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SUMMARY AND CONCLUSIONS

1. Winter flounder were collected from the same five stations as sampled in 1991. These
were Deer Island Flats in Boston Harbor, Nantasket Beach, Broad Sound, the Future
Outfall Site, and Eastern Cape Cod Bay; fish were also collected from Dorchester Bay and
Quincy Bay in Boston Harbor.

2. Fin erosion was significantly more prevalent in fish from Deer Island and Broad Sound,
than from Eastern Cape Cod Bay.

3. Chemical contaminant-associated liver disease in winter flounder was significantly more
prevalent at all stations as compared to Eastern Cape Cod Bay. The level of disease at the _
Future Outfall Site was substantially above background, as in 1991.

4. Cohort specific analysis of lesion prevalence revealed a possible trend of more rapid
disease onset in the most recent cohort examined.

5. Opverall disease prevalence at Deer Island Flats, Boston Harbor continues to be
substantially lower than in the late 1980's, although the above cohort specific analysis may
suggest a recent reversal of this trend.
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INTRODUCTION

We have monitored the prevalence of toxic chemical-associated liver lesions in
winter flounder from Deer Island Flats, Boston Harbor since 1987 (Moore 1991, Moore,
Woodin et al. 1992). In addition, samples from four stations in Massachusetts and Cape
Cod Bays were studied in 1991 (Moore et al. 1992). The reason for pursuing these studies
further is to build an internally consistent baseline data set on winter flounder liver
pathology for the Deer Island and Future Outfall sites, in addition to other sites in the
region. This is necessary because of the current biological effects of the existing outfalls at
Deer Island, and the need to understand and document the change in biological impact on
this ecosystem of recent and projected changes in sewage management by the
Massachusetts Water Resources Authority (M.W.R.A.). These changes include cessation
of sludge dumping at the beginning of 1992, planned initiation of primary and potentially
secondary treatment, and the relocation of the outfall to the future site scheduled to occur in
1995.

The rationale and necessary background information on the biology and toxicology
of winter flounder has been reported previously (Moore, Woodin et al. 1992). This 1992
survey was designed to build on the conclusions and data from our previous studies which
showed that hydropic vacuolation in the liver of winter flounder was detectable at all the
stations sampled, but substantially more prevalent at the contaminated near-urban sites. In
contrast, liver neoplasia was a rare lesion and absent from all but the most contaminated
sites. We have previously shown a close association between hydropic vacuolation and
liver neoplasms in this species (Moore 1991). Others have shown that hydropic
vacuolation was closely correlated with a suite of chemical contaminants (Johnson, Stehr et
al. 1992). At these latitudes this bottom-feeding species seemingly does not migrate
substantially (Howe and Coates 1975), although this issue should be revisited. Therefore,
surveys for hydropic vacuolation prevalence, given age-specific analysis, and between-year
consistency in histopathological interpretation 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.

This report describes the 1992 prevalence of hydropic vacuolation, neoplasms and
other liver lesions in winter flounder from the same five stations studied in 1991 and
compares that data with that of previous years. Additional data is presented from two other
stations in Boston Harbor.
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METHODS

Stations and Sampling

Seven stations were sampled; 1 - Deer Island Flats, Boston Harbor; 2 - Nantasket
Beach; 3 - Broad Sound; 4 - Future Outfall site; 5 - Eastern Cape Cod Bay (see Figure 1);
10 - Quincy Bay; and 11 - Dorchester Bay.

Fish collections

All fish, except for those caught on 5/16/92 were collected by commercial otter
trawl 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. On 5/16/92 fish from stations 1, 10
and 11 were collected by hook and line and dissected at the New England Aquarium during
Fish Day 2 (Farrington, M. A., New England Aquarium, unpublished data). 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.

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
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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.

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 J ay
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).

