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SUMMARY

Winter flounder have been shown to undergo a progressive liver disease whose
extent is closely correlated with levels of exposure to chemical contaminants in the
environment. This species is therefore an important sentinel for the biological effects of
coastal contaminants on bottom-feeding vertebrates. This study was the fifth consecutive
annual survey in which we have examined the pathology of these fish from Deer Island
Flats, Boston Harbor. We have shown a continued prevalence of liver disease in winter
flounder from this site. Questions have arisen as to the effect of time of year on sampling,
of the prevalence of liver disease in winter flounder from the Future Outfall site, and of the
possibility of using molecular methods to assess the biochemical impact of contaminants on
these fish. To address these questions we collected winter flounder from five areas of the
Massachusetts and Cape Cod Bays system. The prevalences of liver neoplasms, hydropic
vacuolation and other liver lesions were determined by examination of multiple sections of
liver tissue from 40 - 160 fish from each station.

- Liver tumors and hydropic vacuolation were found in fish from Deer Island Flats and
Broad Sound.

- Hydropic vacuolation was also present in fish from Nantasket Beach and from the
Future Outfall site.

- In contrast, fish from Eastern Cape Cod Bay showed a very low prevalence of
hydropic vacuolation. ,

- Lesion prevalences were found to increase with age of fish at the contaminated sites.
Moreover, the above interstation differences were also statistically significant within
single age classes.

Eight to ten fish from each station were evaluated immunohistochemically for the
incorporation of bromodeoxyuridine, a nucleotide analog, to assay for replicative DNA
synthesis, a measure of exposure to chemicals that include epigenetic carcinogens (others
have shown the concentrations of such carcinogens to be closely correlated with the
prevalence of hydropic vacuolation).

- DNA synthesis was elevated in fish showing cellular pathology.

The same fish were also examined for expression of cytochrome P4501A, an integrative
- biochemical indicator of exposure to a range of compounds including some chlorinated and
aromatic hydrocarbons. ,

- Cytochrome P450IA expression was significantly elevated in fish from all stations
examined, when compared to winter flounder from Georges Bank.

- We conclude that anthropogenic chemical waste is already having a significant
biological effect on the benthic fauna of Nantasket Beach and the Future Outfall Site in
addition to urban sites.

To enable adequate monitoring of the Future Outfall it is important to establish whether our
observations at the Future QOutfall Site are a result of offshore dumping activity, or of
transport from the existing shore-side outfalls. To allow adequate interpretation of future
monitoring, this question should be answered before the offshore Boston Qutfall is
activated.



CONCLUSIONS

1. Winter flounder can be collected in adequate numbers from all the sites visited in this
survey, including Boston Harbor, the Future Outfall site, and Eastern Cape Cod Bay.

2. Hydropic vacuolation in the liver of winter flounder was detectable at all the stations
sampled. In contrast, liver neoplasia is a rare lesion, absent from all but the most
contaminated sites. We have previously shown a close association between hydropic
vacuolation and liver neoplasms in this species. Others have shown (Table 1) that hydropic
vacuolation is closely correlated with a suite of chemical contaminants. At these latitudes
this bottom-feeding species does not migrate substantially. Therefore, surveys for
hydropic vacuolation prevalence are an appropriate long term monitor for the effects of
benthic chemical contaminants on winter flounder at these latitudes. Hydropic vacuolation
can be regarded as a harbinger of neoplastic risk, given adequate duration and level of
exposure to carcinogens.

3. For a given site, the liklihood of encountering a significant prevalence of neoplasms,
and related more common non-neoplastic contaminant-associated lesions is dependent on
levels of chemical contamination, and age structure of the sample.

4. Comparison of age, length and lesion prevalences for three successive surveys of
winter flounder livers from Deer Island showed a significant difference for fish caught in
May compared to those caught in March or April.

5. Lesion prevalences are more completely investigated if three blocks of liver are
examined per fish, as opposed to just one. However that improvement is in general
statistically insignificant and probably does not warrant the increased effort. Furthermore,
the improvement of information quality seen with two slides per liver block as opposed to
one is not significant.



RECOMMENDATIONS

1. Gross and histological examination of winter flounder for liver disease prevalence
should remain established as an essential tool in monitoring the level of chronic sublethal
biological effect thought to result from exposure to sewage contaminants.

2. In future studies one slide from one liver slice from each of 50 fish per station should be
examined histologically.

3. Future studies should concentrate on at least three stations: Deer Island Flats, the
Future Outfall Site and a reference site in Eastern Cape Cod Bay.

4. Future studies should be tightly integrated with efforts to monitor levels of chemical
contamination in benthic sediments and biota.

5. There is a seasonal trend of flounder size, age and lesion prevalence in the fish caught
from Deer Island Flats. To maximize the sample size of comparable age classes, and avoid
the effect of any seasonal variables, it is important to sample at the same time of year, for
every year. Additionally, data analyses should always include age as a variable.

- 6. It may be advisable to define the peak period of winter flounder abundance at the Future
Outfall Site to maximize survey efficiency. To do this an inshore dragger could be
chartered to do a standard biweekly tow from March to June.

7. On the basis of currently available information, an annual survey cruise in the first week
of April would seem appropriate.



INTRODUCTION

To monitor the biological effect of the chronic disposal of industrial and domestic
wastes, it is important to examine a cumulative response that can potentially mirror the
human health risks that the disposal area might present. For the Boston Harbor sewage
outfall, the pathology of winter flounder liver is an appropriate indicator of such biological
effects.

