ZUSGS

science for a changing world

Assessment of Skin and Liver Neoplasms in Brown Bullhead
(Ameiurus nebulosus) Collected at the Ashtabula River Area
of Concern and Associated Reference Site, Ohio, in 2016

Open-File Report 2018—1072

U.S. Department of the Interior
U.S. Geological Survey



Cover. Brown bullhead from the Ashtabula River illustrating the external tumors observed.
Photograph by Vicki S. Blazer, U.S. Geological Survey.



Assessment of Skin and Liver Neoplasms
in Brown Bullhead (Ameiurus nebulosus)
Collected at the Ashtabula River Area of

Concern and Associated Reference Site,
Ohio, in 2016

By Vicki S. Blazer, Heather L. Walsh, and Ryan P. Braham

Open-File Report 2018-1072

U.S. Department of the Interior
U.S. Geological Survey



U.S. Department of the Interior
RYAN K. ZINKE, Secretary

U.S. Geological Survey
James F. Rellly Il, Director

U.S. Geological Survey, Reston, Virginia: 2018

For more information on the USGS—the Federal source for science about the Earth, its natural and living
resources, natural hazards, and the environment—visit https://www.usgs.gov or call 1-888—-ASK-USGS.

For an overview of USGS information products, including maps, imagery, and publications,
visit https://store.usgs.gov.

Any use of trade, firm, or product names is for descriptive purposes only and does not imply endorsement by the
U.S. Government.

Although this information product, for the most part, is in the public domain, it also may contain copyrighted materials
as noted in the text. Permission to reproduce copyrighted items must be secured from the copyright owner.

Suggested citation:

Blazer, V.S., Walsh, H.L., and Braham, R.P,, 2018, Assessment of skin and liver neoplasms in brown bullhead (Amei-
urus nebulosus) collected at the Ashtabula River Area of Concern and associated reference site, Ohio, in 2016: U.S.
Geological Survey Open-File Report 2018—1072, 18 p., https://doi.org/10.3133/0fr20181072.

ISSN 2331-1258 (online)


http://www.usgs.gov
http://store.usgs.gov
https://doi.org/10.3133/ofr20181072

Acknowledgments

This study was funded by the U.S. Environmental Protection Agency through the Great Lakes
Restoration Initiative and the U.S. Geological Survey (USGS) Environmental Health Program. Per-
sonnel from the U.S. Fish and Wildlife, U.S. Environmental Protection Agency and Ohio Environ-
mental Protection Agency collected the fish and assisted with fish necropsies. The authors thank
USGS Pathways students Cynthia Adams and Cassidy Shaw for assistance with fish necropsies,
and USGS technicians Kathy Spring, Adam Sperry, Darlene Bowling and Pam Whittington for
histological preparations.



Contents
ACKNOWIBAGMENTS ..ottt ettt st iii
AADSTTACT ...ttt Rt 1
INETOAUCTION. ettt st 1
IMIBENOMS ...ttt a bbb bbbt n b aes 1
FIEIA IMIBTNOMS ..ottt 1
Laboratory MEthOdS ...t 2
Assessment of Skin and Liver NEOPIASIMS ..ot ssessns 2
External Lesions Observed....................
External Lesion Prevalence
SKin TUMOT PrEVAIBNCE ...ttt sttt a st sees 4
LIVET TUMOT PrEVAIENCE ...o.cececeecectet ettt sttt sttt sttt 4
SUMMMATY ..ottt b bbb bbb bbb b bbb bbbt s bbbt b n et annas 5
RETEIENCES CItBU.......ceeeecectee ettt ettt et sttt b s 18
Figures
1. Graph showing number of brown bullhead collected in each age class, May 2016 ........ 2
2. Images showing visible abnormalities observed on brown bullhead collected at the
Ashtabula River and Conneaut Creek sites, Ohio, May 2016...........cccocoeververrrrercerersrneennenne 3
Tables
1. Visible abnormalities on brown bullhead collected from the Ashtabula River and
Conneaut Creek, Ohio, May 2016, in PEICENT......c.ccuvcvvieeeceeersceece et nseas 4
2. Age distribution of brown bullhead with skin neoplasms collected from the
Ashtabula River and Conneaut Creek, Ohio, May 2016............ccceeeuvereeeeecererreeeccreeieeeeevenae 4
3. Age distribution of brown bullhead with liver neoplasms collected from the
Ashtabula River and Conneaut Creek, Ohio, May 2016..........ccocereerereererrerserenesersesseneseeneens 4
4. Morphometric data, visible and microscopic abnormalities: Ashtabula River, Ohio,
IVTY 20716 ..ottt 6

