965) are commonly applied by epidemiologists to infer
environmental causation of human pathology (Weed, 1996; Wynder, 1996) and these criteria
have been extended to investigations of pollutant impact as well (Beyers, 1998; Pinkney et al.,
2014). Hill's (1965) criteria included: 1) Strength: a large proportion of individuals were affected
in the exposed areas relative to reference areas. 2) Consistency: the association has been observed
by other investigators at other times and places. 3) Specificity: the effect was diagnostic of
exposure. 4) Temporality: exposure must precede the effect in time. 5) Biological gradient: the
risk of effect was a function of magnitude of exposure (e.g., a dose-response relationship). 6)
Biological plausibility: a plausible mechanism of action links cause and effect. 7) Experimental
evidence: a valid experiment provided strong evidence of causation. 8) Analogy: similar stressors
caused similar effects. 9) Coherence: the causal hypothesis did not conflict with existing
knowledge of natural history and biology.
Rafferty et al. (2009) applied seven of Hill’s nine criteria (Analogy and Coherence were
not specifically addressed) to the existing literature and evaluated the extent to which the
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literature supported a relationship between exposure to PAH-contaminated sediment and
neoplasia in Brown Bullhead. To accomplish this, the authors rated these seven criteria on an
admittedly subjective scale based on the number of supporting publications reviewed and the
strength of the findings. The authors applied a 5 point rate scale to each criterion ranging from
“+” (minimal support) to “+++++” (strongest support). Based on this approach, the authors
concluded that there was sufficient evidence to suggest an association between environmental
exposure to PAHs and liver neoplasia but insufficient evidence with respect to orocutaneous
neoplasms (Table 4-1). Rafferty et al. (2009) found the criteria of Biological Plausibility and
Strength of Association to be the most strongly supported of all of the criteria evaluated.

Table 4-1. Evaluation of the criteria for causality for sediment PAHs and liver and orocutaneous
neoplasms in Brown Bullhead used by Rafferty et al. (2009).

Evaluation of the criteria for causality for sediment PAHs and liver and skin neoplasms in
brown bullhead.
Criteria

Liver neoplasms

Skin neoplasms

Strength of association

++++

+

Consistency of association

+++

+

Biological and toxicological plausibility

+++++

+

Temporal sequence

+++

Dose response/biological gradient

+++

Specificity of the relationship

+

Experimental evidence

+++

+

63

In hindsight, this analysis may have suffered from confirmation-bias by positively weighting
literature supportive of contaminant causation without equally assigning negative weight to
incongruent research. In this chapter I compared the foundational literature relating sediment
PAHs to neoplasia in Brown Bullhead against Hill’s (1965) criteria by revisiting the literature
specific to Brown Bullhead originally reviewed by Rafferty et al. (2009), incorporating relevant
research on Brown Bullhead not reviewed by Rafferty et al., (2009) or conducted since that time,
and negatively weighting literature that is inconsistent with an environmental PAH etiology.

Methods

Rafferty et al. (2009) reviewed 18 studies published in the peer-reviewed and grey
literature (below) in an effort to determine the extent to which the data presented supported a
causal relationship between sediment PAHs and either liver or orocutaneous neoplasms in Brown
Bullhead. A robust literature existed suggesting a causal relationship between PAH exposure and
adverse health impacts in fishes (see Logan, 2007 for a review); therefore it was reasonable that
this relationship was at least plausible for Brown Bullhead as well. Responses to environmental
carcinogens, however, are species-specific; thus research using one species of fish cannot be
directly extrapolated to another (Aas et al., 2001; Hylland, 2006; Logan, 2007). Six of the studies
reviewed by Rafferty et al. (2009) utilized species other than Brown Bullhead (French et al.,
1996; Hawkins et al., 1988; Horness et al., 1998; and Myers et al., 2003; Schiewe et al., 1991).
An additional paper by Bunton (1996) provided a comprehensive overview of environmental
carcinogenesis in fishes but provided no new information related to Brown Bullhead. Therefore,
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these seven studies generally supported Hill’s (1965) criteria of Biological Plausibility and
Coherence but they did not provide data that can specifically address the neoplasia phenomenon
in Brown Bullhead and will not be further discussed here. The remaining 11 studies evaluated by
Rafferty et al. (2009) are revisited below and evaluated against Hill’s criteria. I also reviewed 13
additional studies that directly examined this relationship. The additional review was not
exhaustive but was meant to be representative of the foundational literature.
In an effort to reduce the subjectivity of the current review, I rated the literature using the
following operational criteria established a priori. Literature that provided direct evidence of
PAH causation while eliminating at least one other environmental carcinogen was assigned a
score of +1. For example, a field study that examined the relationship between PAHs and PCBs
in sediment but found a relationship only between PAHs and neoplasms in Brown Bullhead
would receive this score. Literature that provided general support for possible PAH causation but
did not eliminate any other carcinogens as potential causal factors was assigned a score of 0. For
example, a field study that showed a positive relationship between sediment PAH concentrations
and the prevalence of liver neoplasms in Brown Bullhead but did not provide data on any other
sediment carcinogens (e.g., PCBs) would receive this score. Literature that presented data that
were incongruent with PAH causation was rated as -1. For example, a comparison study that
found significantly higher levels of neoplasms in Brown Bullhead at a site with significantly
lower levels of PAHs would receive this score.
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Results

Brief summaries of the 24 papers reviewed are provided below, followed by an evaluation of each
study with respect to support for a causal relationship between sediment PAH and liver and
orocutaneous neoplasms. Results of this review are summarized in Table 4-2.

Summary of studies originally reviewed by Rafferty et al. (2009)

Baumann et al. (1987) reported elevated prevalences of grossly visible external and liver
lesions (no histopathological analyses were conducted) in Brown Bullhead below a coking plant
discharge on the Black River near Lorain, Ohio relative to a nearby reference site (Buckeye Lake,
Ohio) with no such discharge. Seasonal and specimen age effects were also noted for the Black
River sample, with visible liver lesions being more prevalent in fall versus spring samples and in
older individuals. The authors reported extraordinarily high levels of PAHs (> 5 ppm total for 10
individual PAHs) in whole-fish samples from the Black River but not Buckeye Lake fish. The
reported PAH concentrations in the tissues of Brown Bullhead are suspect, however, because
these substances are readily metabolized and not known to accumulate in vertebrates (e.g.,
Hylland, 2006; Leadley et al., 1998; Van der Oost et al., 2003). Elevated levels of total PCBs
(1.3 ppm) were also reported from the Black River but not Buckeye Lake fish. Sediment
chemistry sampling was not conducted although the authors reported individual PAH compounds
from previous samplings of the Black River site in excess of 100 ppm (Baumann et al., 1982).
Since no sediment chemistry data were presented and the Brown Bullhead from the Black River
also had elevated body burdens of PCBs, this study did not demonstrate a causal relationship
between any sediment contaminant and the grossly visible lesions observed in the Brown
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Bullhead collected from the Black River. It did suggest, however, that Brown Bullhead were
exposed to elevated levels of various contaminants in the Black River.
Baumann et al. (1991) compared neoplasm epizootics in Walleye (Sander vitreus) and
Brown Bullhead at four sites with varying levels of PAHs, PCBs, polychlorinated dibenzo-pdioxins, polychlorinated dibenzofurans (the Fox and Menominee rivers, Lake Michigan;
Munuscong Lake on the St. Mary's River; and the Black and Cuyahoga Rivers, Lake Erie).
Sediment data from the Black River in Ohio were also presented for reference although fish were
not collected at this site. The prevalence of liver neoplasms was found to be greatest in Brown
Bullhead from the Cuyahoga River (9.4%) and Munuscong Lake (6.4%). The Cuyahoga River
had the highest levels of 5 metals and 4 PAHs among the sites where Brown Bullhead were
collected. Conversely, Munuscong Lake had the lowest levels of all classes of contaminants. No
liver neoplasms were detected in Brown Bullheads collected from the other sites (Fox and
Menominee Rivers) even though these sites had higher levels of all contaminants than did
Munuscong Lake. Because the prevalences of liver neoplasms in Brown Bullhead were
comparable at both the most and least contaminated sites, this result is incongruous with a
contaminant etiology.
Baumann et al. (1996) presented the results of field surveys of neoplasia in Brown
Bullhead and White Sucker (Catostomus commersonii) throughout the Laurentian Great Lakes.
With respect to Brown Bullheads, surveys were conducted at 12 sites between 1984 and 1991.
These sites were purported to range from “pristine reference sites” to “industrialized sites”
(1996:131). Grossly visible orocutaneous lesion and liver neoplasm prevalences were reported
for these sites, and the authors concluded that the prevalence of these lesions were greater in
populations of fish from more contaminated sites. The authors concluded that etiology of liver
neoplasms in Brown Bullhead was related to chemical contaminants and, in some places,
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specifically PAHs. No environmental contaminant data, however, were actually presented in the
paper, rendering the conclusions of the authors as largely speculative. This paper neither
confirmed nor eliminated a relationship between any environmental contaminants and neoplasia
in Brown Bullhead.
Baumann and Harshbarger (1998), in a summary of longitudinal investigations below a
coking plant discharge on the Black River near Lorain, Ohio reported elevated frequencies of
liver neoplasms in Brown Bullhead prior to the cessation of coking operations and following a
remedial sediment dredging event that was hypothesized to re-expose fish to sediment
contaminants (Figure 4-1).

Figure 4-1. Relationship between sediment PAHs and liver neoplasms in Brown Bullhead in the Black
River. Based on Baumann and Harshbarger (1998).
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It should be noted that the available literature on both the Black River and Buffalo River
studies was reviewed by Mix (1986) and found to be “not of a high quality” (Mix, 1986:1) due to
inadequate experimental design. I critically reviewed cardinal studies published on these systems
subsequent to the Mix (1986) review and found that serious questions related to data quality and
experimental design remained (Appendix A). Design issues notwithstanding, this study did
support a relationship between sediment PAH and hepatic neoplasms in Brown Bullhead although
no actual statistical correlations were ever presented. A cause-effect relationship could not be
inferred, however, because the levels of sediment contaminants other than PAHs were not
reported.
Black (1983a, b) painted the upper lip of 69 Brown Bullheads with a 5% river sediment
extract (hexane-acetone solvent) obtained from Buffalo River sediment that was known to have
elevated levels of PAHs. Control fish (N=22) were treated with the solvent only. The fish were
painted once a week except during 'occasional outbreaks' of a bacterial disease during which
paintings were temporarily suspended. By the end of the experiment, 18 months later, only 22
experimental fish (31.9%) and five controls (31.2%) were still alive. Three of the experimental
bullheads had developed skin papillomas while none of the five surviving control fish showed
any lesions. Serious methodological shortcomings, however, were associated with this
experiment (see Mix (1986) for a critical review). The results of this experiment, while
intriguing, did not specifically associate the induced neoplasms with any particular chemical in
the sediment extract.
Black et al. (1985) provided additional details related to the Brown Bullhead skin
painting experiment reported by Black (1983a,b) and reported the results of a similar experiment
using Swiss-strain lab mice (not discussed herein). An experimental oral administration of 5%
Buffalo River sediment extract to 12 Brown Bullheads was also discussed. With respect to the
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skin painting experiment of Brown Bullheads, the authors reported the results of
histopathological analyses of the lesions described by Black et al. (1983a, b). Eight of 22
surviving fish (N0=69) had diagnosable dermal papillomas while the five surviving controls
appeared normal. For the oral administration experiment, sediment extract was added to
commercial trout pellets and fish were fed this diet for either 4 months (N=5) or 7 months (N=6).
While unclear, it appeared from the text that a single specimen served as a control. One of 5
Brown Bullheads exposed for four months developed "incipient" liver neoplasms and 3 of 6 fish
exposed for 7 months developed neoplastic or preneoplastic liver lesions. The fate of the control
fish was not discussed. The authors concluded that while these experiments suggested a
sediment-born contaminant, they did not prove a causal relationship nor did they reveal the
identity of the putative agent.
Leadley et al. (1998) analyzed three populations of Brown Bullheads in the Detroit River
for persistent organic contaminants as well as incidences of external lesions and liver
histopathology. Sediments from the fish collection sites were also analyzed for organic
contaminants. The authors found that the prevalence of liver neoplasms, other lesions, and tissue
contaminants (PCBs, pesticides, and chlorinated hydrocarbons) in Brown Bullhead was highest at
the site with the highest levels of these contaminants (the Trenton Channel) although these results
were not statistically significant (p > 0.05). The lack of statistically significant results weakened
the conclusions of this study and the study design prevented assignment of the lesions to any
particular class of contaminants.
Pinkney et al. (2001) found significantly (Fisher’s Exact Test, p<0.05) elevated
prevalences of both liver (50-60%) and orocutaneous neoplasms (10-37%) in Brown Bullhead in
the Anacostia River—a tributary of the Chesapeake Bay contaminated with PCBs, PAHs, and
organochlorine pesticides, vs. the Quantico embayment (near a Superfund Site), Neabsco Creek,
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and the Tuckahoe River (a Chesapeake Bay tributary designated as the reference site). Neoplasm
data were not adjusted for age or other covariates. Significantly greater (ANOVA, P <0.05)
levels of sediment PAHs (26.8 ppm + 1.6 SE) were also found at this site relative to the others
investigated (1.8 to 5.1 ppm). Levels of sediment PCBs were not significantly different (p>0.05),
although the organochlorine pesticide chlordane was also detected at the Anacostia site but not
the reference sites. While recognizing an association, the authors explicitly cautioned (Pinkney et
al. 2001:1202) that the apparent association between tumor prevalence and PAHs in sediments
and PAH metabolites in bile should not be considered proof of a cause–effect relationship due to
the presence of numerous confounding variables (e.g., the presence of other measured and
unmeasured contaminants).
Pinkney et al. (2004a) collected Brown Bullhead from two urbanized Chesapeake Bay
tributaries near Baltimore, Maryland (Back River and Furnace Creek) and one reference location
(Tuckahoe River- a rural tributary of the Chesapeake Bay) to compare the prevalence of
neoplasms (liver and orocutaneous), other visible lesions, and biomarkers of contaminant
exposure. Sediment was also collected from these sites and analyzed for PAHs and PCBs. No
significant differences (p>0.001) were found among the sites with respect to orocutaneous or
liver prevalences. Mean sediment concentrations of total PAHs in the Back River, Furnace
Creek, and Tuckahoe River were 6.48 ppm, 6.75 ppm, and 0.187 ppm, respectively. These
differences were not statistically significant (ANOVA, p>0. 001) although sample sizes
(N=3/site) were extremely small. There was, however, a statistically significant difference
(Kruskal-Wallis, p<0. 001) in median total PCB concentrations among the 3 collections (Back
River, 0.927 ppm, Furnace Creek 0.708 ppm, Tuckahoe River, not detected). These data did not
support a relationship between sediment PAH and neoplasia in Brown Bullhead.
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Smith et al. (1994) compared the prevalence of fish tumors and sediment contaminants
between two polluted Lake Erie tributaries (Black and Cuyahoga rivers) and a relatively
unpolluted reference tributary (the Huron River). Total levels of 13 PAH compounds were found
to be highest in the Cuyahoga River (34.44 - 91.55 μg/g) relative to the Black River (3.57-4.74
μg/g) and the Huron River reference site (0.62 - 0.78 μg/g). Heavy metal concentrations were
also greatest in the Cuyahoga River sediment. The prevalence of liver neoplasms (uncorrected
for age) was found to be significantly higher (Chi-Square, P < 0.001) in Brown Bullhead from the
Black River (35%) followed by those found in the Cuyahoga River (23%) and the Huron River
(1%). The prevalence of grossly visible orocutaneous abnormalities, however, was greatest in
Brown Bullheads from the Cuyahoga River. Despite PAH levels that were over an order of
magnitude less in fish from the Black River, this population of fish had the greatest levels of liver
neoplasms. Therefore, this study did not support a relationship between sediment PAHs and
these lesions. The prevalence of putative orocutaneous lesions (not confirmed through
histopathological analysis), however, was greatest in the Cuyahoga River fish. Since heavy
metals were also elevated in the Cuyahoga River sediment and the results of other sediment
contaminants were not reported, these effects cannot be causally attributed to sediment PAHs.