The literature on the biology of winter flounder is extensive, and has been
reviewed by Klein-MacPhee (1978). A shallow-water coastal flatfish, this teleost feeds on
small invertebrates, and prefers sand and mud substrates. Found from the Straits of Belle
Isle to the Chesapeake Bay, a major factor affecting its movements is water temperature;
159C being the upper optimum limit. South of Cape Cod this results in a summer
migration to cooler deeper water. North of the Cape, with cooler water from the Labrador
Current, the summer offshore migration is limited to 1-2 miles (Howe and Coates 1975).
Winter flounder is thus a better sentinel organism for investigating the effects of
contaminants in a particular habitat at the latitude of Boston Harbor, than it is south of Cape
Cod.

Winter flounder in Boston Harbor grow to a total length of about 100 mm in the
first year, to about 200 mm in the second year, and thereafter grow at variable rates. In the
first two years males grow slower than females (Jay Barnett, unpubl. data). In the spring
of the third year the fish become reproductively mature. Spawning occurs progressively
later with increasing latitude, with the season being February to April in the Mystic River,
CT. (Pearcy 1962), March in Boston Harbor (Adam Smith pers. comm., and pers. obs.)
and April to June in Newfoundland (Kennedy and Steel 1971). Females ripen and spawn
completely, whereas males remain in milt for an extended period through the spring (pers.
obs.). Gravid females lay sticky demersal eggs on sand and mud. The eggs hatch after
about three weeks, and remain as plankto-benthonic larvae until settling out as
metamorphosed flatfish by two months of age (Sullivan 1915, Scott 1929, Williams 1975,
Rogers 1976).

The presence of vacuolation and hepatic neoplasia in winter flounder from Boston
Harbor was first reported by Murchelano and Wolke (1985); that report focused on some
of the salient features of the end stage of the disease syndrome. More recently Gardner and
Pruell (1989) presented findings suggestive of an association between neoplasm prevalence
and contamination by polynuclear aromatic hydrocarbons. Additionally, Moore et al.
(1989) described the earliest stage of vacuolation to be centrotubular, and Bodammer and
Murchelano (1990) described the ultrastructure of vacuolated and aberrant hepatocytes from
Boston Harbor winter flounder. The detailed morphology and postulated morphogenesis
of this lesion in winter flounder has also been recently described (Moore 1991). In
addition, the prevalence of hydropically vacuolated cells in winter flounder liver, and the



concentrations of chemical contaminants in bottom sediments, and winter flounder stomach
contents, bile and liver tissue have been recently compared using data from the NOAA
Status and Trends Program (Table 1). Statistically significant associations were found
between the prevalence of hydropically vacuolated cells and the following classes of
contaminants measured in the above compartments: low and high molecular weight
polynuclear aromatic hydrocarbons, chlordanes, dieldrin and total non-DDT pesticides.

The influence of contaminant burdens in the progeny of winter flounder from Deer
Island Flats were recently examined (NOAA 1990). Gravid fish from Deer Island Flats
and a reference site in Long Island Sound were spawned in the laboratory. Resultant
progeny from Deer Island showed reduced egg and larval size, reduced yolk sac volume, a
mild increase in embryo mortality, and an increase in skeletal abnormalities. It was also
shown that the concentrations of lipophilic contaminants, such as polychlorinated
biphenyls, were high in larvae from Deer Island Fish, and presumably passed from adults
to their progeny. In an experimental exposure of winter flounder eggs to DDT and
dieldrin, Smith and Cole (1973) induced a high level of abnormal gastrulation and vertebral
~ deformities. These and other chemical toxicities could have an incremental impact on
growing flounder feeding in contaminated habitats.

This study represents a continuation and expansion of our annual surveys of the
liver pathology of winter flounder from Deer Island Flats, Boston Harbor. In previous
years, as described in our 1990 report to the Massachusetts Water Resources Authority
(Moore and Stegeman 1990) and by Moore (1991), we found a prevalence of liver
neoplasms in winter flounder of 5 to 10%. The prevalence of hydropic vacuolation was 50
to 60%. Hydropically vacuolated cells appeared to be a good indicator of the biological
effect of contaminants that, at greater concentrations, and/or longer exposures, may also
induce neoplasms in a minority of fish. Data analysis suggested two potentially important
variables affecting the prevalence of liver disease, namely the year and the time of year that
the fish were collected. To investigate this further, the 1991 field sampling was designed
to collect a time series of samples from Deer Island Flats, and a single set of samples from
a series of reference sites.

The question of seasonal variation in disease prevalence was examined by sampling
fish from Deer Island Flats on 3 occasions in 1991, one each in March, April and May.
Additional sites were also sampled from Cape Cod Bay and Massachusetts Bay (Table 2
and Figure 1). In addition to routine histopathological analysis, a subset of fish from each
station were processed to allow estimation of the induction in the liver of cytochrome
P4501A protein, and of the rate of cell proliferation. Both of these assays are indices of
exposure to different subsets of a range of chemical contaminants.
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TABLE 1

Sediment, stomach, liver and bile contaminants whose concentrations correlate significantly
(logistic regression, p < 0.05) with the prevalence of hydropic vacuolation in winter
flounder liver. PAH = Polynuclear aromatic hydrocarbons, PCB = Polychlorinated
biphenyls. ND = No data. ns = Not significant.

Percentages shown indicate the proportion of total variance in lesion prevalence accounted
for by each risk factor, as assessed individually. Low and high molecular weight PAHs in
bile are estimated by the levels of fluorescent aromatic compounds detected at the
wavelengths of benzo(a)pyrene (high MW) and napthalene (low MW).