5. Morphometric data, visible and microscopic abnormalities: Conneaut Creek, Ohio,
IVIAY 2016 ...ttt bbb bbbttt b st st 12



Conversion Factors

International System of Units to U.S. customary units

Multiply By To obtain

Length

centimeter (cm) 0.3937 inch (in.)

millimeter (mm) 0.03937 inch (in.)

meter (m) 3.281 foot (ft)

kilometer (km) 0.6214 mile (mi)
Volume

liter (L) 0.2642 gallon (gal)







Assessment of Skin and Liver Neoplasms in Brown
Bullhead (Ameiurus nebulosus) Collected at the Ashtabula
River Area of Concern and Associated Reference Site,

Ohio, in 2016

By Vicki S. Blazer, Heather L. Walsh, and Ryan P. Braham

Abstract

Brown bullhead (4dmeiurus nebulosus) is a commonly
used indicator species for tumor surveys at Great Lakes Areas
of Concern. The “fish tumors or other deformities” is one of
the beneficial use impairments at the Ashtabula River Area of
Concern. In May 2016, 150 brown bullhead were collected
in the lower Ashtabula River and 150 were collected in the
nearby Conneaut Creek as a reference. Length, weight and
external visible abnormalities were documented. Fish were
euthanized, and skin lesions and liver tissue preserved for
histopathological analyses. Otoliths were collected for age
analyses. The percentage of bullhead with raised external
lesions on lips, barbels and body surface was 34.7 percent
at the Ashtabula River and 23.3 percent at Conneaut Creek.
At the Ashtabula River, 26.7 percent of the bullhead col-
lected had skin neoplasms, including papillomas, melanomas
and squamous cell carcinomas, whereas at Conneaut Creek
18.6 percent had only papillomas, benign skin tumors. Liver
neoplasms were observed in 7.3 percent of the bullhead from
the Ashtabula River and 4.7 percent of those from Conneaut
Creek. These neoplasms were observed in fish 6 years of age
or older at both sites.

Introduction

The Ashtabula River, located in northeastern Ohio, was
contaminated with many industrial chemicals, primarily as a
result of decades of metals fabrication, chemical production
and waste disposal along Fields Brook, a U.S. Environmen-
tal Protection Agency (EPA) Superfund site. The lowermost
2 miles (3.2 kilometers) of river was listed as a Great Lakes
Area of Concern (AOC) by the International Joint Commis-
sion under the 1987 Great Lakes Water Quality Agreement on
the basis of six Beneficial Use Impairments (BUIs) including
fish tumors or other deformities. In this agreement, the fish
tumor BUI was defined as occurring “when the incidence rates

of fish tumors or other deformities exceed rates at unimpacted
control sites or survey data confirm the presence of neoplastic
or preneoplastic liver tumors in bullhead or suckers.” Reme-
diation projects were initiated and cleanup was completed in
2014, with the last dredging occurring in 2013. One of the
remaining BUIs is fish tumors or other deformities. According
to the 2014 Delisting Guidance and Restoration Targets for
Ohio Areas of Concern (http://epa.ohio.gov/portals/35/lakee-
rie/Ohio_ AOC_Delisting_Guidance.pdf, accessed December
14, 2017), the State of Ohio’s guideline states this beneficial
use is impaired if “DELTs (deformities, eroded fins, lesions
and tumors) or bullhead liver tumor incidence levels exceed
regional target values or values found in other fish populations
and are due to contaminant sources from within the boundar-
ies of the AOC.” The AOC restoration target states the average
DELT values within the assessment unit should not exceed

3 percent for lacustuary and boat sites and the prevalence rate
of brown bullhead liver tumors (in other words, neoplastic
and preneoplastic liver lesions ) should not exceed 5 percent.
In 2016 an additional revision for this BUI states the mini-
mum age for brown bullhead used in tumor assessments is 3
years (http://epa.ohio.gov/Portals/35/lakeerie/FINAL-%20
Delist%20Guid%20%20Rest%20Targets%20for%20
Ohi0s%20A0Cs_January2016.pdf, accessed December 14,
2017).

Methods

Field Methods

During Spring 2016 (May 17-18) adult brown bullhead
(150 at each site) were collected by Ohio Environmental
Protection Agency, EPA and U.S. Fish and Wildlife Service
personnel from the lower Ashtabula River and the nearby
reference site on Conneaut Creek. Fish with a total length of
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250 millimeters and greater were targeted in order to meet the
minimum age criterion of 3 years.