Summary of supplemental studies

Bowser et al. (1991) found a highly elevated prevalence of grossly visible orocutaneous
lesions in Brown Bullhead (60.0 %; N=95) in samples collected from a drinking water reservoir
in New York in 1986. Interestingly, none of the Yellow Bullhead (Ameiurus natalis) collected at
the same time (N=96) had these lesions. Twelve Brown Bullhead with grossly visible external
lesions and 13 Yellow Bullhead with none. Three of 12 Brown Bullhead necropsied fish also had
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verified liver neoplasms. Levels of 12 total sediment PAHs were extremely low (325-1238 ng/g
dry weight). The authors concluded that these neoplasm were unrelated to environmental
contaminants and posited a viral etiology instead. No viral particles were identified, however.
Grady et al. (1992a) exposed juvenile Brown Bullhead to “industrially contaminated”
whole sediment collected from several industrial sites in the Great Lakes region for a period of
28d. The researchers then fed a subset of these fish a diet of trout pellets augmented with the
synthetic PAH-like compound -napthoflavone (BNF). No adverse effects were reported from the
whole sediment exposure although fish fed BNF treated pellet displayed fin erosion, swollen
gills, and reduced body weight regardless of prior sediment exposure condition. This study
suggested that simple short-term exposure to contaminated sediment is insufficient to initiate
neoplasia in Brown Bullhead, although it may induce other measurable health impacts.
Grady et al. (1992b) injected single intraperitoneal doses of 0, 5, 25 or 125 mg/kgbenzo[a]pyrene (BaP), a carcinogenic polycyclic aromatic hydrocarbon, and evaluated specimens
over 18 months. Histopathological biomarkers of exposure (e.g., hepatic macrophage ceroid
pigmentation) were detectable after 18 months but no neoplasms or long-term DNA alterations
were present. No significant differences (p>0.01) existed between any of the treatment
conditions on any of the dependent responses. This study did not support a relationship between
a PAH known to be an animal carcinogen and the induction of carcinogenesis in Brown Bullhead.
McFarland et al. (1999) compared biomarkers of liver pathology in Brown Bullhead
collected from the historically contaminated Black River site (c.f., Baumann et al., 1987) with a
low sediment PAH reference site (Old Woman Creek, Ohio). No differences in grossly visible
pathology or liver biomarkers were detected between the sites. Relative liver weight (liver
weight relative to total somatic weight), however, was found to be greater in fish from the Black
River sample. The authors speculated that the larger livers represented an adaptive response of
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Brown Bullhead in the Black River to chronic chemical stress. Nonetheless, the data reported are
not consistent with a PAH-liver pathology etiology.
Pinkney and Harshbarger (2005) report elevated prevalences of both liver (20%) and
orocutaneous neoplasms (53%) in Brown Bullhead from the South River- a tributary of the
Chesapeake Bay. Neoplasm data were not adjusted for age or other covariates. Mean total
sediment PAH levels were reported as only 2.2 ppm. The authors noted that the prevalence of
orocutaneous neoplasms exceeded that of the Anacostia River-- a site with sediment PAH levels
an order of magnitude greater. The prevalence of liver neoplasms was less than that of the
Anacostia (50-60%) but greater than all other sites previously sampled. These data were
incongruent with a PAH etiology for liver and orocutaneous neoplasm in Brown Bullhead.
Pinkney et al. (2009) presented data from surveys conducted throughout the Chesapeake
Bay showing a strong positive correlation between sediment PAH levels and the prevalence of
liver neoplasms in Brown Bullhead. No such relationship was found between PAH levels and
orocutaneous neoplasms. These data were congruent with a PAH etiology for liver but not
orocutaneous neoplasms in Brown Bullhead.
Pinkney et al. (2011) presented the results of Brown Bullhead surveys conducted on four
suburban/rural tributaries of the Chesapeake Bay (South River, Severn River, Muddy Creek, and
the Choptank River) between 2004 and 2008. An additional Brown Bullhead collection was
obtained from the Anacostia River in 2009 to serve as a positive control. The prevalence of both
liver (up to 20%) and orocutaneous neoplasms (up to 58.3%) was found was greatest in the South
River fish, although levels of total PAHs (actual compounds not reported) were very low
(3.59±5.85 mg/kg dry weight) and comparable to the sites with low incidences of neoplasms.
The authors concluded that neither the PAH-like bile metabolite data, sediment PAH data, nor
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DNA adduct data suggested an association between liver or skin neoplasm prevalence and
exposure to PACs or alkylating agents at these sites.
Pinkney et al. (2014) presented a comprehensive review of neoplasm surveys of Brown
Bullhead conducted throughout the Chesapeake Bay watershed between 1992 through 2011. The
authors noted that the prevalence of both liver and orocutaneous neoplasms in Brown Bullhead in
the Anacostia River in samples collected from 2009-2011 had decreased significantly (p<0.05)
relative to samples collected from 1996 through 2001. While sediment PAH data were not
obtained during the latter samples, the authors noted that no remedial actions had taken place that
would make a decrease in these contaminants probable. Moreover, the authors noted that both
liver and orocutaneous neoplasm prevalences were not significantly different (p>0.05) between
the Anacostia River sites and samples of Brown Bullheads obtained from a site on the Potomac
River near Theodore Roosevelt Island. Sediment total PAH levels at this latter site, however,
were significantly lower ranging from 2.9 to 4.4 ppm. The authors concluded that the Anacostia
River did not meet Hill’s (1965) criteria for causation and suggest that additional investigation is
necessary. These findings were incongruent with a sediment PAH etiology for neoplasms in
Brown Bullhead.
Poulet et al. (1994) examined 17 waterbodies in New York State and failed to find a
consistent relationship between the presence of chemical carcinogens and orocutaneous
neoplasms in Brown Bullhead. These authors noted that orocutaneous neoplasms appear to be
the leading neoplastic pathologic condition of wild populations of Brown Bullhead. This finding
was incongruent with a sediment contaminant etiology for orocutaneous neoplasm in Brown
Bullhead.
Spitsbergen and Wolfe (1995) similarly failed to find a relationship between hepatic
neoplasia and environmental contamination in nine New York State waterbodies, and speculated
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that liver neoplasms in these fish may instead be caused by naturally occurring carcinogens such
as nitrosamines or radon gas. This finding was incongruent with a sediment contaminant etiology
for liver neoplasms in Brown Bullhead.
Stoker et al. (1985) exposed both Rainbow Trout (Oncorhynchus mykiss) and Brown
Bullhead (N=22; 1 specimen per treatment condition) to three fractions of a solvent-refined coal
heavy distillate and sediment extract from the Black River, with one fraction of each containing
PAHs. Following a 16-hour exposure period, liver and gill tissue in Brown Bullhead displayed
various cytopathic responses to the coal-distillate PAH fraction and hepatic (but not gill)
pathology in response to the Black River fraction. No neoplastic or pre-neoplastic lesions were
observed. This study was consistent with a PAH etiology for liver pathology in Brown Bullhead.
Steyermark et al. (1999) compared a population of Brown Bullhead from an urban,
industrialized section of the Schuylkill River near Philadelphia, Pennsylvania, and another from a
suburban reference site (Hopkins Pond) in suburban New Jersey. No liver neoplasms were
detected in either of the sampled populations. Orocutaneous lesions were more prevalent in the
Schuylkill River vs. Hopkins Pond samples (27% vs. 0%, respectively). Total mean levels of 16
PAHs in sediments were comparable between the sites (16.8 mg/kg - 21.8 mg/kg). These results
were incongruent with a PAH etiology for either orocutaneous or liver neoplasms.
Finally, the investigations reported in this dissertation showed liver and orocutaneous
neoplasia to be a common condition in populations of Brown Bullhead throughout Lake Erie and
northwestern Pennsylvania (Chapter 3). The prevalence of liver neoplasms in populations from a
drinking water reservoir in northwestern Pennsylvania (Eaton Reservoir) was found to be
comparable to a historically contaminated site (Presque Isle Bay). Both liver and orocutaneous
neoplasm rates in Brown Bullhead from Presque Isle Bay were found to be equivalent to a
reference site with minimal urbanization (Long Point Inner Harbor). An experimental exposure
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of Brown Bullheads to sediment contaminated with metals and PAHs (Chapter 2) failed to induce
early stage neoplasia or cause other discernible health impacts. These results were incongruent
with an environmental contaminant etiology for neoplasia in Brown Bullhead.

Rating the support for a PAH-neoplasm etiology in the literature

Literature ratings with respect to level of support for a sediment PAH-neoplasm etiology
are summarized in Table 4-2. None of the studies reviewed met the operational criterion
established a priori for a score of +1, which required direct evidence of PAH causation while
eliminating at least one other environmental carcinogen. Several studies (notably those of
Baumann and collaborators) purported a cause-effect relationship between sediment PAH and
liver neoplasms in Brown Bullhead, but failed to report data on sediment contaminants other than
PAHs, thus precluding causal attribution. Nine of the 24 studies reviewed reported an actual or
potential positive relationship between PAHs and liver neoplasms in Brown Bullhead while eight
of the studies reviewed reported this association for orocutaneous neoplasm. These studies,
however, either failed to investigate carcinogens other than PAHs (Baumann et al., 1987;
Baumann and Harshbarger, 1998), identified a variety of elevated sediment contaminants in
addition to PAHs (e.g., Leadley et al., 1998; Pinkney et al., 2001; Pinkney et al., 2009; Smith et
al., 1994), did not identify particular causal chemicals (Baumann et al., 1996; Black, 1983a, b;
Black et al., 1985), or documented physiological effects in response to PAH challenge other than
neoplasia/preneoplasia (Grady et al.,1992a, b; Stoker et al., 1985). Conversely, thirteen of the
studies reviewed presented data that were incongruent with a PAH-liver neoplasm etiology and
nine studies were incongruent with a PAH-orocutaneous neoplasm etiology. These
inconsistencies included elevated prevalences of liver and/or orocutaneous neoplasms in Brown
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Bullhead at sites with low levels of sediment PAHs (Baumann et al., 1991; Bowser et al., 1991;
Pinkney and Harshbarger, 2005; Pinkney et al., 2011; Pinkney et al,. 2014) or presumed low
levels of PAHs and other contaminants (Poulet et al., 1994; Spitsbergen and Wolfe, 1995); lack of
pathology in Brown Bullhead despite elevated sediment PAHs (McFarland et al., 1999;
Steyermark et al., 1999); and higher prevalences of neoplasms in Brown Bullhead from sites with
lower levels of sediment PAHs and lower prevalences from sites with more sediment PAHs
(Smith et al., 1994).