Chemical class Sediment -Stomach Liver Bile
Contents

Low MW PAH 70% 53% ND 24%
High MW PAH 63% 24% ND 25%
PCBs ns ns ns ND
DDTs ns ns 23% ND
Chlordanes 46% 78% 70% ND
Dieldrin 6% no data 33% ND
Total non-DDT 26% 69% 70% ND
Pesticides

Data source: Pers. comm., L.L.Johnson and M.S.Myers, N.O.A.A./N.M.F.S.
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METHODS
Stations and Sampling
Nine stations were sampled;1 - Deer Island Flats, Boston Harbor; 2 - Nantasket
Beach; 3 - Broad Sound; 4 - Future QOutfall site; and 5, 6, 7, 8 and 9 - Eastern Cape Cod
Bay (see Figure 1). In this report data from stations 5 to 9 were pooled to achieve
comparable sample sizes. Heretofore, fish from those stations are referred to collectively
as from station 5.

Bottom Trawling

All fish, except for those at the May 22 Station 1 sample were collected by
commercial otter trawl: stations 1 to 4 were sampled using a commercial dragger, the F/V
Odessa, from Gloucester, skipper William B. Crossen. The fishing gear comprised a
western Atlantic trawl, with a 4 seam chain sweep, 53 foot head rope, 83 foot footrope, 10
fathom legs, 10 fathom ground cables, 400 pound bison steel doors, and 25 fathom of
main wire for shallow stations with more for the deep stations. Trawling speed was
approximately 2 knots. Stations 5 to 9 were sampled as part of the Massachusetts Division
of Marine Fisheries Spring Bottom Fish Survey, using the R/V Gloria Michelle
(NMFS/NOAA, Sandy Hook N.J.). Details of gear used are available elsewhere (Howe et
al., in prep). The May 22nd sampling of station 1 was conducted aboard the R/V Neritic,
UMass-Boston, using a skiff trawl with a 16 foot mouth. Trawl location and duration are
given in Table 1. Fish were placed in through-flow sea water tanks prior to dissection.

Sample Numbers

Each fish was assigned a sample identification number, that was unique within
our multi-year winter flounder archive and database. Datasheets and histological casettes
bearing this number were prepared in advance to ensure complete collection of both
numerical information and samples.

Labelling of a Subset of Fish with Bromodeoxyuridine

To allow estimation of proliferation indices, 8 to 10 fish from each station were
injected with a mixture of two thymidine analogues: 30 mg bromodeoxyuridine (BrdU)
and 3 mg flourodeoxyuridine (FdU) per kg body weight. The fish were maintained alive in
flowing ambient sea water aboard the collecting vessel for 3-5 hours, and then killed and
processed as described below.



Dissection of Fish

Fish were killed by cervical section. Fish were placed blind side up and
measured for total and standard length. Their external condition was noted, and the
condition of their fins with respect to erosion was scored on a scale of 0 - 4. An oval
incision was made in the ventral body wall overlying the liver and anterior ventral gonad.
Gonads were either white and triangular in males, pink and elongated caudally in females,
or small and blue-gray in immature fish. Livers were removed by severance of the
peritoneal attachments, and then cut into 4 mm thick slices, in a series of transverse cuts.
Each slice was examined for grossly visible abnormalities and graded for gross abnormality
0 - 2. Routine samples were taken from three equidistant sections through the liver. Liver
sections were immediately placed into pre-labelled histological casettes. Other area(s) of
visibly abnormal liver were also sampled. Tissue samples were fixed in 10% neutral
buffered formalin. Other viscera, gonads, heart and gills were inspected for gross lesions.
This resulted in three blocks of liver tissue from each animal. An exception to this was the
fish from Station 3, where only one block per animal was routinely examined.

Age Determination

A sample of scales was removed from the dorsum of the caudal peduncle of each
animal. Scales were placed in scale envelopes, labelled, and subsequently submitted to Jay
Burnett, NMFS, Woods Hole, MA for age estimation by counting growth rings.

Histological Processing

Fixed specimens were returned to the laboratory and embedded in paraffin,
sectioned at 5 um and stained with hematoxylin and eosin: these standard methods are
described by Luna (1968). Each embedded block of liver tissue was sectioned at two
levels, with skip sections between. Liver samples destined for immunohistochemical study
were embedded in paraffin within 24 hours of dissection.

Histological Analysis
For each fish there were, with the exception of Station 3 fish, 3 tissue blocks,
each with 2 slides, i.e. 6 slides in all. After an initial survey of the material, the intensity of
the following lesions, which have been described in detail elsewhere (Moore 1991) were
recorded:
1) Hydropic Vacuolation, seen in three forms:
a) Centrotubular vacuolation - isolated groups of 1-2 vacuolated cells in the center
of the hepatic tubule.

12



13

b) Tubular vacuolation - linear arrays of vacuolated cells, filling the hepatic

tubule, often extending into biliary duct structures.

c) Focal vacuolation - foci of thirty to several hundred contiguous vacuolated

cells.

2) Macrophage aggregation - circular golden brown cellular masses, often associated
with fibrotic tracts, bile ducts and blood vessels..
3) Biliary duct proliferation - branching ducts, often ensheathed by fibrosis.
4) Neoplasms- focal, often grossly visible areas of cells fulfilling established criteria for
neoplasia in this species (Moore 1991).

Data were recorded in Excel (Microsoft Corp., Redmond WA).