Fish were euthanized with a lethal aqueous dose of
MS-222 (500 milligrams per liter) immediately prior to
necropsy. Necropsies were performed by personnel from the
USGS, Leetown Science Center (LSC), with assistance from
the other agencies, in accordance with the LSC laboratory
animal care and use policy as well as the associated Institu-
tional Animal Care and Use Committee (IACUC)-approved
protocol. Bullhead were weighed, measured, and examined for
any grossly visible abnormalities. Pieces of liver (57 discrete
areas) as well as any skin lesions were placed into Z-fix®
(Anatech Ltd., Battle Creek, Michigan) for preservation.
External abnormalities including red and eroded lesions; mela-
nistic spots on body surfaces; raised, pale to reddened lesions
in the oral cavity and body surfaces; and missing, shortened,
deformed, or knobbed (having raised areas) nasal, maxillary,
and chin barbels were recorded. Prevalence was calculated by
number of fish with each abnormality divided by total num-
ber of fish multiplied by 100 percent. Otoliths were removed
for aging.

Laboratory Methods

Tissues for microscopic examination were processed
in the Histology Laboratory, USGS LSC. Processing and
evaluation of otoliths was also performed at LSC as previ-
ously described (Blazer and others, 2014). During the delisting
process for the Presque Isle Bay (Pennsylvania) AOC, work-
shops were convened to address inconsistent methodology
and interpretation of the fish tumor BUI (Rafferty and others,
2009). One outcome of these workshops was a consensus, of
pathologists experienced in fish tumor pathology, on diag-
nostic criteria that should be used for skin and liver tumors
(Blazer and others, 2006, 2007). Prepared slides were evalu-
ated according to these criteria. Neoplastic changes and other
proliferative changes, including bile duct proliferation and foci
of cellular alteration, were documented.

Assessment of Skin and Liver
Neoplasms

At the Ashtabula River site, 64 female, 85 male, and 1
intersex bullhead, ranging in age from 3 to 15 years, were col-
lected and processed. There were four fish for which no use-
able otoliths were collected. The age distribution is presented
in figure 14.

At the Conneaut Creek site, 66 female, 82 male,
and 2 undetermined brown bullhead, ranging in age from
3 to 11 years, were collected and processed. There were
five fish from which no useable otoliths were collected.

The age distribution is presented in figure 1B. The collec-
tion from Conneaut Creek included more 4-year-old and
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Figure 1. Number of brown bullhead collected in each age class,
May 2016 at (A) the Ashtabula River site, Ohio, and (B) Conneaut
Creek, Ohio.

fewer 6-year-old brown bullhead than the collection from
the Ashtabula River.

External Lesions Observed

Visible abnormalities observed included large raised pale
to reddish, papillomatous growths on the lips (fig. 24) and
body surface (fig. 2B), raised black lesions on the body surface
(fig. 2C), raised areas on the barbels, non-raised melanistic
(black) lesions (fig. 2D) and reddened or eroded lesions.

External Lesion Prevalence

Fifty-four percent of the brown bullhead collected at
the Ashtabula River appeared normal on external examina-
tion, having no body surface (including fins), barbel, or lip
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Figure 2. Visible abnormalities observed on brown bullhead collected at the Ashtabula River and Conneaut Creek sites, Ohio, May
2016: A. Large pale, reddish lip lesion (arrow). B. Reddish raised body surface lesion (arrow). C. Raised black body surface lesion
(arrow). D. Non-raised melanistic area (arrow 1) and a raised lesion on the fin (arrow 2) with black pigmentation surrounding it. Photos
V. Blazer



4 Assessment of Skin and Liver Neoplasms in Brown Bullhead

abnormalities. A slightly higher percentage (58 percent) of the
brown bullhead collected at Conneaut Creek appeared normal.
A higher percentage of bullhead with either raised lip and
body surface lesions, barbels with raised areas, or melanistic
areas was observed in fish collected from the Ashtabula River
than those collected from Conneaut Creek. In contrast, red or
eroded areas and other barbel abnormalities were more com-
mon in bullhead collected from Conneaut Creek (table 1).