Table 4-2. Evaluation of reviewed literature for support of sediment PAHs and liver and orocutaneous
neoplasms in Brown Bullhead. A score of +1 represents strong support for PAH causation with control for at
least one additional sediment contaminant (not used). A score of 0 equals general support for PAH causation
without control for any additional contaminants. A score of -1 represents the presentation of data in congruent
with PAH causation. NA is used when the study did not address a category of neoplasm.

No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14

Authors

Liver
Neoplasm
Score
Literature Reviewed by Rafferty et al. (2009)
Baumann and Harshbarger (1998).
0
Baumann et al. (1987).
0
Baumann et al. (1991).
-1
Baumann et al. (1996).
0
Black et al. (1983a).
NA
Black et al. (1983b).
NA
Black et al. (1985).
0
Leadley et al. (1998).
0
Pinkney et al. (2001).
0
Pinkney et al. (2004a).
-1
Smith et al. (1994).
-1
Additional Literature Reviewed
Bowser et al. (1991)
-1
Grady et al. (1992a)
-1
Grady et al. (1992b)
0

Orocutaneous
Neoplasm
Score
NA
NA
NA
0
0
0
0
0
0
-1
0
-1
0
NA
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15
16
17
18
19
20
21
22
23
24

Grazio (2015)
McFarland et al. (1999)
Pinkney and Harshbarger (2005)
Pinkney et al. (2009)
Pinkney et al. (2011)
Pinkney et al. (2014)
Poulet et al. (1994)
Spitsbergen and Wolfe (1995)
Steyermark et al. (1999)
Stoker et al. (1985)
Studies Strongly Supporting
Studies Generally Supporting
Studies Not Supporting
Studies NA

-1
-1
-1
0
-1
-1
-1
-1
-1
0
0
9
13
2

-1
NA
-1
-1
-1
-1
NA
-1
-1
NA
0
8
9
7

Revisiting the Hill Criteria

1. Strength- Hill considered the criterion of Strength to be the most important, giving as
an example the robust findings relating lung cancer to smoking in humans. A review
of the available literature showed the relationship between sediment contaminants
and neoplasms (liver or external) in Brown Bullhead to be tenuous at best. None of
the studies reviewed provided direct evidence of PAH causation while ruling
out/controlling at least one other environmental carcinogen. Nine of the 24 studies
provided supporting evidence for a PAH etiology for liver neoplasms/pathology in
Brown Bullhead and eight of the studies are consistent with (but do not prove) a PAH
etiology for orocutaneous lesions in Brown Bullhead. Conversely, 13 of the studies
presented data that were incongruent with a causal relationship for liver neoplasms
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and 9 were incongruent with respect to liver neoplasms. The weight of evidence did
not support the criterion of Strength.
2. Consistency- The relationship between sediment PAHs and neoplasia in Brown
Bullhead neoplasia in the literature was consistently inconsistent. While there may
be a true causal relationship between sediment PAH and neoplasms in Brown
Bullhead in the Black River (Ohio) or the Anacostia River (Maryland), these cases
appeared to be a subset of the broader etiologies of neoplasia in this species. Clearly
this criterion was not satisfied.
3. Biological Plausibility- The robust literature linking PAHs and other environmental
carcinogens to neoplasm in other species of fishes (c.f., Logan, 2007) makes this
relationship plausible for Brown Bullhead as well, although the literature may not be
directly extrapolated across species (Aas et al., 2001; Hylland, 2006, Logan, 2007).
This criterion would seem to be satisfied based on the existing literature.
4. Temporality- Most of the field studies reviewed did not address the temporal
relationship between PAH exposure and subsequent development of neoplasms in
Brown Bullhead. The long-term investigations of Brown Bullhead from the Black
River (e.g., Baumann and Harshbarger, 1998) provided some evidence that neoplastic
disease follows exposure to sediment PAHs. Study design (e.g., compiling sediment
data from various investigators using disparate methods, long delays between
presumed causal events (e.g., remedial dredging) and neoplasm surveys,
methodological concerns, lack of data on environmental contaminants other than
PAHs, etc.), however, seriously compromised this work. The skin painting
experiments reported by Black (1983a, b) and Black et al. (1985) provide the
strongest evidence of a cause-effect relationship, although limitations related to
experimental design and execution precluded attribution of induced neoplasms to any
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particular class of contaminants. Conversely, the widespread occurrence of neoplasia
in Brown Bullhead at uncontaminated sites strongly argued against this criterion.
Pinkney et al. (2014) also documented a statistically significant (p <0.05) decrease in
liver neoplasms in Brown Bullhead from the highly contaminated Anacostia River
without a concurrent remediation of PAH-contaminated sediment. On balance, the
existing literature was insufficient to demonstrate that sediment PAH exposure
precedes the onset of neoplasia in Brown Bullhead.
5. Biological gradient- There is little evidence of biological gradient or a dose-response
relationship between PAHs or other contaminants and neoplasms. Both liver and
orocutaneous neoplasms were found in Brown Bullheads at sites with varying levels
of environmental contaminants. Studies that associated neoplasms in Brown
Bullheads with environmental contaminants showed little dose-response relationship.
For example, Smith et al. (1994) found the highest prevalence of neoplasms in Brown
Bullhead from a site with sediment PAH levels that were an order of magnitude
lower than a site with a higher prevalence of fish neoplasms. Baumann and
Harshbarger (1998) documented liver neoplasm rates in Brown Bullhead postremedial dredging (1992 sample) that were comparable to rates when the coking
plant (presumed PAH source) was operating (1982 sample). Sediment PAH levels,
however, were 16.6 ppm in 1992 versus 381.2 ppm in 1982. Grady et al. (1992b)
documented elevations of certain liver biomarkers in response to BaP injections of
Brown Bullhead, but no there were no differences in among the four levels of
administered doses. Pinkney et al. (2009) found a positive relationship between total
PAH concentrations in sediment and liver neoplasms but not orocutaneous neoplasm
in Brown Bullhead. Pinkney et al. (2004, 2011, 2014), however, also found elevated
prevalences of neoplasm in Brown Bullhead collected from sites with low levels of
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sediment PAHs. In summary, there is little response gradient noted in the majority of
studies reviewed.
6. Specificity- Hill (1965) tended to de-emphasize this criterion somewhat, noting that
diseases often have multiple causes. Still, the extent to which an epizootic was
specific to a certain species under specific conditions, the stronger the case for
environmental causation. The neoplasia phenomenon was certainly not universal
among species of fishes; even if closely related species (e.g., the Yellow Bullhead)
had differential susceptibility (c.f., Bowser et al., 1991). Still, the broad occurrence
of neoplasms in disparate populations of Brown Bullhead at sites with a wide range
of contaminant concentrations argued strongly that this phenomenon was not specific
to any particular contaminant.
7. Experimental Evidence- In addition to the skin painting experiments by Black
(1983a,b) discussed above, a number of experiments have shown a pathological
response in Brown Bullhead to PAH challenge. For example, Grady (1992b)
injected juvenile Brown Bullhead with carcinogenic benzo[a]pyrene and induced
short-term cellular responses. Stoker et al. (1985) induced measurable gill and liver
pathology in Brown Bullhead following brief exposure to coal heavy distillate and
sediment extract from the Black River. Grady (1992a) failed to show an effect of
sediment exposure on Brown Bullhead, but induced pathology by feeding specimens
pellets dosed with a synthetic PAH. In summary, these experimental investigations
are consistent with the hypothesis that PAHs and other contaminants were capable of
inducing various pathological responses in Brown Bullhead, possibly including
neoplastic disease. They did not, however, demonstrate a causal relationship. The
whole-sediment exposure experiment reported in Chapter 4 failed to show any
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measurable effect on Brown Bullhead after 556 days of contaminated sediment
exposure.
8. Coherence- Hill (1965) cautioned that a cause- effect interpretation of data should
not seriously conflict with the generally known facts of the natural history and
biology of the disease. With one exception, the literature reviewed above, regardless
of strength, appeared to be coherent with the broader literature. The reported levels
of PAHs in the tissues of Brown Bullhead reported by Baumann et al. (1987) were
dubious because these substances were readily metabolized and not known to
accumulate in vertebrates (e.g., Hylland, 2006; Leadley et al., 1998; Van der Oost et
al., 2003) and the values reported by Baumann et al. (1987) have not been replicated
by other investigators. In general, this criterion appeared supported by the existing
literature.
9. Analogy- While the case for PAH-causation of neoplasms in Brown Bullhead is
weak, the case is stronger for other species (see Bunton, 1996 and Mix, 1986 for
reviews). The utility of extrapolating data from other species is limited, however, as
discussed above. In addition, while numerous other actual or potential environmental
carcinogens have been associated with neoplasms in Brown Bullhead (Chapter 1), the
case for a causal relationship between these other chemicals and neoplasia in Brown
Bullhead is even weaker than for PAHs. Therefore, the criterion of analogy seems to
have little applicability here.
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Table 4-3. Evaluation of reviewed literature against Hill’s criteria for causation

Criterion

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Strength
Consistency
Specificity
Temporality

Liver
neoplasms
Not supported
Not supported
Not supported
Not supported

Skin
neoplasms
Not supported
Not supported
Not supported
Not supported

Biological Gradient

Not supported

Not supported

Biological Plausibility
Experimental
Evidence
Analogy
Coherence

Supported
Not supported

Supported
Not supported

Relevant
literature
All
All
All
1,4-6, 1315,24
All but 5-6,
13,24
All
5-7, 13-15, 24

Not supported
Supported

Not supported
Supported

N/A
All

Baumann and Harshbarger (1998).
Baumann et al. (1987).
Baumann et al. (1991).
Baumann et al. (1996).
Black et al. (1983a).
Black et al. (1983b).
Black et al. (1985).
Leadley et al. (1998).
Pinkney et al. (2001).
Pinkney et al. (2004a).
Smith et al. (1994).
Bowser et al. (1991)
Grady et al. (1992a)
Grady et al. (1992b)
Grazio (2015)
McFarland et al. (1999)
Pinkney and Harshbarger (2005)
Pinkney et al. (2009)
Pinkney et al. (2011)
Pinkney et al. (2014)
Poulet et al. (1994)
Spitsbergen and Wolfe (1995)
Steyermark et al. (1999)
Stoker et al. (1985)

84

Discussion

It is telling that not a single study reviewed demonstrated a clear cause-effect relationship
between environmental PAHs and either liver neoplasm or orocutaneous neoplasms in Brown
Bullhead while simultaneously controlling for even a single additional environmental carcinogen.
It is also noteworthy that more of the literature reviewed tended to contradict rather than support a
causal relationship for sediment PAH and either category or neoplasm. While a number of the
studies reviewed did provide evidence consistent with a PAH etiology, study design precluded a
causal attribution. For example, influential longitudinal studies on the Black River (Baumann
and Harshbarger, 1998) showed a relationship between sediment PAHs and liver neoplasm in
Brown Bullhead over time but failed to consider the possible roles of other contaminants known
to be present at the study site.
Applying Hill’s (1965) criteria for causation to the hypothesis of PAH causation of
neoplasia in Brown Bullhead, I concluded that that, with the exception of the general criteria of
Plausibility and Coherence, the criteria were not satisfied for either liver or orocutaneous
neoplasms. In particular, the criteria of Strength, Consistency, and Specificity of association
were not supported in the existing literature. Pinkney et al. (2014) in a review of their robust,
longitudinal data set from throughout the Chesapeake Bay, similarly concluded that even the
well-documented case of neoplasm in Brown Bullhead in the Anacostia River did not fulfil Hill’s
criteria for causation.
It seems likely that the etiologies for both liver and external neoplasms in Brown
Bullhead are more complicated than simple exposure to sediment PAH. As is the case with
cancer in human beings, multiple etiologies including genetics, pathogens, and environmental
contaminants are likely to play a role in neoplasia in Brown Bullhead.
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Chapter 5

Conclusions regarding Neoplasia in the Brown Bullhead Catfish Ameiurus
nebulosus

This study examined the prevalence of neoplasia in Brown Bullhead at sites throughout
northwestern Pennsylvania and Lake Erie and sought to understand the relationship between this
phenomenon and contaminated sediment exposure. Neoplasms in Brown Bullhead are often
viewed as an indication of exposure to anthropogenic contaminants (particularly sediment-bound
PAHs) in the aquatic environment. The bioindicator status of Brown Bullhead, however, is based
largely on correlative field studies conducted and the results of these past investigations are
incongruent. Given the bioindicator status afforded to the species it is important to better
understand the background rates and distribution of the neoplasia phenomenon in Brown
Bullhead and the relationship of this disease to sediment exposure in populations with elevated
prevalences of neoplasms.
In this work, I demonstrated that liver and orocutaneous neoplasms occur in populations
of Brown Bullhead throughout northwestern Pennsylvania and Lake Erie and recommend logistic
regression as the appropriate method for comparing these populations. Logistic regression
models incorporate critical covariates of neoplasia such as specimen age and length, thereby
allowing for meaningful comparisons of fish populations of different demographic composition.
This is an important advancement over the historical (and still frequently used) approach of
simply reporting the unadjusted neoplasm prevalence and mean age of a sample and allowing the
reader to come to their own conclusions regarding the data. Using this approach I also
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demonstrated that neoplasm rates in Lake Erie Brown Bullhead as a whole are significantly
higher than in inland Pennsylvania populations. I further demonstrated that both the liver and
orocutaneous neoplasm rates in Presque Isle Bay, a former Area of Concern in the Great Lakes,
are comparable to the Long Point Inner Harbor reference site in Ontario.
With respect to the causal relationship between sediment exposure and neoplasia, I
demonstrated that exposure to sediment from Presque Isle Bay—a site with a historically high
prevalence of Brown Bullhead neoplasia and elevated sediment levels of PAHs and metals—
resulted in no more adverse impacts to Brown Bullhead specimens than did exposure to sediment
from Canadohta Lake—a site with a low prevalence of Brown Bullhead neoplasia and low levels
of sediment contaminants. In fact, the only evidence of neoplasia at the end of 556 days of
exposure was the presence of a hepatic adenoma in a single specimen exposed to the low
contaminant condition. While there are important limitations to the design of this wholesediment exposure experiment (below), the results nonetheless suggest that simple exposure to
moderate levels of sediment-bound PAHs and metals is insufficient to initiate neoplasia in Brown
Bullhead under laboratory conditions.
Based on the results of these investigations I revisited the published literature specifically
attributing liver and/or orocutaneous neoplasms in Brown Bullhead to PAH-contaminated
sediment in the aquatic environment—the leading etiological hypothesis for neoplasia in Brown
Bullhead. I found incongruent support for this hypothesis in the published literature, with more
published studies tending to refute rather than support a PAH etiology for either orocutaneous or
liver neoplasms in Brown Bullhead. After carefully reviewing the literature and comparing the
weight of evidence against Hill’s (1965) criteria for inferring environmental causation, I
concluded that there is insufficient evidence in the published literature to suggest sediment PAH
etiology for either category of neoplasia in Brown Bullhead. The implication of this conclusion is
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that Brown Bullhead are not a reliable bioindicator of environmental contamination by sedimentbound PAHs.