Severity of each lesion was scored as follows: Histological slides were examined
under bright field illumination, at 25 x, 100 x, and 200 x. using a Zeiss Axioskop. For
each slide, each lesion was scored by examining the whole selection at 25 x, and at least 5
views at 100 x and 200 x. Each lesion was scored at 0 - 4, 0 = absent, 1 = minor, 2 =
moderate, 3 = severe and 4 = extreme. For each fish, and each lesion type, a
histopathological index was then calculated as a mean of scores from six slides.

To allow comparison of 1991 data with previous data, lesion prevalence was also
calculated for each lesion from each site. These data were derived from the
histopathological indices by taking each fish with a mean lesion score of 1 or more to be
scored as having the lesion present. This was a valid approach, given the fact that the
criteria used to define "minor" were the same as those used to define the low point of
"present” in previous years. In making between-year and interstation comparisons only
data from the first block examined from each fish were considered. This was due to the
fact that in previous years, and in the 1991 Broad Sound station, only one block per fish
was examined (the Broad Sound material was sampled and processed before the current
contract appeared secure). In this way comparisons were not biased by the increased

‘sampling effort present in the majority of the 1991 study. Lesion data were generated
using data from both one and three blocks per fish to allow an assessment of the cost-
effectiveness of examining multiple blocks as compared to single blocks per fish, and to
allow a comparison of the usefulness of scoring lesion severity as opposed to simply
scoring presence or absence.

Immunohistochemical processing

Unstained slides were stained to highlight nuclei that were undergoing active
replicative DNA synthesis, using an anti-bromodeoxyuridine monoclonal antibody (RPN
20), followed by routine chromogenesis, and counterstained as described previously
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(Moore 1991). Adjacent sections were also stained with a monoclonal antibody reactive
only with the cytochrome P450IA isozyme that is induced by exposure to foreign
compounds such as polynuclear aromatic hydrocarbons, and some chlorinated
hydrocarbons. These slides were stained with the monoclonal antibody (1-12-3) followed
by routine chromogenesis and counterstaining, as described previously (Stegeman et al.
1991). Additional fish collected from Georges Bank in 1990 were also stained with the 1-
12-3 monoclonal antibody.

Analysis of immunohistochemical slides

Anti-BrdU stained slides were evaluated for the number of hepatocytes and
vacuolated cells per unit area, and the number of hepatocyte, vacuolated cell, and non-
hepatocyte (endothelial and biliary preductular) nuclei that stained per unit area. Hepatocyte
and non-hepatocyte labelling indices were expressed as a fraction of positive nuclei per
1000 hepatocytes, and vacuolated cell labelling indices were expressed as number of
positive vacuolated cell nuclei per 1000 vacuolated cells.

Anti-P450IA stained slides were evaluated for the stain density of epithelia in
liver, intestine and kidney on a range of 0 - 4.

Analysis of data

The histopathological indices and prevalences of lesions were compared between
classes of fish defined by differences in station, age, sex, and length. Many lesions were
found together: thus were they not statistically independent. Centrotubular vacuolation
was regarded as the most sensitive histological indicator of exposure to chemical
contaminants, and was thus tested for significant differences between groups of fish by
analysis of variance using Statview (Abacus Concepts, Berkeley CA).

Quality assurance and control

At each stage of the project, protocols were defined prior to the start of work. Data
sheets, tissue casettes, scale envelopes, databases, and other processing systems, were all
prepared in advance to receive each sample or data unit. Omissions were obvious, in
routine cross- and back-checking, and rectified. At each stage data quality was assured by
back-checking with the source material or data file at the completion of the task. Sample
numbers were not station specific. Thus data were generated from the entire study set
before specific stations were associated with specific groups of fish, avoiding bias of
interpretation on the basis of expected outcome.
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RESULTS AND DISCUSSION

Fish collected

Stations sampled are listed in Table 2 and their positions illustrated in Figure 1.
Surface temperature and bottom depth are also listed in Table 2. The first attempt to collect
fish at Deer Island Flats on February 5th was unsuccessful, as the flounder were seemingly
absent. However, a sample was obtained from Broad Sound, at the mouth of Lynn Harbor
(Station 3).

On the 12th of March, 40 winter flounder were obtained from Deer Island Flats.
This sample consisted of 4 tows, with a total bottom time of 234 minutes (Table 3). This is
an extremely poor catch rate for this station at that time of March on the basis of previous
years samples, and suggests the 1991 abundance of winter flounder on Deer Island Flats
was low.

Between April 9th and 13th, winter flounder were collected from Deer Island Flats,
Nantasket Beach, and the Future Outfall site, 9.5 miles east of Boston Harbor. This latter
site proved hard to trawl, and lacking in winter flounder. However, a series of extended
tows provided the necessary sample of adult fish. The area of bottom adjacent to the
Future Outfall site that is suitable for bottom trawling is very confined and not without
obstructions. The extent of this area was defined in discussion with local draggermen, and
in consultation with M. Bothner, USGS, using sidescan sonar data. The two sources
essentially recommended identical sampling areas. This area is known to inshore
draggermen as "Rosie's Hole", and is bounded by a quadrilateral area defined
approximately by the following 4 loran lines: 44287, 13960, 44282, and 13955. This area
has patches of hard bottom, boulders of all sizes, and at least 5 significant "hang-ups"”.