Skin Tumor Prevalence

Not all of the visually observed raised lesions were
neoplasms. Skin neoplasms included papilloma (the only type
observed at Conneaut Creek), and squamous cell carcinoma,
and melanoma, all of which were observed in fish collected
from the Ashtabula River. Skin neoplasia occurred in bullhead
4 or more years of age at both sites (table 2). The prevalence
of skin tumors was 26.7 percent at the Ashtabula River and
18.6 percent at Conneaut Creek. In addition to the skin neo-
plasms, some of the raised lesions, generally smooth and on
the fins, were osteomas. These tumors were observed at both

Table 1. Visible abnormalities on brown bullhead collected
from the Ashtabula River and Conneaut Creek, Ohio, May 2016,
in percent.

Abnormality Ashgahula Conneaut

River Creek
Red or eroded lesions 6.0 9.3
Raised lip and body surface 24.7 18.6
Melanistic areas 18.0 15.3
Barbel! 17.3 20.7
Knobbed or raised barbel 10.0 4.7
Normal individuals (no abnormalities) 54.0 58.0

"Includes missing, shortened and deformed.

sites with a prevalence of 9 percent at the Ashtabula River
and 2 percent at Conneaut Creek. Because osteomas are bone
neoplasms they were not included in the skin neoplasm age
distribution (table 2) or overall prevalence of skin neoplasms.

Liver Tumor Prevalence

A total of 11 (7.3 percent) brown bullhead from the
Ashtabula River and 7 (4.7 percent) from Conneaut Creek had
liver neoplasms, including hepatic cell adenoma and carci-
noma, cholangioma, and cholangiocarcinoma. Liver neo-
plasms were observed in bullhead 6 years of age and older at
both sites (table 3). A variety of types of foci of cellular altera-
tion, including eosinophilic, vacuolated and basophilic, were
observed at both sites. Although investigators have identified
one or more types of these foci to be preneoplastic in some
fish species, there have been no conclusive studies in brown
bullhead to indicate which, if any, will progress to actual
neoplasms. Therefore, it has been suggested that although they

Table 2. Age distribution of brown bullhead with skin neoplasms
collected from the Ashtabula River and Conneaut Creek, Ohio,
May 2016.

Ashtabula River Conneaut Creek

Total Number Total Number
Age number of fish number of fish
of fish with of fish with
collected neoplasms  collected neoplasms

3 1 0 1 0
4 12 1 32 2
5 38 4 38 4
6 55 14 39 7
7 12 5 11 5
8 4 2 9 0
9 11 6 6 4
10 4 1 7 3
11 7 5 2 0
12 1 1 0 0
13 0 0 0 0
14 0 0 0 0
15 1 1 0 0
Unknown 4 0 5 2
Totals 150 40 150 27

Table 3. Age distribution of brown bullhead with liver neoplasms
collected from the Ashtabula River and Conneaut Creek, Ohio,
May 2016.

Ashtabula River Conneaut Creek
Total Number Total Number
Age number of fish number of fish
of fish with of fish with
collected neoplasms collected neoplasms
3 1 0 1 0
4 12 0 32 0
5 38 0 38 0
6 55 2 39 1
7 12 0 11 1
8 4 1 9 0
9 11 3 6 1
10 4 1 7 2
11 7 3 2 2
12 1 0 0 0
13 0 0 0 0
14 0 0 0 0
15 1 1 0 0
Unknown 4 0 5 0
Totals 150 11 150 7




are documented as indicators of exposure to contaminants they
should not be included in the calculation of tumor prevalence
(Blazer and others, 2006, 2007). The prevalence of altered foci
was 21.3 percent at the Ashtabula River and 14.0 percent at
Conneaut Creek.

Summary

This study was conducted to determine the current preva-
lence of skin and liver neoplasms in brown bullhead collected
within the Ashtabula River Area of Concern, Ohio. In May
2016,150 adult bullhead were collected from the Ashtabula
River (table 4) and 150 from a nearby reference site, Conneaut
Creek, Ohio (table 5). Fish were euthanized, weighed, mea-
sured and examined for visible abnormalities. Pieces of skin
abnormalities and liver were preserved, processed for micro-
scopic evaluation and used to diagnoses neoplasms.

Skin neoplasms including papillomas, melanomas, and
squamous cell carcinomas were documented in 26.7 percent of
brown bullhead from the Ashtabula River, whereas only papil-
lomas were documented in 18.6 percent of bullheads from
Conneaut Creek. In liver hepatic cell and bile duct neoplasms
were observed in 7.3 percent of bullheads from the Ashtabula
River and 4.7 percent of those from Conneaut Creek.

Summary
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