Limitations to this Research

Field Studies
I investigated the phenomenon of neoplasia in Brown Bullhead at nine sites and
concluded that liver and/or orocutaneous neoplasms were likely to occur in each of the
populations investigated. This conclusion is based on Bayesian logistic regression analyses
originally proposed by Rutter (2010). It should be noted that my analyses were considerably less
sophisticated than those of Rutter (2010), thus the results are not directly comparable. Because
no neoplasms were detected in some of the samples (e.g., no liver neoplasms were detected in
Brown Bullhead in the Canadohta Lake or Dunkirk Harbor samples) I applied a non-informative
prior as a Cauchy distribution as a mathematical necessity. This approach results in a non-zero
probability estimate at sites where no neoplasms where actually detected. Informative priors, if
available, would have resulted in more accurate estimates of neoplasm probabilities, as, of course,
would larger sample sizes. Another important finding was that neoplasia was more likely to
occur in Brown Bullhead in Lake Erie than in inland Pennsylvania lakes. While it may be
tempting to attribute these differences to differences in contaminant levels or other ecological
factors (e.g., pathogens), my field studies did not specifically investigate these hypotheses. Other
plausible hypotheses exist that could also account for these differences. For example, given the
fact that Brown Bullhead experience an elevated incidence of neoplasia relative to their sister
taxon Yellow Bullhead (A. natalis) (Baumann et al., 1996, Bowser et al., 1991), it seems
axiomatic that genetics play an important role in the neoplasia phenomenon. Hybrids of some
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fish species (e.g., Cyprinus carpio x Carassius auratus) are known to have elevated incidences of
spontaneous neoplasm relative to either of the parental species (Baumann, 1992; Mix, 1986) and
gene introgression between Brown Bullhead and Black Bullhead (A. melas) is known to occur in
Lake Erie (Hunnicutt et al., 2005; Walter et al., 2014) although the effect of this introgression on
neoplasia in either species is unknown. Finally, given that Brown Bullhead have a limited home
range (Millard et al., 1996) and that the populations investigated were geographically isolated, it
is important to consider the role of intraspecific genetic divergence in these allopatric populations
even in the absence of introgression.

Whole-sediment Exposure Experiment
As a result of the whole-sediment exposure experiment, I concluded that simple exposure
to PAH-contaminated sediment is insufficient to induce neoplasia in Brown Bullhead.
Limitations in experimental design, however, reduce the extent to which this conclusion can be
generalized. First, the specimens used for this experiment were the progeny of research stock
(N=500) originally collected from South Creek in Aurora, NC in 2004 (Iwanowicz et al., 2009).
This source population of Brown Bullhead was specifically selected because the population was
known to have a low prevalence of neoplasia based on prior samplings (Iwanowicz, personal
communication). No environmental assessment of this site appears to have been conducted,
however, and the extent to which this lineage of Brown Bullhead is genetically representative of
other populations in terms of neoplasia predisposition is unknown. Second, a relatively small
number of specimens (N=66) were obtained for the experiment resulting in limited statistical
power and an unbalanced study design with fewer specimens assigned to the water-only
condition. It is also important to acknowledge that the assignment of specimens to the control
condition was not conducted in the same fashion as the assignment of specimens to the sediment
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conditions. This would have been particularly problematic had exposure effects been
documented. In hindsight, it would have been preferable to assign all specimens in the same
manner and the experiment would have undoubtedly benefitted from a larger number of
specimens. Third, the water-only control group experienced higher proportional mortality (30% v
7.1% (High Contaminant)- 10.7% (Low Contaminant) relative to the sediment conditions,
although this difference wasn’t significant 2(2,66)=3.7044, p>0.05 due to the small sample sizes.
I hypothesize that this differential mortality was due to stresses related to the lack of sediment
(e.g., lack of nitrifying bacteria, lack of cover, lack of sediment infauna, etc.). While the lack of
exposure effects in the sediment conditions again somewhat mitigated this issue, the design
would have been improved by adding chemically-inert sediment (e.g., washed and autoclaved
sand) to the control condition. Fourth, while this experiment was, to my knowledge, the longest
of its kind, there simply may have been insufficient time allowed for the development of the
response variables of greatest interest (e.g., DNA adduct formation and altered hepatic foci).
Therefore it is most appropriate to conclude that exposure to PAH-contaminated sediment was
insufficient to induce neoplasia in Brown Bullhead under the experimental regime utilized by the
investigator.

Revisiting the PAH Hypothesis
After reviewing the foundational literature linking neoplasia in Brown Bullhead to PAHcontaminated sediment, I concluded that the published evidence linking liver and orocutaneous
neoplasms to sediment PAH exposure does not meet Hill’s (1965) epidemiological criteria for
inferring environmental causation. While efforts were made to include representative published
research, this review was not exhaustive and key studies may have been overlooked. Moreover it

90

must be acknowledged that this review was a subjective endeavor and it is entirely possible that
other reviewers may reach very different conclusions after reading the same literature.

Future research
I have provided several critiques of my own research (above) that clearly suggest areas
for improvement. Ideally, sediment analyses for a comprehensive suite of environmental
contaminants should be conducted concurrent with any field collections of Brown Bullhead for
analysis of neoplasia. Logistic regression analysis could then be employed as described above to
understand which, if any, of these contaminants best explain the neoplasia phenomenon.
Alternative experimental designs were also considered for the present investigation that warrant
future consideration. For example, given the likely role that genetics play in the phenomenon of
neoplasia in Brown Bullhead, an alternative design for a microcosm study whereby specimens
obtained from a lab-reared lineage of Brown Bullhead from Presque Isle Bay are exposed to
sediment obtained from Canadohta Lake and vice versa would be instructive. As an alternative to
a microcosm study, specimens could be held in in situ enclosures at the sites of interest and
monitored for the progression of neoplastic disease.
There are several plausible alternative explanations for neoplasia in Brown Bullhead that
remain under investigated. Coffee et al. (2013) provided a recent review of the role of viruses in
fish neoplasms, citing 13 instances of virally-induced proliferative diseases in fishes. While no
such definitive evidence exists for Brown Bullhead, Osburn (1925) reported that Brown Bullhead
neoplasms could be transplanted in the laboratory from fish to fish and Obert (1993) noted that
some raised lesions in captive Brown Bullhead tended to regress over time. These observations
are suggestive of a pathogenic etiology and warrant further investigation. Hunnicutt et al. (2005)
documented introgression of DNA between Black and Brown Bullhead in the Great Lakes, but
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noted that the relationship between hybridization in these species and neoplasia is unknown.
Given the elevated incidence of spontaneous neoplasms in some hybrid fishes (Chapter 1), further
investigation is warranted. Finally, while it appears that neoplasia in Brown Bullhead is not the
result of simple exposure to PAH-contaminated sediment, this does not necessarily mean that
PAHs and/or other environmental xenobiotics do not play a role. It is possible, for example, that
sediment PAHs may initiate carcinogenesis in Brown Bullhead but other unknown chemicals in
the water column are required for neoplasm promotion. It may also be possible that xenobiotics
play a secondary role by weakening the immune system of Brown Bullhead, thus rendering them
more susceptible to pathogens that may play a more primary causal role in the neoplastic disease.
Blazer et al. (2009a, b) conclude that further research is needed to understand the initiators and
promoters of both liver and orocutaneous neoplasms in Brown Bullhead. Given the complex
cocktail of both known and unknown contaminants in degraded environments, however, teasing
apart the relative contributions and interactions of these substances would appear to be a daunting
task.

Concluding Thoughts
Malins et al. (1988) cautioned that specific cause-and-effect relationships between
chemicals and disease may be difficult to determine because of unidentified compounds in the
environment and the complex synergistic and antagonistic interactions of the chemical cocktails
that are actually present. The results of the present investigation underscore this advice. The
current weight of evidence does not support the use of Brown Bullhead as a bioindicator of
environmental contamination. I recommend that the use of Brown Bullhead as a bioindicator
species be discontinued unless new and robust evidence is presented linking neoplastic disease in
this species to specific anthropogenic contaminants at specific concentrations in the environment.
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Appendix A- Critical Review of Key Literature Relating Neoplasia in Brown
Bullhead to Environmental Contaminants in the Great Lakes
Introduction
While myriad anthropogenic chemicals have been associated with neoplasia in Brown
Bullhead (Chapter 1), the existing literature has focused primarily on environmental Polycyclic
Aromatic Hydrocarbons (PAHs) as the causal agents. In a comprehensive review of experimental
fish carcinogenesis, Bunton (1996) found published experimental evidence for a causal
relationship between PAH exposure and neoplasia in Guppy (Poecilia reticulata), Rainbow Trout
(Oncorhynchus mykiss), Bitterling (Rhodeus sericeus), two species of livebearing topminnows
(Poeciliopsis lucida and P. monacha), and Brown Bullhead. There are clear differences,
however, between species of fishes in their response to environmental PAHs (Aas et al., 2001;
Hylland, 2006; Logan, 2007) and the relationship between environmental carcinogens and
neoplasia in Brown Bullhead has been previously challenged. Below is a brief summary of the
important literature. There are clear differences, however, between fish species in their response
to environmental PAHs (Aas et al., 2001; Hylland; 2006; Logan, 2007) and the relationship
between environmental carcinogens and neoplasia in Brown Bullhead has been previously
challenged.
Mix (1986) provided a comprehensive and critical review of the available fish
carcinogenesis literature at the time noting a wide range of quality among studies and authors.
Mix concluded that while there is good scientific evidence linking cancer-like conditions in fishes
from certain areas of the world to environmental contaminants (e.g., English sole (Parophrys
vetulus) in Puget Sound, Washington, USA, several species from the Fox River, Illinois, USA
and Honnibe Croaker (Nibea mitsukuri) and Koichi (N. albiflora) from coastal waters of Japan),
other research suffers from serious if not fatal methodological shortcomings (e.g., inappropriate
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experimental design, lack of replication, lack of statistical analysis, etc.). As related to the Great
Lakes, Mix (1986) states that “The data purported to support a chemical etiology for highly
publicized tumors in fish from the Buffalo River, Torch Lake and Black River are not of a high
quality. Most of the studies from those areas are compromised by inadequate experimental
designs, and further research will be necessary to achieve a more complete understanding of the
possible role, if any, of chemical pollutants in relation to the existence of tumors in fish from
those areas (p. 1).” Nonetheless, these widely-cited studies have been exceedingly influential in
shaping the conceptualization of Brown Bullhead as bioindicators of sediment contamination.
The public concern generated by this research is responsible in large part for Congressional
Hearings on the subject in 1983 at which two of the authors (J. Black and J. Harshbarger)
provided direct testimony. The work of another author (P. Baumann) has been exceedingly
influential in establishing the scientific criteria related to the Fish Tumors or Other Deformities
Beneficial Use Impairment under the Great Lakes Water Quality Agreement (Baumann et al.,
2000; IJC, 1991).
Methods
Given the cardinal importance of this work in establishing Brown Bullhead as
bioindicators of environmental degradation the Great Lakes, this Chapter provides a critical
review of the literature linking neoplasia in Brown Bullhead to environmental contaminants in
the Black and Buffalo Rivers published subsequent to Mix’ (1986) review. Note that the
carcinogenesis studies on Torch Lake (Black et al. 1982) focused on hepatic and epidermal
neoplasia in Sauger (Sander canadensis) and Walleye (S. vitreus) and this work is not further
reviewed herein. This review is not meant to be exhaustive. Rather, I selected the literature that
has been most influential in associating neoplasia in Brown Bullhead to environmental
carcinogens. The critical review follows the style of Mix (1986).
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Black River
Background
Paul Baumann and his associates have conducted numerous field investigations into the
relationships between contaminated sediment and neoplasms in Brown Bullhead throughout the
Great Lakes region and attribute the neoplasm etiology exclusively to the presence of sedimentbound PAHs. Particularly influential has been Baumann’s longitudinal studies of neoplasm
trends in Brown Bullhead in the Black River—a tributary of Lake Erie near Cleveland, Ohio.
Baumann attributes the neoplasm epizootic in these fish to PAHs originating from the operation
of a USS/KOBE Steel coking plant in Lorain Ohio. The former coking plant discharged noncontact cooling and process water to the Black River at River Mile 3.5 (OEPA, 1999). Mix
(1986) reviewed a paper by Baumann et al. (1982) whereby the authors compared Black River
sediments and tissues of Brown Bullhead with and without liver neoplasms to a control site
(Buckeye Lake, Ohio). Based on samplings conducted in 1980, Baumann et al. (1982) reported
that 33% of fish of 3 years or older in the Black River had grossly-visible liver neoplasms while
none of the Buckeye Lake fish had these lesions. The authors also reported high levels of
individual PAHs in Black River sediment samples, ranging from 4800 ppb coronene to 390,000
ppb of phenanthrene as well as elevated levels of PAHs and PCBs in composite whole-fish
samples. Baumann et al. (1982) concluded that elevated PAH levels in the Black River were
likely to be causally related to the elevated incidence of liver neoplasms in the Brown Bullhead.
Mix (1986) found the results of this study to be inadequately reported and the experimental
design unacceptable for the following reasons:
1)