During the April sampling period, winter flounder in cleaner sites to the east of
"Rosie's Hole" were apparently not available. For this reason, an appropriate reference
collection was made on May 12th in Eastern Cape Cod Bay by pooling 5 tows made in the
Massachusetts Division of Marine Fisheries Spring Bottom Survey (Stations 5 to 9),
referred to in this report collectively as Station 5

The data in Table 2 were analyzed for the catch per unit effort, for stations sampled
by the Odessa, using the same trawl technique. The catch rate of flounder per minute of
bottom time is given in Table 4.

The poor rate of catch for the Outfall Site suggests that it may be necessary in future
years to establish the optimum time of year to maximize sampling efficiency. Other fish

- species that were available included windowpane flounder, little skate, and sand dab, but
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TABLE 4

CATCH PER UNIT EFFORT FOR WINTER FLOUNDER CAUGHT BY F/V
ODESSA USING A STANDARD TRAWL METHOD.

19

Station Flounder per minute
of bottom time
Broad Sound 1.26
Deer Island 0.24, 0.37
Nantasket 0.47
Future Outfall 0.10
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none were represented in all stations, and none have a comparable legacy of data of
information for studies such as this to compare with the winter flounder.

Agel length parameters

Mean age and length of fish from each station are listed in Table 5. Of particular
note is the Broad Sound station, where the fish were, on average, significantly older and
longer than from any of the other sites. These relationships are further examined in Figures
2 and 3. The mean lengths- at -age for fish captured at each station are shown in Table 6. -
These numbers show the similarity of mean length for a given age in the samples from all
stations, suggesting that the fish come from a genetic stock that has a unified growth
pattern. This is in distinct contrast to the winter flounder from Georges Bank, which grow
at a significantly higher rate, especially as juveniles (Jay Burnett, pers. comm.). For a
given age, adult males are on average shorter than females. The small differences present
in Table 6 would be even less obvious if the data were segregated for males and females, as
the sex ratio did vary between stations (Table 9).

In contrast to the similarity of mean length for a given age at all the sites, the
number of fish in each length or age class compared between stations was markedly
different for the Broad Sound fish compared to all the other sites(Figures 2 and 3). This is
not a sex ratio effect. Data presented in Table 9 shows that there was not a preponderance
of females in the Broad Sound sample. Rather, the preponderance of old, large fish from
Broad Sound presumably reflects a lower mortality rate compared to the other stations.
This lowered rate probably results from reduced exploitation. Recreational and commercial
fishing pressure is low compared to the Boston Harbor area.

It is important to note that a preponderance of large, old fish has never been seen in
any of our Boston Harbor collections, nor has it been seen in any inshore samples
examined by Jay Burnett, at Woods Hole NMFS. It is thus reasonable to assume that the
- amount of mixing between Broad Sound fish and those in Boston Harbor is limited. This
conclusion, when considered with data from earlier tagging studies (Howe and Coates
1975) that suggested limited migration for winter flounder north of Cape Cod, strongly
supports the study of winter flounder pathology to monitor for the chronic non-lethal
biological effects of coastal contaminants.

Interstation Comparison of lesion prevalence

As described above, lesion prevalences were calculated for each lesion at each given
station. Table 7 lists that data. For all stations except Broad Sound the prevalence is given
both for observations on one tissue block, and three. Statistically significant increases
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in lesion prevalence were only seen at one of five stations for each of macrophage
aggregation and biliary proliferation. Thus the increased prevalence of critical lesions, i.e.
hydropic vacuolation and neoplasms were statistically insignificant at all stations.
Likewise, examination of the raw data in Table 20 shows a very strong similarity for data
generated from different sections from the same block. Therefore, neither repeat sections
from blocks, nor repeat blocks seem justified. The salient important trends in Table 7 are
illustrated in Figure 4. The data are all for observations from one block per animal, to
allow inclusion of the Broad Sound site. Both vacuolation and neoplasms were prevalent
in winter flounder livers from Broad Sound and Deer Island Flats. However, the
prevalence of vacuolation was also significantly elevated at the Nantasket Beach and Future
Outfall sites. In contrast, the prevalence of vacuolation in Eastern Cape Cod Bay flounder
livers was very low, although not zero. In contrast, flounder from Georges Bank have
been shown to have a zero prevalence (0/36) of vacuolation (Moore 1991). The statistical
significance of the differences in lesion prevalence between each site and the reference site
are compared in Table 8. Centrotubular and tubular vacuolation are thus shown as
powerful discriminators between all of the sites and the reference site.
The observation of a marked difference in vacuolated cell prevalence among

Eastern Cape Cod Bay, the Future Outfall site, and Boston Harbor, coupled with the close
association of vacuolated cell prevalence with the concentrations of specific groups of
chemical contaminants (Table 1), strongly supports the assessment of hydropic vacuolation
in winter flounder liver as a reliable biomarker of the effects of these chemicals. In
contrast, the prevalence of hepatic neoplasms was too low, even from highly contaminated
sites, to make it a particularly useful parameter for comparing between less contaminated
sites.

The relative prevalence of lesions in males vs. females has been an issue in the past,
however this study reiterated our previous finding (Moore 1991) of no significant
difference in hydropic vacuolation prevalence between genders at any station (Table 9).

Interstation Comparison of histopathological indices.