The control site was not appropriate for the study site due to pollution of
the lake by domestic sewage

2)

Fish samples were collected from the Black River at different times than
control fish, thereby confounding results with passage of time
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3)

Sediment samples were collected from 1 to 6 months after the fish
samples

4)

No numerical data were included for evaluating frequencies of
neoplasms in Brown Bullhead from the Black River

5)

Histological analyses for identifying neoplasms were not performed for
reference fish. Since liver neoplasms are not always visible to the naked
eye these lesions may simply have been overlooked at the control site
thereby invalidating any comparisons between the two populations.

6)

PAH analyses were not completed on control sediments so the author’s
conclusion that “the Black River differs from control sites principally in
PAH levels" was not supported by the data

7)

Since there were no analyses for compounds other than PAH and total
PCBs, the conclusion that PAH were the most likely causal factor cannot
be accepted

Baumann et al. have conducted several subsequent studies on the Black River Brown
Bullhead population since Mix’ 1986 review. These investigations are discussed below, and
summarized in Table A-1. The first two studies (Baumann et al., 1985 and 1987) investigate the
tumor phenomenon in Brown Bullhead in the Black River in comparison to a reference site
(Buckeye Lake in Ohio). The latter two studies (Baumann and Harshbarger, 1995 and 1998) are
longitudinal studies of Black River Brown Bullhead tumor rates over time. This review starts
with a reexamination of the original 1982 publication by Baumann et al. immediately below.
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Table A-1. Summary of Studies on the Black River by Baumann et al.
Reference

Authors

Sampling
Year(s)

Sample
Size (N)

Brief Synopsis

Histopathology
Notes

Aging
Method

Sediment
Chemistry?

Tissue Chemistry?

Bauman et al.
(1982)

Baumann, PC,
Smith WC, Ribick
M

1980

No data

Comparison of grossly visible liver
lesion rates, Brown Bullhead tissue
chemistry, and sediment chemistry
(Black River only) between Black River
to Buckeye Lake.

Grossly visible
liver lesions
only

Either spine
OR
estimation
via agelength
regression

PAHs
organochlorines

Baumann and
Harshbarger
(1985)

Baumann, PC
and Harshbarger
JC

1982

N1=233
N2=125

Comparison of grossly visible liver
lesions to liver neoplasms diagnosed
via histopathology. 1980 sediment and
tissue chemistry results compared

Sample N2 only

Pectoral
spines

Baumann et al.
(1987)

Baumann PC,
Smith WD,
Parland WK

1980
1981
1982

N1980=357
N1981=170
N1982=253

Investigation of effects of age,
seasonality, and gender on neoplasm
rates. Comparison of Brown Bullhead
tissue chemistry between Black River
and reference site.

Grossly visible
liver lesions
only

Baumann and
Harshbarger
(1995)

Baumann, PC
and Harshbarger
JC

1980-1987

N1982=124
N1987=80

Longitudinal study of neoplasm and
sediment PAH trends before and after
closure of USX coke plant

All livers
analyzed

Either spine
OR
estimation
via agelength
regression
Pectoral
spines

PAH results
provided
for Black
River
sediment,
none for
reference
site
Results
reported
from
Baumann
et al.
(1982)
including
reference
site data
No

PAHs

Baumann and
Harshbarger
(1998)

Baumann, PC
and Harshbarger
JC

1980-1994

N1980=94
N1981=175
N1982(a)=233
N1982(b)=124
N1985=57
N1987=80
N1992=93
N1994=44

Longitudinal study of neoplasm and
sediment PAH trends before and after
closure of USX coke plant and remedial
sediment dredging event

All livers
analyzed

Pectoral
spines

PAH results
from
published
studies by
others
reported
PAH results
from
published
studies by
others
reported

PAHs from
previous study

PAHs (all),
organochlorides,
pesticides, metals
(some)

No
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Baumann, Smith and Ribick (1982). Hepatic Tumor Rates and Polynuclear Aromatic
Hydrocarbon Levels in Two Populations of Brown Bullhead (Ictalurus nebulosus)
Although this paper was critically reviewed by Mix (1986, above), the study contains
additional limitations not noted in the Mix review. Importantly, only grossly visible liver
neoplasms were selected for histopathological confirmation. Since Baumann and his colleagues
did not observe any grossly visible putative liver neoplasms in the Buckeye Lake reference fish,
none of these Brown Bullhead were subjected to histopathological analysis. Since many liver
neoplasms are not visible to the naked eye (Blazer et al., 2006; Malins et al., 1982; Mix, 1986)
this serves to invalidate the comparison between the Black River study site and the Buckeye Lake
reference site. Baumann maintained this practice of selecting only grossly visible liver lesions for
histopathological analysis in the 1985 (in part) and 1987 publications below. Moreover, the
"tumor" rates reported in this study are solely the result of gross visible observations. These
visible putative tumors were qualitatively confirmed as "cholangiomas" and reported by personal
communication by one of the pathologists (Harshbarger) referenced in the paper to the principal
author. Whether all of the excised lesions were cholangiomas and whether or not other
diagnosable lesions were present is not known.
Specimen age is a possible confounding variable when comparing the Black River
population to the reference site (a problem discussed in some detail below). The authors found a
statistically higher level (p<0.01; test statistic not reported) of liver neoplasms in three plus year
old Black River Brown Bullhead versus two year old Brown Bullhead. However, the majority of
Brown Bullhead at Buckeye Lake were Age 2 v. Age 3+ (249 v. 80, respectively). Unfortunately,
numerical data for the Black River sample are not reported and it is impossible to discern whether
the populations of Brown Bullhead had comparable age structures. It should also be noted that
ages for most of the fish were inferred via age-length regression analysis while only a subset were
actually aged via pectoral spines. Therefore, true ages may have varied from those reported.
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Finally it should be noted that Brown Bullhead in the Black River were found to have
highly elevated total PCB residues in their body tissue (1000 to 1900 ppb) but sediments at the
study site were tested for PAHs only (sediment results from the reference site were not available
at the time of publication but are presented in Baumann and Harshbarger (1985) below). Since
many PCBs are known animal carcinogens (c.f., Cogliano, 1998), this omission is perplexing.
This focus on PAHs to the exclusion of other environmental carcinogens is a hallmark of the
Black River studies as discussed below.

Baumann and Harshbarger (1985). Frequencies of liver neoplasia in a feral fish population
and associated carcinogens
In the first of several collaborations, Baumann and Harshbarger compare the results of
gross visual observations of putative liver neoplasms to histopathology results from two samples
of Brown Bullhead from the Black River in 1982 and relate these lesion rates to sediment PAH
levels at the study site in 1980. Liver neoplasms were estimated via gross observation for the first
sample (N=233) and via histopathological analysis for an additional sample of Brown Bullhead
(N=125) from the Black River study site in 1982. Fish were aged using pectoral spines but
population age structure is not reported. Grossly visible neoplasms were found in 16% of Age 3
Brown Bullhead and 37% of age 4 Brown Bullhead. Histopathological analyses revealed that
additional microscopic neoplasms were present in Brown Bullhead liver tissue that were not
grossly visible to field biologists. The authors conclude that gross observation of (putative) liver
neoplasms is likely to underestimate the true incidence of liver neoplasia in Brown Bullhead
because "early" lesions (defined by the authors to include both hepatocellular neoplasms and
altered foci) are not visible to the naked eye. Unfortunately, the authors did not compare grossly
visible to microscopically diagnosable liver neoplasm rates for the same samples. The authors
further speculate that the elevated frequency of liver neoplasia in Brown Bullhead in the Black
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River was chemically induced as the result of exposure to PAHs. Sediment and PAH data in
Brown Bullhead from the 1980 Buckeye Lake samplings are reported for comparison purposes.
Unfortunately, Brown Bullhead from Buckeye Lake were not resampled for histopathological
analysis of liver lesions. This omission is perplexing given the central findings of the present
study.
While this study was important in suggesting that not all liver neoplasms are grossly
visible to the naked eye, the apparent post-hoc design of this collaboration does not, in fact,
directly allow for this inference. The study design also suffers by comparing study site data to
non-comparable reference site data that were collected two years prior. For example, it is entirely
plausible that Brown Bullhead from the Buckeye Lake reference site, if sampled concurrently,
may have a microscopic liver lesion rate comparable to or exceeding the study site. Furthermore,
liver lesions in these fish may or may not relate to sediment PAH levels at the reference site.
Most importantly, the authors' speculation that liver neoplasms in Brown Bullhead from the
Black River were induced by PAH exposure is inappropriate given that these were the only
chemicals for which the sediment was tested.

Baumann et al. (1987). Tumor frequencies and Contaminant Concentrations in Brown
Bullheads from an Industrialized River and a Recreational Lake.
Baumann et al. report the results of additional sampling events at the Black River study
site in 1981 and 1982. Bullhead were necropsied and livers were examined for the presence of
grossly visible lesions (putative neoplasms). In the event that a grossly visible liver lesion was
present it was excised and preserved for histopathological analysis. Normal livers were not
subjected to histopathological analysis. An additional composite whole-fish sample was tested
for PAHs, heavy metals, and organogchlorides. The authors also retrospectively exam the
relationships between seasonality, age, and gender for samples collected in 1980, 1981, and 1982.
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Results were again compared against Buckeye Lake although the reference site itself was not resampled. The authors note that older (3+) Brown Bullhead had higher incidence rates of tumors
as well as higher tissue concentrations of both PAHs and organochlorides. The authors also
noted an apparent seasonal trend in the incidence of liver neoplasms, with higher incidence rates
occurring in fall versus spring samples and a positive relationship between fish age and tumor
incidence rate. No effect was found for gender on tumor frequency.
The most surprising result of both this study and the earlier work reported in 1982 is the
presence of PAH levels in the whole Brown Bullhead samples in the ppm range. It is highly
unlikely that such PAH concentrations would be found in Brown Bullhead given that these
substances are readily metabolized and not known to accumulate in vertebrates (e.g., Hylland,
2006; Leadley et al., 1998; Van der Oost et al., 2003). In fact, in a study chemical
bioaccumulation by Brown Bullhead in Detroit River sites with heavily contaminated sediment
(including the Trenton Channel site with 346 μg/g of 16 PAHs), Leadley et al. (1998) found that
PAH concentrations in Brown Bullhead flesh were below the 0.20 ppm analytical method
detection limits although levels of other anthropogenic contaminants (e.g., PCBs and pesticides)
in the tissue of Brown Bullhead were highly elevated. Presumably the highly elevated PAH
levels reported by Baumann and Harshbarger are the result of concentrated PAHs in sediment in
the stomachs and/or other internal organs. However, given the preponderance of contrary
literature and the concerns in scholarship discussed below, reports of highly elevated PAH
concentrations in fish should be viewed with extreme skepticism.
Ironically, PCBs are well known to bioaccumulate and highly elevated levels of total
PCBs are also reported in Brown Bullhead from the Black River (Baumann et al., 1987:83: Table
2). Nonetheless, the authors focus almost exclusively on PAHs as the likely causal agents for the
lesions throughout the paper. While this study did provide some numerical data related to lesion
rates in Brown Bullhead, the other criticisms of Mix (1986) still apply. In particular, the
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researchers continued to report liver neoplasms incidences based on a highly-biased practice of
selecting only livers with grossly visible lesions for histopathological analysis. This is
problematic because not all liver neoplasms are grossly visible (Baumann and Harshbarger, 1985;
Blazer et al., 2006; Malins et al., 1982). While the authors consider this practice to lead to a
conservative estimate of the actual neoplasm rate at the study site, it seems that they failed to
appreciate that it would lead to an underestimation of neoplasm rates at control sites as well.
Previously noted limitations with respect to analysis of grossly visible lesions, a sole focus on
PAHs, and comparison against old reference site data still apply.

Baumann and Harshbarger (1995). Decline in Liver Neoplasms in Wild Brown Bullhead
Catfish after Coking Plant Closes and Environmental PAHs Plummet.
In a review of longitudinal data collected at the Black River study site, Baumann and
Harshbarger (1995) report dramatic decreases in Brown Bullhead liver neoplasm rates, sediment
PAH levels, and Brown Bullhead PAH body burden following the 1983 closure of a coking plant
on the Black River near Lorain Ohio. The authors report progressive declines in 11 PAH
compounds in Black River sediment from a total of 1096 μg/g (ppm) in 1980 to 4.27 μg/g in
1987. The authors then report corresponding decreases in liver neoplasms in Brown Bullhead
from 1982 (39%) to 10% (1987) following plant closure. An important methodological change in
this study relative to previous investigations is that livers from all Brown Bullhead sampled were
subjected to histopathological analysis of microscopic lesions. While this methodological change
improves on the past practice of selecting only livers with visible nodules/lesions for
histopathological analysis, the change also limits liver neoplasm data comparability to the years
1982 (c.f. Baumann and Harshbarger, 1985) and 1987. The authors also note a 93% decrease in
tissue PAH concentrations in Brown Bullhead from an astonishing 6515 μg/g (ppm) in 1980 to
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478.1 μg/g in 1982 (also prior to coke plant closure). However, these data appear to be in error as
discussed below. Finally, by comparing the neoplasm incidence rates in cohorts of Brown
Bullhead hatched before and after plant closure, the authors assert that their data “affirm a causeand-effect relationship” between PAH exposure and liver cancer in wild fish (Baumann and
Harshbarger, 1995: 168).
Unfortunately, this often-cited study is fatally flawed as a result of extensive problems
related to study design, methods, data comparability and quality, Brown Bullhead aging methods,
and faulty inference. Beginning with the incredible burdens of tissue PAH reported by the
authors, there appears to have been an error in copying data from previous studies. The tissue
PAH values in Brown Bullhead reported in the present study (ranging from 478.1 to 6515.5 μg/g
or parts per million) exceed the levels of PAHs reported in the sediment. However, the 1980 and
1981 data points were previously reported by Baumann et al. (1982, 1985 and 1987) as ng/g or
parts per billion. Presumably the new 1982 data point should have been reported in ppb as well.
Regardless, this 93% decrease in tissue PAH burden occurred prior to the closure of coking plant
(although the authors do suggest that there had been a slowing of production prior to that point)
and these values appear spuriously high even if the correct units are ppb.
The largest absolute decrease in sediment PAH concentrations similarly happened prior
to coke plant closure (from 1096 ppm in 1980 to 381.2 ppm in 1982). However, the 1980 and
1982 values are not directly comparable because the baseline sediment sample (the only ones
collected and analyzed by the authors themselves) was collected from a single site within 100 m
of the coking plant outfall while sediment samples during latter years were collected and
averaged from at least 5 different locations within 1 km of the outfall. Therefore, distance is a
compounding variable when comparing changes in concentration from 1980 to 1982. Ohio EPA
(1994) reports that, with the exception of naphthalene immediately below the coking plant outfall
other PAHs were below analytical detection limits during agency sampling in 1982. The dubious
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tissue PAH values detected by the authors further call into question the validity of the 1980
sediment PAH results. A somewhat more modest decrease to 185 ppm is reported following
plant closure in the 1984 sample while levels were nearly 50 fold lower in 1987 (4.27 ppm). Care
is warranted in comparison of latter sediment PAH values as well because they are a compilation
of data reported by other investigators. While all studies report sediment PAH analysis via Gas
Chromatograph/Mass Spectrometer (GC/MS), differences among field sampling and laboratory
methods (e.g., sediment extractions and changes in analytical detection limits) cannot be ruled
out.
The authors’ conclusion that the elevated liver neoplasm rates seen in the early 1980s
were a result of PAH exposure is not warranted by the data. Data on non-PAH contaminant
levels in the Black River sediment are not reported and other neoplasm etiologies are not
considered. Most critically, five years had passed between sampling events and it is impossible
to know how liver neoplasm rates in Brown Bullhead corresponded to decreasing sediment PAH
levels during this time. It is entirely plausible that neoplasm rates were uncorrelated with or
negatively correlated with sediment PAH levels during this time. Finally, given that no control
sites were used for this study, it is impossible to know how liver neoplasm rates vary over time in
Brown Bullhead populations from less contaminated waterbodies. In summary, the shortcomings
associates with this study include:
1) No control site was used for the study
2) Erroneous data related to PAH levels in Brown Bullhead tissue were reported
3) Bullhead were not collected during the same years and locations as sediment samples
4)

Data for contaminants other than PAHs were not considered, therefore the conclusion
that PAH were the most likely causal factor cannot be accepted

5) Comparing the results of various researchers using various sampling and analytical
methods is not appropriate for a longitudinal study
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In short, this study is deeply flawed and does not support the relationship claimed by the
authors.

Baumann and Harshbarger (1998). Long term trends in liver neoplasm epizootics of Brown
Bullhead in the Black River.
In this paper the authors report additional sampling events on the Black River in 1992,
1993, and 1994 using the methods described above. Upon resampling the Brown Bullhead in
1992 and 1993 the author’s detected neoplasm levels comparable to those in the early 1980s prior
to cessation of coke plant operations in 1983 (the manuscript variously reports this date as 1983
and 1993). In a comparison of the incidence of total liver neoplasms (both malignant and benign)
in age three Brown Bullhead (based on pectoral spine ages), the authors report a 46% neoplasm
incidence (17/37) in 1992 and a 61% incidence (34/56) in 1993. Conversely, no liver neoplasia
was detected in age three Brown Bullhead (N=27) collected in 1994 (Table A-2).
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Table A-2. Liver neoplasm rates in Age 3 Bullhead as confirmed via histopathology and sediment PAH
levels over time. NA- Not applicable. NC- Data not comparable due to methodological change. NS- no sample
collected. Data are as reported in Baumann and Harshbarger (1998).

Sampling Presumed Sample
Year
Hatching Size
Year

Total
Sediment
Liver
PAH levels
Neoplasm
Incidence
(%)

1980

NA

NA

NC

1096

1982

1979

48

56

381.2

1984

NS

NS

NS

185.1

1987

1984

42

21

4.27

1992

1989

37

46

16.6

1993

1990

56

61

NS

1994

1991

27

0

9.826

By examining three year old Brown Bullhead , the authors reason that the Brown
Bullhead collected in 1992 and 1993 were exposed (as YOY or yearlings, respectively) to
contaminated sediment that was presumably mobilized during a 1989-1990 remedial dredging
activity and this exposure is responsible for the unexpected uptick in liver neoplasms. By the
same reasoning the authors suggest that the lack of liver neoplasms in the 1994 sample is
attributed to the lack of exposure of this cohort to the remedial dredging event. The proposed
ecotoxicological mechanism for this acute exposure and response is not explained. Liver
neoplasm incidence data are also reported for Brown Bullhead aged 3 and older as well and these
data show a similar pattern. Unfortunately, neither numerical nor central tendency aging data are
provided, making it impossible to compare the sampled populations in terms of age structure.
Curiously, a previously unreported data point for a 1985 sample (Baumann and Harshbarger
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1998:218: Figure 2) indicating a grossly visible liver lesion rate of approximately 19% (N=57).
The sample was collected two years subsequent to the closure of the coking plant in 1983 yet
show a lesion rate statistically indistinguishable from a sample collected in 1981 prior to the
cessation of operations.
No Black River sediment samples exist for the period between 1988 and 1991. However,
the authors report sediment PAH data compiled by others reporting a total of 16.6 ppm for eleven
measured PAHs in 1992 and 9.826 ppm for most of nine of these eleven same compounds in
1994. The authors note that that these values are elevated relative to the last (1987) value of 4.27
ppm and attribute these increases to residual contamination from the remedial dredging event.
Baumann and Harshbarger view these results as further evidence of the causal role of PAH in
liver cancer in Brown Bullhead.
After reviewing this study, it is hard to escape the conclusion that the authors relied on
post-hoc speculation to explain unexpected changes in neoplasm rates in Brown Bullhead in the
Black River. It should be stated at the outset that there are no data to suggest that the remobilization of highly contaminated sediment hypothesized by the authors actually occurred. In
fact, the data reported in the publication show relatively low levels of total sediment PAH both
before and after remedial dredging. While the authors note a “four-fold” (p. 219) increase in
PAHs in 1992 (2-3 years subsequent to dredging) than in 1987 (2-3 years prior to dredging), this
range of variation is well within the temporal and spatial variation noted by Ohio EPA in Black
River sediment sampling events conducted in 1992 and 1997 (OEPA 1999:97: Figure 42) and a
statistical treatment of these averaged values was never conducted. More importantly no two
sediment chemistry data points are from the same investigator. Data sources cited in this paper
include peer and non-peer reviewed studies (e.g., a remedial action plan) and a personal
communication. Only the original 1980 sample was collected and analyzed by the authors
themselves, and this was from a point immediately below the outfall of the coking plant
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(Baumann et al., 1998). The 1982 sample by West et al. was similarly collected from a single
point below the outfall while the 1984 sample by Fabacher et al. was a composite of samples
from various depositional areas in the vicinity of the US/Kobe Steel complex (Fabacher et al.
1988). The 1987 sample was a composite from 3-4 stations along a transect in a depositional
zone (Smith et al. 1994) while the 1992 “sample” is actually the average value of several samples
collected at various sites downstream of the US Steel complex (OEPA, 1994). The 1994 sample
results are per the verbal report of an individual identified only as “Munkittrick” without any
additional information. Furthermore, not all of the 11 original PAH compounds were analyzed in
the latter two (1992 and 1994) samples even though “total” PAH values are compared over time.
Clearly these sediment data are not comparable in terms of sampling location, number of samples
collected, analytical laboratories and methods, and PAH analytes reported.
Due to substantive changes in the methods for liver neoplasm analysis over the course of
this longitudinal study, analyses based on grossly visible liver lesions are not comparable with
randomly selected liver analyses. With respect to the latter, the 1982 sample serves as the
baseline data point for conditions in the Black River prior to the closure of the coking facility. At
this point a 56% total liver neoplasm rate was reported for three year old Brown Bullhead that
would have been theoretically exposed to the highest PAH levels (Baumann and Harshbarger,
1998: 221: Figure IV). The 1987 sample, the first collected subsequent to plant closure, revealed
a 21% total neoplasm rate. During this same period the authors report a “plummeting” of
sediment PAH levels (subject to the caveats above) from 381.2 ppm to 4.27 ppm. The liver
neoplasm frequencies reported in 1992 and 1993 are statistically indistinguishable from the
baseline rate (Fisher’s Exact Test, p>0.05) even though sediment PAH levels remain orders of
magnitude lower. Similarly, the absence of neoplasms (0%) documented in the 1994 sample is
significantly lower (Fisher’s Exact Test, p=0.017) than the 21% rate found in 1987 even though
the sediment PAH values are (per verbal report to the authors) twice as high. It is also impossible
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to understand the relationships, if any, between liver neoplasm rates and sediment PAH values
during the substantial intervals during which no samples were collected. The data presented
simply do not support the authors’ conjecture that relatively brief exposure to previously buried
sediment-bound PAHs is the reason for the return to baseline conditions.
A central tenet of the present study is that Brown Bullhead hatched before or after
theoretically critical events (e.g., coking plant closure and remedial dredging) are exposed to
more or less contaminated sediment during critical early life history stages. In order to make this
determination, the author’s used pectoral spines to determine Brown Bullhead age. However,
otoliths are the preferred structure for aging Brown Bullhead because the central lumen of the
pectoral spine tends to enlarge over time, leading to the loss of growth annuli and the systematic
underestimation of fish age (Maceina and Sammons, 2006). The implication of this fact is that
these individual Brown Bullhead may have been quite a bit older and may have been exposed to
higher levels of contaminants. Based on my own analysis of 360 paired Brown Bullhead pectoral
spines and lapillar otoliths, I found spine-based ages to underestimate otolith-based age in
accordance to the following linear regression model:

y = 1.3442x-1.1332

Where y is otolith-based age and x is spine-based age. The oldest individuals in my data
set were 18 years old based on otolith ages but only 11 years old based on pectoral spine ages.
The reliance on spine-derived ages by the authors undermines their central premise that Brown
Bullhead hatched subsequent to closure of the coke plant would be expected to have a lower
neoplasm frequency since hatching dates may have, in fact, been considerably earlier than
reported.
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Once again the authors conclude that high liver tumors in Black River Brown Bullhead
are the result of PAH exposure. This inference is simply not warranted because no actual
statistical correlation between liver neoplasm and sediment PAH was ever conducted and levels
of chemicals other than PAHs were never reported for the Black River sediment. It is plausible
that any number of confounding biotic and abiotic factors may be correlated to changes in
neoplasm rates in Brown Bullhead in the Black River.
In summary, the shortcomings associates with this study include:
1) Long gaps between 1987 and 1992 sampling events make it impossible to discern
trends
2) No control site was used for the study
3) Bullhead were not collected during the same years and locations as sediment
samples
4)

Data for contaminants other than PAHs were not considered, therefore the
conclusion that PAH were the most likely causal factor cannot be accepted