Table 10 lists histopathological indices for each lesion type at each station. These
data show that the severity, as well as the prevalence of liver disease, increases in urban
and nearshore coastal stations. Furthermore, those differences are statistically significant.
Lesion prevalence was only examined statistically for centrotubular vacuolation, as the
different lesion types co-vary, and are thus statistically dependent. Centrotubular



o2
FIGURE 4 - Prevalence of liver neoplasms and centrotubular hydropic vacuolation in
winter flounder from 5 areas of Massachusetts and Cape Cod Bays in 1991

B Neoplasia
Hydropic Vacuolation

60
42°20'

42° 00

prsmmm—
L~
Nantasket Beach
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Percentages of fish affected with neoplasia and hydropic vacuolation of the liver of adult
winter flounder, sampled in the Spring of 1991, from 5 areas of Massachusetts and Cape
Cod Bays. Sample sizes were as follows: station 1: 167, station 2: 57, station 3: 56,

station 4: 66, and stations 5 to 9 (pooled): 59. '

© Michael Moore, Woods Hole Oceanographic Institution, 10/7/91.
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Vacuolation was chosen as this was the lesion showing the most significant intersite
differences, and appears to be the most sensitive biomarker.

Age effects on lesion prevalence.

We have previously shown that lesion prevalence in winter flounder from Deer
Island Flats increases with both length and age (Moore 1991). It was thus important to
establish whether the above trends were genuine station-related effects, or confounded by
differences in the age of fish from different stations. Indices of centrotubular vacuolation
were compared for three age classes for each station; see Table 11. The differences are less
extreme than for the samples taken as a whole, but nonetheless, statistically significant
between-station differences were found for age-normalized prevalences of centrotubular
vacuolation.

Comparison of lesion indices from three successive collections on Deer Island Flats.

Table 12 describes 3 samples of winter flounder from Deer Island Flats. There are
significant differences in the age and length characteristics of the 3 samples. The May 22nd
sample is particularly striking in that both the age and length means are distinctly lower than
the earlier samples.

Table 13 compares the histopathological indices for the three Deer Island samples.
Again, there are significant differences in centrotubular vacuolation prevalence between the
March and April samples and the May sample. However, when these differences were
normalized for age (Table 14), the number of significant differences in the severity index
for centrotubular hydropic vacuolation among the sampling periods was less, showing a
difference only between the April and May sampling periods for four year old fish. This
age class represented the largest overall sample size among the sampling perioods. Part of
this diminution in significant differences among the sampling periods is undoubtedly due to
a reduction in the sample sizes for groups tested, caused by splitting the data into year
classes. Future incorporation of an age-related factor in as multivariate analysis of the
entire data set may yield a more appropriate analysis. Nonetheless, these observations
reinforce the need to normalize histopathological data by age, and to establish a routine
sampling time that is adhered to on an annual basis to maximize the chance of collecting
matched age distributions on an annually repeatable basis.



32

»°C ,v“v ‘y€ ﬁp"N ‘p:] UOTIRIG ISB UMOYS SIJOUIISHTP UOHRISIAIUL (1S9, 90UAISIJL(] JUBOYIUSIS 158 PAON0I]

s JoysL Suisn ‘() > d VAONY) JUedTUSIS “uone)s yoed J0j PASeIdA. 9Iom USL Yord JOJ SAOIPUL UBS\| "POULLUEXD SBAM

ysty 1od 300]q 20 ATUO ‘puUnog Peolg WO YS [EULIOU A[GISIA J0F Jeys 1daX9 ‘PIUTUIBXS 1M YSL 1ad s)j201q ¢ oMy Jo Yoed
wox] suonsas dofs OM[, '9I0A3S = ¢ 01 JUISQE = () 1M ‘AJLIDASS J0] § 01 () JO J[eIS B UO PAIOIS St UONIPUOD [es13o[oIs1y yoeyg

(€) e(01) pqe(ov)
00¥00 86°0 F 81°0 ST0'0 F LEOO'0 Aed poD ade) umiseq S
(€D .
¥6'0 F 8L°0 o(EY) TLO+ SE0 s [epnQ SIMIng v
2 oq(LT)
€60 F 160 v6'0F 0’ punog peorq €
D _ _
80Fszr  owl6D) TY0F 60  o(LT) SLOF €SO yorag 1YSEIUEN z
JWI) SOTF6TT  ogh9) 80'T F €11 o(18) 98°0 ¥ ¥5°0 PUR[S] 123(T I
ST 879 L SIEOX 9 G TOX V%€ SuwEN uonelg Joquuny uonels

1661 A0 DONIIAS FH.L NI ITHDNVO SAVH
do) ddv0 ANV SLLASNHOVSSVIN IWOU HANNOT] YELLNIM NI NOLLVIONOVA IV INGNIOYLNHD JO [(5z1s
ordures) "q'S F wedN] SHOIANI TVIIDOTOHLVAOLSIH 40 ‘SHSSV'IO ADV NHHMLAE NOSTIVANOD - 1T HTdV.L



33

(159, SOUSIAIJI(T JUeoTUSIS 1589 PA192I0X] S 19Yst Suisn ‘600 > d VAONV) 591 ‘q:dl ‘g'8] UOHEIS S UMOYS

soouaIeyyIp ISus] uoneIsIuY JueoyuSig Tewue 13d $Y00[q NSSN ¢ WK SUONBAISGO 10 PAIBINIED saouseaald wsejdoaN

€ T $0FTY quedTF6ee 65 16/C7/S  Puels] 1290 i
€ 6 CIFTS oe9ET6LE 89 1 6/8/y PuelS[ 1 q1
£ 91 CLT TS  o'qly ¥ LSE or 16/21/¢  PUels] 132 el
(%) suoIs9 Cas cas
(%) J[qISTA ¥ ueowr) F ueow) UOTIOR[[02 _qunN
eisejdoaN Kysso1n oy wSuoreol,  azis oidwes Joaeq oSweN uonelg uonels
1661 NI SLVId