5) Inaccurate Brown Bullhead aging methods call into question the central
"hatching date-exposure" premise of the study.
6) There is little dose-response relationship between the sediment and neoplasm
data.
7) Comparable PAH parameters not analyzed in all sampling events yet “total”
values treated as equivalent.
8) No statistical comparisons of sediment data.
9) Comparing the results of various researchers using various sampling and
analytical methods is not appropriate for a longitudinal study
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Blazer, VS, Mazik, PM, Iwanowicz, LR, Braham, RP, Hahn, C, Walsh, HL, and Sperry, AJ.
2014. Assessment of the Fish Tumor Beneficial Use Impairment in Brown Bullhead
(Ameiurus nebulosus) at Selected Great Lakes Areas of Concern.
The most recent published data related to neoplasm rates in Black River Brown Bullhead
were published in the grey literature by Blazer et al. (2014). This USGS agency report
summarized tumor data in Brown Bullhead obtained during USGS surveys conducted from 2011
through 2013 at 11 sites throughout Lake Erie and Lake Ontario. A summary of the results of
this survey are provided in Table A-3. Two sites on the lower and upper Black River were
sampled in 2012 and 2013, respectively. Bullhead were subjected to necropsy and all liver tissue
(along with some but not all suspected orocutaneous neoplasms) were examined for the presence
of histopathological lesions. Bullhead were aged using lapillar otoliths and mean ages were
found to be 5.2 +0.4 years for the 2012 sample (N=30) and 6.3 years for the 2013 sample (N=40).
Blazer and her colleagues diagnosed a 10% liver neoplasm rate in the 2012 sample and a 12.5%
liver neoplasm rate in 2013. Orocutaneous neoplasm rates are also reported.
While these data are not directly comparable to the Baumann et al. studies due to
methodological differences, they nonetheless show that liver neoplasia persists in Brown
Bullhead in the Black River at rates comparable to the median (12.5%) of other Areas of Concern
on the lower Great Lakes (Table A-3). The Blazer et al. (2014) data set is also important in that it
represents the most comprehensive sampling of neoplasia in Brown Bullhead in the Great Lakes
using comparable methods. These investigators report that liver neoplasm rates range from 0% in
Wolf Creek in the Maumee River, Ohio AOC and, surprisingly, the lower Niagara River to 27.5%
in the Cleveland Harbor portion of the Cuyahoga River. External neoplasms range from 0% in
Wolf and Otter Creeks (Maumee AOC) to 61.5% in a Niagara River site.
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Table A-3. Summary of histopathological investigations of Brown Bullhead neoplasms conducted by
Blazer et al. (2014).

Mean
Mean age

External

Liver

(yr. + SE)

neoplasms

neoplasms

30.28

5.84 ± 0.35

18.56

7.94

31.6

5.84 ± 0.32

6.53

4.57

Sampling

Sample

Mean age

External

Liver

date

size

(yr.)

neoplasms

neoplasms

Upper Black River

5/21/2013

40

6.3 ± 0.2

15

12.5

Lower Black River

8/15/2012

30

5.2 ± 0.4

10

10

New Channel

9/7/2012

24

5.1 ± 0.4

4.2

8.3

Old Channel

9/6/2012

27

5.1 ± 0.4

14.8

3.7

Euclid Creek

5/8/2013

40

5.9 ± 0.3

12.5

12.5

Maumee River

9/17/2012

45

3.1 ± 0.5

2.2

4.4

Ottawa River

9/20/2012

40

6.1 ± 0.3

10

17.5

Turtle Creek

9/25/2012

40

5.8 ± 0.3

2.5

17.5

Wolf Creek

9/28/2012

15

2.7 ± 0.3

0

0

Otter Creek

5/15/2013

40

3.6 ± 0.2

0

17.1

Toussaint River

10/4/2012

40

5.8 ± 0.3

2.5

17.5

Sample
size
Means of all sites
combined
Means of Reference
Sites

Areas of Concern

Cuyahoga River

Maumee AOC

Rochester Embayment
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Genesee River

5/11/2011

20

7.5 ± 0.6

30

10

Irondequoint Bay

4/25/2012

20

8.0 ± 0.6

35

5

Long Pond

4/26/2012

20

7.5 ± 0.3

30

10

Middle – Grand Island

6/14/2011

26

6.2 ± 0.3

61.5

7.7

Middle – Love Canal

6/21/2011

24

6.5 ± 0.3

45.8

4.2

Upper – developed

6/12/2012

25

6.8 ± 0.3

28

4

Upper – undeveloped

6/13/2012

25

6.8 ± 0.2

44

4

Lower

7/23/2013

50

4.2 ± 0.3

22

0

5/18/2011

20

5.6 ± 0.3

32.5

7.5

5/9/2012

20

6.5 ± 0.5

4/25/2011

20

7.7 ± 0.4

30

7.5

10/4/2011

19

6.7 ± 0.5

Presque Isle Bay

5/7/2013

50

5.4 ± 0.3

12

4

Reference Sites

**

**

**

Conneaut Creek

4/26/2011

20

7.0 ± 0.5

10/5/2011

20

6.7 ± 0.3

5/6/2013

40

4.9 ± 0.3

Huron River

5/9/2013

28

Long Point Inner Bay

4/30/2013

50

Niagara River

Detroit River-Trenton
Channel

Ashtabula River

**
10

2.5

4.8 ± 0.3

3.6

7.2

5.8 ± 0.2

6

4
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The investigators specifically note that Brown Bullhead were relatively younger in the
Wolf Creek, Otter Creek, lower Niagara River and Huron River sites (Blazer et al., 2014:6) and
recognize this as a confounding factor when making comparisons among sites. However, there
was no correction of the data for specimen age and statistical comparisons were not conducted.
Rutter (2010) proposes a hierarchical Bayesian logistic regression approach to normalize
neoplasm data among populations of Brown Bullhead and compare data among sites.
Importantly, Blazer et al. do not speculate regarding the neoplasm etiology, instead concluding
that this needs to be understood.

Discussion of the Black River studies
The Black River studies by Baumann et al. are replete with troubling issues related to
study design, methodology, data quality, and inference. Perhaps most troubling of these is the
focus on PAHs as the cause of liver neoplasia in Brown Bullhead to the exclusion of other
explanatory factors. In fact, one could argue that the latter studies were a post-hoc attempt to
interpret field data in a manner that accommodates the PAH hypothesis that is central to these
studies. The Black River and Buckeye Lake reference sites were not evaluated in a comparable
manner, providing little context in which to understand the tumor phenomenon in the Black
River. Latter studies abandoned comparison to reference sites entirely in favor of relating
purported trends in sediment quality and liver neoplasia to various environmental changes in the
Black River watershed (i.e., the closing of the USS/Kobe coking plant and remedial dredging
activities). However, the design of these investigations is not appropriate for a longitudinal study.
Sediment quality data are a compilation of work by various investigators using different field
collection and laboratory methods, thereby confounding trend analysis with methodological
differences. The authors’ own methods of Brown Bullhead assessment evolved considerably
over time. While some of these methodological changes were clearly improvements (e.g.,
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subjecting all liver tissue to histopathological analysis), certain limitations persisted (e.g., relying
on pectoral spines to age specimens and not correcting neoplasm results for sample age structure)
and frustrate comparison among sampling events. Errors in data reporting tend to further
undermine confidence in the research and data regarding PAH burden in Brown Bullhead and
some sediment quality data are highly suspect. In short, the low quality of these studies precludes
their use as the basis for a chemical etiology for neoplasms in Brown Bullhead in the Black River.
Problems associated with the Black River Studies include:
1)

Focus on sediment PAH to the exclusion of other possible causal factors

2)

Numerical data are often lacking or the result of personal communications form

others
3)

Selective estimation of liver neoplasm rates based on grossly visible lesions

only
4)

Lack of histological verification of suspected "tumors" in earlier studies

5)

Inaccurate and inconsistent estimation of Brown Bullhead age in longitudinal

studies where accurate aging was essential to the central premise
6)

Inappropriate reference site selection

7)

Comparison of ongoing study site data to historical reference site data

8)

Suspect PAH results by authors compared against data from others to infer

sediment contamination trends
9)

Long gaps between sampling events in longitudinal studies

10)

Post-hoc speculation regarding cause-effect relationships in correlational data

11)

Changing methodology confounds data comparability in longitudinal studies

12)

No dose-response relationships apparent in study data

13)

Erroneous data reported in some studies
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Buffalo River, New York
Background
The Buffalo River in the vicinity of the City of Buffalo in western New York state has
been designated an AOC under the Great Lakes Water Quality Agreement. The New York state
Department of Environmental Conservation (NYDEC, 1989) report numerous combined sewer
overflow (CSO) outfalls within the watershed that discharge into the Buffalo River during storm
events. There are also 45 inactive hazardous waste sites within the AOC. Pollution inputs to the
AOC have resulted in the accumulation of a variety of contaminants of concern in the Buffalo
River sediment including PCBs, PAHs, metals, and industrial organics (NYSDEC, 1989). John
Black and his colleagues conducted experimental exposures of mice and Brown Bullhead to
orally and topically-administered sediment extracts from the Buffalo River and have documented
the development of skin neoplasms and other deformities in the test organisms. These studies are
frequently cited as experimental evidence of a PAH etiology for tumors in feral Brown Bullhead.
Mix (1986) reviewed several papers by Black and his colleagues and found them to be
seriously deficient. Surprisingly, Mix found that the only published numerical data of tumor rates
in feral Brown Bullhead in the Buffalo River was a study by Black et al. (1980) reporting dermal
papillomas in 2 of 9 specimens. Postulating that PAHs were the primary cause of the tumors,
Black (1982) painted the upper lip of 69 Brown Bullhead with a 5% river sediment extract while
22 controls were treated with solvent only. The fish were painted once a week except during
'occasional outbreaks' of a bacterial disease during which paintings were temporarily suspended.
By the end of the experiment, 18 months later, only 22 experimental fish (31.9%) and five
controls (31.2%) were still alive. Three of the experimental Brown Bullhead had developed skin
papillomas while none of the five control fish showed any lesions. These results were taken to be
evidence of chemical (specifically PAH) etiology for the external lesions in Brown Bullhead. A
similar study was conducted on mice yielding similar results (Black et al., 1985).
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Mix found the skin-painting study to be unacceptable for the following reasons:
1) The hexane/acetate solvent mixture used was not specific for extracting PAHs;
virtually any polar compounds (PCBs, chlorinated hydrocarbons, pesticides etc.)
would also be extracted
2) Artificially high levels of contaminants were used in the extracts, and extrapolation
from the laboratory to the environment is not warranted.
3) There were no positive controls (apparently they perished when a thermostat
malfunctioned).
4) It is not clear whether true neoplasms were actually observed in the experimental fish
(however, see Black et al. (1985) below).
5) The experimental design used in the skin-painting study was generally inadequate
and the experimental procedure poor. Specifically:
a. The control and treatment groups were unbalanced and the fish suffered
bacterial disease during the experiment, so skin paintings were temporarily
suspended.
b. There were no positive controls and over two-thirds of the fish in both groups
died before the end of the study.

There have been fewer published studies of Brown Bullhead neoplasia in the Buffalo
River subsequent to the Mix (1986) review and the interesting Brown Bullhead skin-painting
experiments by J. Black (critically reviewed by Mix) do not appear to have been replicated.
However, Black et al. (1985) did publish a manuscript not reviewed by Mix (1986) that provided
additional details related to the Brown Bullhead and mice skin painting experiments. Details of
this study and other published samplings of Brown Bullhead on the Buffalo River follow.
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Black, J., Fox, H., Black, P., & Bock, F. (1985). Carcinogenic effects of river sediment
extracts in fish and mice.
Black et al. (1985) provide additional details related to the skin painting experiment on
Brown Bullhead reviewed by Mix (1986) and report the results of a similar experiment using
Swiss-strain lab mice (strain IcRHa). An experimental oral administration of 5% Buffalo River
sediment extract to 12 Brown Bullhead is also discussed.
With respect to the skin painting experiment, the authors report the results of
histopathological analyses of the lesions described by Black et al. (1983a,b). Eight of 22
surviving Brown Bullhead N0=69) had diagnosable dermal papillomas while the five surviving
controls appeared normal. For the oral administration experiment, sediment extract was added to
commercial trout pellets and fish were fed this diet for either 4 months (N=5) or 7 months (N=6).
While unclear, it appears from the text that a single specimen served as a control. One of 5
Brown Bullhead exposed for four months developed "incipient" liver neoplasms and 3 of 6 fish
exposed for 7 months developed neoplastic or preneoplastic liver lesions. The fate of the control
fish is not discussed.
Black et al. conducted experimental instigations of both Buffalo River and Black River
sediment extract as both a complete carcinogens (i.e., single-stage, direct -acting) as well as
tumor initiators and promotor in the formation of skin tumors in mice. With respect to the former
experiment, both Buffalo River and Black River sediment extracts alone or in combination with
the PAH benzo (a)pyrene as a carcinogen promoter were applied to the shaved backs of
experimental mice. Neoplasm rates after 30 weeks of treatment (5 applications of 1.0ml doses
per week) ranged from 0% in acetone-only controls to 86% in a group treated with 66ug/ml BaP
combined with 2.0% Buffalo River sediment extract. Buffalo River extract alone was associated
with a 30% incidence of neoplasms while Black River extract was associated with an 80%
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incidence of liver neoplasms. In a second experiment, Buffalo River sediment extract was
evaluated for its relative potential as a tumor initiator and promotor. When a single 0.25ml dose
of Buffalo River sediment extract was followed by 3 weeks of daily applications of the promotor
tetradecanoyl phorbol acetate (TPA) an 8% incidence of neoplasms was observed. This was
interpreted as a low level of cancer initiating activity. When Buffalo River sediment extract was
applied as above following initiation by the PAH carcinogen dimethylbenz (a) anthracene
(DMBA), however, 52% neoplasm rate was observed. Since a 30% neoplasm rate result from the
direct-carcinogen experiment, this 22% "excess" neoplasms rate was interpreted as evidence of
tumor promoting activity.
In addition to the concerns raised by Mix (1986), the small sample size and mortality
experienced by the control group Brown Bullhead in the skin painting experiment is of particular
concern because Peters and Watermann (1979) report that mechanical abrasion alone (as
employed by Black et al.) is sufficient to induce papilloma-like skin tumors in several species of
fish . The small sample sizes (especially for the control group) employed by Black in the Brown
Bullhead skin painting study preclude meaningful interpretation of the results. Therefore, it is
important to replicate this experiment with proper experimental design in order to better
understand the relative roles of the sediment extract versus the mechanical application of same in
the development of the skin lesions on these fish. The small sample sizes and paucity of data
reported for the Brown Bullhead feeding study. Again, replication with improved experimental
design is clearly warranted.
The mouse painting experiment, while interesting, is also open to criticism. While many
xenobiotics are known to initiate skin tumors in mice (Nesnow et al., 1983), Argyris (1980)
demonstrated persuasively that mechanical abrasion was sufficient to promote skin tumor
development in mice initiated with DMBA. Therefore, it is entirely plausible that the lesions
induced in lab mice by Black et al. (1985) are the result of repeated mechanical abrasion of
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epidermal and or dermal tissue rather than a promoting substance or substances in the river
sediment extract.
To the authors' credit, Black et al. clarify that while these experiments suggest a
sediment-born contaminant, they do not prove a causal relationship nor do they reveal the identity
of the causal agent. Therefore, the frequent citation of Black's work as evidence of PAH
causation is clearly unwarranted.

Baumann et al. (2000). Fish Tumors or Other Deformities. Lake Erie Lakewide
Management Plan (LaMP) Technical Report Series. Technical Report No. 6.
In a technical report for the Lake Erie Lakewide Management Plan, Baumann et al.
(2000) reference unpublished data from Brown Bullhead collections on the Buffalo River in 1983
and 1988. Liver neoplasm incidence rates were found to be 26.5% (N=30) and 19% (N=100)
during these surveys. The incidence or external neoplasms was reported as 23% on both
occasions. PAHs are suggested as the causal agents based on previous work. However, no aging
or methodological metadata whatsoever accompanied these tabular data and it is unclear whether
these data reflect histologically verified neoplasms or grossly visible lesions.

Maccubbin, Black, and Dunn. 1990. 32P-postlabeling detection of DNA adducts in fish from
chemically contaminated waterways.
Maccubbin et al. (1990) collected 26 Brown Bullhead from the Buffalo River as part of a
larger study investigating the utility of DNA adducts as biomarkers of contaminant exposure.
The authors report that 2 of these fish (7.6%) had diagnosable liver neoplasms (the report of a
26.9% liver neoplasm rate elsewhere in the paper appears to have been in error). Florescent
aromatic compounds (indicative of recent PAH exposure) were also higher in Buffalo River
Brown Bullhead bile relative to fish collected from the industrially-contaminated Trenton
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Channel of the Detroit River. However, sample sizes of Brown Bullhead from the Detroit River
were exceedingly small (N=6) and statistical comparisons of the 2 field sites were not conducted.
Moreover, sampling location, date (year), Brown Bullhead age and other critical data were
omitted from the manuscript.

Eufemia et al. 1997. Biochemical responses to sediment-associated contaminants in Brown
Bullhead (Ameiurus nebulosus) from the Niagara River ecosystem
Eufemia et al. (1997) collected Brown Bullhead on 2 occasions in 1991 from the Buffalo
River (N=45), the Niagara River adjacent to the Love Canal dump site (N=44), and Black Creek,
a Canadian tributary of the Niagara River (N=33) for the purposes of evaluating various
biomarkers of xenobiotic exposure. A single sediment sample was collected from each of these
sites and analyzed for the presence of PAHs and chlorinated hydrocarbons (CHs, e.g., PCBs and
dioxins). Bile of collected Brown Bullhead was analyzed for fluorescent aromatic compounds
and liver tissue was assayed for microsomal cytochrome P450 (CYP) and P4501A (CYP1A)
contents and ethoxyresorufin-O-deethylase (EROD) activities, total glutathione (TH-GSH)
concentrations, concentrations of 8-oxodeoxyguanosine (8-oxo-dG), and concentrations of
hydrophobic DNA adducts (as measured by 32P-postlabelling). In addition, a laboratory
experiment was performed on hatchery-reared Brown Bullhead to examine CYP1A-associated
responses in Brown Bullhead exposed to the PAH-like compound and CYP inducer βnaphthoflavone (BNF). The presence or absence of actual neoplasms was not reported.

The researchers found elevated levels of total sediment PAHs (24 compounds) at both the
Buffalo River and Niagara River sites (3300 ng/g and 5400 ng/g, respectively). The Niagara
River site was also found to have extremely elevated levels of CHs relative to the other sites
(1400 ng/g v. 25-270 ng/. With respect to biomarker response, fish from the Buffalo River
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displayed the greatest concentrations of fluorescent compounds in bile and hepatic DNA adducts
while fish from the Love Canal site displayed the greatest microsomal CYP1A concentrations and
EROD activities. The researchers attribute these differences in biomarker response to differences
in the sediment contaminants found at each site. However, the authors caution that it is difficult
to reach definitive conclusions about biochemical responses to contaminants is especially difficult
with field samples because of the complex mixtures of contaminants found at polluted sites.
Blazer et al. (2009b) report the results of a USGS study known as the Lake Erie
Ecological Investigation. Eleven sites including both the Black and Buffalo Rivers were sampled
for this comprehensive yet unpublished study. The investigators report a 4.8% incidence of liver
neoplasia in a sample of Brown Bullhead (N=41) collected from the Buffalo River in June of
1998. No age data were reported for these fish, however, and results are unable to be compared
against the Baumann et al. (2000) report due to lacking methodological information in the former
study. Mean age data from the other 10 sites investigated are provided but neoplasm data are not
adjusted for age differences hindering comparisons among sites.

Lauren et al. 2010. Long‐term trends in liver neoplasms in Brown Bullhead in the Buffalo
River, New York, USA. Environmental Toxicology and Chemistry, 29(8), 1748-1754.
The most recent assessment of Brown Bullhead neoplasia in the Buffalo River was
conducted in 2008 by Lauren et al. (2010). A total of 37 Brown Bullhead were collected from 3
different reaches of the lower river and assessed for condition factor, hepatosomotic index, and
the prevalence of liver and external neoplasms. Livers from all fish were subjected to
histopathological analysis and 3 individuals (8.1%) were found to have diagnosable liver
neoplasms. While noting the difficulties in comparing their results against the former studies,
Lauren et al. Nonetheless note a decrease in the incidence of neoplasia over time (relative to some
earlier studies) and attribute this to a decrease in sediment contaminant inputs over time. In
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support of this supposition the study notes that sediment core total PAH levels for the Buffalo
River main channel are lower in more recently deposited sediment. However, no sediment
analyses were conducted for the present study and the source of these data are not cited.

Buffalo River Discussion
The only study discussed above that directly investigates the etiology of Brown Bullhead
tumors in the Buffalo River is the publication by Black et al. (1985). Unfortunately, the majority
of the criticisms offered by Mix (1986) in response to Black et al.'s earlier papers also apply to
the subsequent publication. The skin painting studies also suffer from a fatal confounding factor
not discussed by Mix--i.e., the role of mechanical abrasion in inducing (Brown Bullhead) and or
promoting (mice) skin tumors. These studies also suffer from serious methodological (e.g., high
mortality rates of experimental fish due to disease epizootics) and design (e.g., small sample sizes
and inadequate experimental control) problems. The other studies cited simply report average
neoplasm rates or discuss the performance of various biomarkers in various fish populations. The
data points listed in Baumann et al. (2000) rely on unpublished data and provide no relevant
methodological details. Neither the Baumann et al. (2000) or Blazer et al. (2009) papers report
age data for their Buffalo River Brown Bullhead samples, further confounding any data
comparisons. The Lauren et al. (2010) study is suitably designed (e.g., Brown Bullhead were
aged) and methodological details are reported. However, the authors’ conclusion that “the most
likely explanation for this reduction in liver tumors is natural [contaminant] attenuation” (p.
1751) is not supported. No sediment contaminants were actually evaluated for the study and only
summary PAH data from an unknown source are reported to support this conclusion. Data for
other chemical contaminants were apparently not considered and the reason(s) for the PAH
attenuation are not discussed. Nonetheless, the Buffalo River studies show that variability in
Brown Bullhead liver neoplasm rates occur in the environment over time.
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Both the Maccubbin et al. (1990) and Eufemia et al. (1997) studies report elevated
biomarkers of contaminant exposure in Buffalo River Brown Bullhead relative to control sites.
However, the broad responses of certain biomarkers (e.g., the CYP system) and the complexity
and potential interactions of contaminant mixtures actually present in the environment confound
interpretation of these results (Blazer et al., 2009, Eufemia, 1997). In addition, the Maccubbin et
al. study relied on very small samples of Brown Bullhead for comparison against the Buffalo
River. Blazer et al. (2009) note that diagnostic criteria in the aforementioned studies varied
considerably and the results are therefore not comparable.
The experimental work of Black and his colleagues, while intriguing, must be replicated
with better design and control in order to better understand the phenomenon observed by Black in
his laboratory. The remaining research conducted on the Buffalo River is primarily descriptive in
nature and may be important as baseline data against which to compare similar investigations. In
summary, the Buffalo River studies provide little additional support for a contaminant etiology
for Brown Bullhead neoplasia.

Conclusions
The work conducted on the Black and Buffalo River systems subsequent to the Mix
(1986) has not strengthened the case that environmental contaminants are responsible for
neoplasia in Brown Bullhead. Issues related to study design and data quality continue to plague
published research on the Buffalo and, in particular, Black Rivers. The interesting, if
inadequately designed and executed, experimental skin-painting investigations by John Black
were never replicated. Given the limitations discussed by Mix (1986) and the confounding role
that mechanical abrasion plays in neoplasm genesis, the results of this study cannot be accepted
as evidence of an environmental etiology. Replication (with improved experimental design) and
better characterization of the entire range of hexane/acetone extractable chemicals in the Buffalo
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River sediment will be necessary to understand the relationship between the river sediment and
orocutaneous neoplasm in Brown Bullhead. The quality of the Black River research has further
diminished since the original study reviewed by Mix. Baumann and his colleagues appear to
have fixated on the causal role of PAHs to the exclusion of any other possible etiologies. The
reference site study design originally employed was abandoned in favor of a longitudinal case
study of the river. The central premise of this flawed yet influential research is that neoplasm
rates in the population of Brown Bullhead respond to changes in sediment PAH concentrations
resulting from various inputs and disturbances. No effort to statistically correlate these variables
was ever conducted by the authors. Instead it appears that published data from surveys conducted
proximal to the authors’ own Brown Bullhead neoplasm surveys were obtained and interpreted in
a manner that best accommodates the PAH hypothesis. This approach is not appropriate for a
longitudinal study and fatally confounds data comparability. This notwithstanding, the data
points provided show little if any dose-response relationship between liver neoplasms and
sediment PAH levels. Moreover, serious errors and dubious results further undermine confidence
in this research.
.
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Appendix B
Fish Health Data Sheet

VITA
James L. Grazio
Pennsylvania Dept. of Environmental Protection
301 Peninsula Drive, Suite 4
Erie, PA 16505
jagrazio@pa.gov
814-217-9636
EDUCATION
Ph.D. 2015i Wildlife and Fisheries Science, Penn State University (4.0 GPA)
Dissertation: An Investigation into Neoplasia in the Brown Bullhead Catfish
Ameiurus nebulosus
M.S. 2010 Biology, Edinboro University of Pennsylvania (4.0 GPA)
Thesis: Evaluation of Winter Lake Drawdown as a Strategy to Control Zebra
Mussels (Dreissena polymorhpha)
M.A. 2003 Clinical Psychology, Edinboro University of Pennsylvania (4.0 GA)
B.S.
1991 Biology (Ecology Emphasis), Penn State University
Minor: Psychology

EXPERIENCE
2004-present
2012-present
1998-2004

Chief Great Lakes Biologist, PA Department of Environmental Protection,
Office of Great Lakes
Adjunct Lecturer, Gannon University, Biology Department
Water Pollution Biologist 2, PA Department of Environmental Protection

MEMBERSHIPS and AFFILIATIONS











i

International Association of Great Lakes Researchers
Lake Erie Millennium Network
Great Lakes Panel on Aquatic Nuisance Species. 2002-present. Past Chair.
Great Lakes Dredging Team
Great Lakes Invasive Mussel Collaborative
Lake Erie Lakewide Management Plan Working Group. 2002-present
Mid-Atlantic Panel on Aquatic Invasive Species. 2004-present
Pennsylvania Aquatic Invasive Species Council. 2005-present. Chair, Research and
Prioritization Subcommittee
Board of Directors, Regional Science Consortium, Erie, PA

Expected conferral December 2015