ANVISI Y990 WOUA SAHANNS HAISSAOONS € Y04 VIVA YHANNOTH JHLNIM O NOSIIVINOD - Tl H1dV.L



34

*SJURUTUIEIUOD [BOTUAYD 0] AMsodXa JO JOJEOIPUL SATISUIS ISOUW J) e PopIESal SEA UONB[ONJRA Je[nqmionua) Aresnsnels odfy
UOISa[ U0 Uey} 210w JO Sunsa) papnyoaid 20uapuadap-00 VOIS 591 ‘qiql ‘8] UONEIS :SB UMOYS S9OUAISIJTP YISUI[ uonLISINU]
11591, QOUBISJTI(T JUROYTUSIS 158 PAIOAI0I] SIAYSLY Sutsn ‘60’0 > d VAONV Aq 31§29} UOTIR[ONORA JR[NGNRIONUID J0J SIOUISIIIP
uoneisIou JueoyuSIS ‘('S ¥ UBaW se passaidxa pue uonels yoes Joy PaSRIOAR 2I0M YSTJ OB JOJ SIOIPUT UBSJA[ "PIUIELXD SeM
ysiy 1od Y50[q SUO ATUO ‘PUNOS PEOIF WO YSI [eULIOU ATqISIA JOJ 18 1daoxo ‘paururexa aIam ysy 13d $[20[q ¢ 921} JO YIed

woly suondas dijs OM], "9I0AdS = {7 01 1USSqE = () UNM ‘AILISAIS 10 ¢

0] () JO S[BIS B UO PAIOOS SeM UOHIPUOD [E1F0[0ISTY YOrH

— R 16/TT/S
TTOF LO0 LYOF 'O qell 0+ S0 ¥9°0 ¥ 82°0 YI'0F 200 100F700 PUels[eq o1

_ _ - _ _ _ 16/8/v
90+ 870 980+ 611 2860 +91°1 16'0 + 89°0 WOoF 600 810+€00 PUeS[IRA q1

_ _ . _ _ _ 16/71/€
yL' 0+ TV 0 ¢8'0 + 98°0 5I1TT +860 €T1¥9L0 CO'0F ZI'0 SO0 F 100 PUBS[ IR 31

uone[onoeA

uonerajroxd uonegadde ordorpAy uone[ondeA uone[onoBA I_quInN
Aremig a8eydoroeN remqmonua) odorpAy rengny,  drdoIpAy e swisepdoaN oweN uomel  uonels
1661 NI SAHAANS € 4O SLVTH

ANVISI Y990 INO¥A YHANNOTI ¥FINIM YO SHOIANI TVOIDOTOHLYJOLSIH 40 NOSTIVANOD - el HTdV.L



35

‘VAONYV £q Pa1s9} S90URI0JJIP UONEISIANUT WBOYIUSIS U0

11591, 9oUAIRII(] JurOLTUSIS 158 PAI0AN0I] S IUsLy Suisn ‘600 > d

RIS [oBd I0§ POSRIOAE QIOM USLJ YOBD JOF SIOIPUT UBJJA] "PIUTIELXI SeAM

ys1y 1od 50[q SUO ATUO ‘puUNOS PeoIq WOIJ YSLj [eULIou A[qISIA IO ey 1de0xd ‘PIUTUIEXS 1oM USY 12d sy00[q € 2omy JO yoes

woly suonoas doys OM], "9I9A3S = { 01 JUISqER = () YIIM

— _ o 16/22/S

(€) S'0F 6£0 (DOTF990  ql6E) LOFIE0 pues] Joo(
— _ 16/8/%

O TIFIET (1D 015T1 o(LT) 80 ¥ 980 pue[s] J03(1
©)61F¢€6T (T 80+ 980 (£1) TI F 6S°0__ T6/CT/E PURIST I3
SIeok 9 SIBOX G SIBOX ¢ sureN uonels

*AILIDAQS 1O } O1 () JO S[EJS B UO PAIOIS SeA UOHIPUOD [EOIS0[0ISIY YorH

o

q1

el

IaquInN uonel§

1661 NI SATAYNS NHIMIAE ‘SASSVTO OV NIHLIM SLVTd ANVISI 44

INO¥I NOLLVTONDVA 4V INGNIOULNAD H0 [(3z1s aydures) ‘@'s F vedN] SHOIANI 40 NOSTIVANOD - v1 H1dV.L



36

Annual lesion prevalence trends: 1984 to 1991

Table 15 lists data compiled from 3 sources: Murchelano and Wolke (1985), Moore
(1991), and this study. Data are not normalized for age. There is an apparent trend for
both neoplasms and centrotubular vacuolation prevalence to decrease in recent years
(Figures 5 and 6). Age data are only available for collections made in or after 1989. Age-
specific analysis of data for these years (Table 16) fails to support the existence of a
temporal trend showing a reduction in prevalence of centrotubular hydropic vacuolation.
However, that does not necessarily mean that the 1989 - 1991 period does not in fact
represent a lower prevalence than earlier years. To explore this possibility, the prevalence
of centrotubular hydropic vacuolation was compared for 3 length classes for each of years
1987 to 1991; see Table 17. A trend is suggested for the two shorter length classes,
especially in the shortest length class since 1988, with decreasing prevalence in recent
years. These trends are shown in Figure 7. The data for the longest length class have been
omitted for this figure. It is not unreasonable to expect the longest, and hence probably
oldest fish to be the last group to demonstrate a reduced prevalence, if, as seems possible,
_they were exposed as juveniles to heavier levels of contamination than were the juveniles of
more recent years. However, because analysis of this apparent temporal trend by the
Spearman rank correlation coefficient failed to detect any significant decreasing trend in the
prevalence of this lesion over the five years represented, the establishment or refutation of
the validity of these suggested trends will require at least three additional years of age
specific data.

Cell Proliferation studies

To further investigate interstation differences in this study, a subset of fish from
each station was processed to allow an estimation of cell proliferation in the liver (Table
18). The most obvious trends in these data is the increasing number of hepatocytes per unit
area in inshore stations, the high labelling index for hydropically vacuolated cells, and the
increasing labelling index for hepatocytes in fish from the cleaner sites. These trends will
have to await larger sample size before meaningful statistical analysis can be conducted.

The increase in hepatocyte number should not be over-interpreted, because paraffin-
embedded material is notoriously poor for the generation of absolute numbers concerning
cell number and volume. Artifactual shrinkage can be extremely variable among
individuals, especially where different quantities of lipid and glycogen are stored, which is
the case in comparing among these stations. To evaluate the possibility of a trend in cell
number per unit area, a new sample of fish from these stations should be collected, the
weight and volume of each liver determined, their livers embedded in epoxy, sectioned at 1
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um, and cellular morphometrics estimated using established stereological methods. Such
an analysis cannot be attempted on the material in hand.

In contrast, the labelling indices are valid in paraffin embedded material as the index
is a ratio, not an absolute number. Elevated indices were recorded for vacuolated cells.
This confirms our earlier observations of vacuolated cells undergoing increased levels of
replicative DNA synthesis (Moore and Stegeman, in press). Experimentally we have
induced a proliferative epithelial lesion in winter flounder liver using technical grade
chlordane (Moore 1991). The same lesion was seen in flounder caught from Deer Island
Flats in this study. Concentrations of the same compounds (in technical grade chlordane)
also correlate with hydropic vacuolation in field-caught winter flounder livers (Table 1).

The trend of increased hepatocyte labelling in the cleaner sites was somewhat of a
surprise, however one could postulate that the fish from the more polluted sites are
undergoing hepatocyte toxicity, with reactive hydropically vacuolated cells filling in the
deficit, whereas in cleaner sites the hepatocytcs can sustain their population internally. We
-are currently investigating chemical and biological parameters that affect labelling indices in
winter flounder, and until further understanding is reached, interpretation of these data will
be incomplete.

Cytochrome P450IA Immunohistochemistry

The same fish that were examined for labelling indices were also stained for the
expression of cytochrome P450IA (Table 19). In addition, a set of fish collected from
Georges Bank in 1990 were also examined. There are no obvious differences among the
coastal and urban stations, but all four of these stations show an obvious difference
compared to Georges Bank, which is considerably lower in stain density for cytochrome
P450IA. This presumably indicates that all the inshore stations have a higher exposure to
compounds that induce the synthesis of this protein than do the fish from Georges Bank.
-~ This observation reinforces a previous study (Monosson and Stegeman 1991), where
P450IA levels in Georges Bank winter flounder were significantly lower than in a coastal
sample.
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TABLE 20 (See following 12 pages)

HISTOLOGICAL DATA RECORDED FOR EACH FISH COLLECTED IN 1991

Column headings are abbreviated as folows:

ID

ST
YR
SEX
TL
FIN

GR
GS

P1

P3

HV
CENTRO

BILIARY PRO.

Individual fish identification number. In the multi-year archive, and
in all sample labels these numbers are all prefaced with 91-

Station number see Table 2 and Figure 1

Age of fish in years

Gender: 1 = female, 0 = male

Total Length (mm)

Fin-rot score 0 - 4: 0 = absent, 1 = minor, 2 = moderate, 3 =

severe and 4 = extreme

Gross lesions: 0 = absent, 1 = present

Gross score: 0 = absent, 1 = mild, 2 = severe

Mean histological index for that lesion type for that fish. Each
lesion was scored at O - 4, 0 = absent, 1 = minor, 2 = moderate, 3 =
severe and 4 = extreme

Prevalence score (from one tissue block); 1 = present, 0 = absent
Prevalence score(from three tissue blocks); 1 = present, 0 = absent
Hydropic vacuolation

Centrotubular hydropic vacuolation

Biliary proliferation
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TABLE 21

IMMUNOHISTOCHEMISTRY DATA - 1991 (see following 2 pages)

I.D.

STN

HN1 to HNS
HN M

BH1 to BHS

MBH
LIHEP

BN1 to BN5
LIN

VC+
VATO
VLI
CYPIA
L

G

K

Individual fish identification number. In the multi-year archive, and
in all sample labels these numbers are all prefaced with 91-

Station number see Table 2 and Figure 1

Number of hepatocytes per 1/5 of unit grid ( 5 replicates)

Mean of HN1 to HN5 multiplied by 5

Number of BrdU positive hepatocyte nuclei per unit grid (5
replicates).

Mean of BH1 to BHS5

Hepatocyte labelling index ( MBH divided by HN M)

Number of BrdU positive non-hepatocyte nuclei per unit grid
Non-hepatocyte labelling index ( Mean of BN1 to 5 divided by HN
M)

Number of BrdU positive vacuolated cells counted

Total number of vacuolated cells counted

Vacuolated cell labelling index (VC+ divided by VA TO)
Cytochrome P450IA labelling indices: O = absent, to 4 = strong.
CYPIA labeling index for hepatocytes

CYPIA labeling index for gut epithelia

CYPIA labeling index for kidney epithelia
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