Histological Analysis
After an initial survey of the material, the prevalence and severity of the following
lesions, which have been described and illustrated 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.
b) Tubular vacuolation - linear arrays of vacuolated cells, filling the hepatic
tubule, often extending into biliary duct structures.
¢) 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) using a Macintosh LC1I .
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 O - 4, 0 = absent, 1 = minor, 2 =
moderate, 3 = severe and 4 = extfeme.
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To allow comparison of 1992 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 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 inter-station comparisons only data from one
liver piece examined from each fish were considered. This was due to the fact that in 1987
to 1990, and in the 1991 Broad Sound station, only one liver piece per fish was examined.
In this way comparisons were not biased by the increased sampling effort present in the
majority of the 1991 and the 1992 study. Lesion data were recorded and tabulated for all 3
tissue pieces (Table 9).

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 they were 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

The 1992 sampling intensity was similar to the 1991 study, and all raw data is
reported, but to maintain comparability with earlier years, data analysis was restricted to the
first liver piece examined from each fish.

The methods employed replicated previous studies, both in the field and in the basis
for histopathological interpretation. The between-year consistency of histopathological
interpretation was ensured by reevaluation of a subset of slides first analyzed in 1987.

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

Catches are detailed in Table 1, which were caught at the stations listed in Table 2.
Station positions are illustrated in Figure 1. Stations 1 to 5 equate with Stations 1 to 5 in
the 1991 survey (Moore et al. 1992). Surface temperature and bottom depth are also listed
in Table 2. Fish were also collected from three other stations in Boston Harbor during Fish
Day 2. The small sample sizes from Quincy Bay and Dorchester Bay should be noted. The
availability of winter flounder on Deer Island Flats was low at both sampling dates. These
dates both coincided with regular underwater blasting for the Third Harbor Tunnel Project.

Agel length parameters

Mean age and length of fish from each station are listed in Table 3. This data is
compared with the collections made in 1991 in Table 4. It should be noted that at all
stations, except the Future Outfall Site, the age of 1992 fish was less than the 1991 fish,
especially so at Broad Sound and Deer Island. It is also important to notice that the average
age of the Deer Island Fish in the 1992 sample (4 years old) is now one year less than the
youngest age (5 years old) at which liver neoplasms have been recorded in previous studies
of fish from this site (Moore 1991). Furthermore, most tumor bearers in the previous
study were seven or more years old. It is therefore important to disregard recent trends for
this lesion type.

Fin erosion indices

The intensity of fin erosion is shown in Table 5. Fish from Deer Island, Broad
Sound and Nantasket Beach were significantly more affected than fish from the Future
Outfall Site and Eastern Cape Cod Bay. This trend agrees with previous suggestions that
this lesion is a useful indicator of exposure to contaminated habitats (Murchelano 1975).

Interstation comparison of lesion prevalence and severity

As described above, lesion prevalence and severity were calculated for each lesion
at each station (Tables 6 and 7 and Figures 2 and 3). As in 1991 Deer Island and Broad
Sound fish showed higher levels of hydropic vacuolation than did fish from Nantasket
Beach, and the future outfall site. Near-zero prevalences were again observed at the
Eastern Cape Cod Bay station. No neoplasms were observed in any fish. This absence of
tumors should not be taken to indicate any marked improvement in the liver health of the
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Broad Sound and Boston Harbor animals, as the average age of the animals was
significantly lower than that necessary for the development of liver tumors. The relative
prevalence of the three stages of hydropic vacuolation are illustrated in Figure 3, reﬂecting
the progression of the disease process in these fish from centrotubular to tubular to focal
vacuolation (Moore 1991). Had there been older fish in the samples from the urban
stations we would probably have found tumor bearers.

Interpretation of these inter-station differences rests on the certainty with which we
can conclude that winter flounder caught at one station have not spent significant amounts
of time at one or more of the other stations. There is good evidence reviewed by Klein-
MacPhee (Klein-MacPhee 1978) that winter flounder return to feed where they spawned.
Furthermore, tagging studies showed a mean distance travelled offshore, of fish tagged in
Boston Harbor, of 1-2 km (Howe and Coates 1975). However, there may have been a
bias in the rate of tag returns from the inshore and offshore areas of this study. In
particular, the extent to which winter flounder caught at the future outfall site may have
spent part of their life feeding in Boston Harbor or other inshore sites has not been
explicitly described. However, a consensus of the extant literature would suggest that such
a bias is not significant. However, it would be worthwhile to conduct an appropriate
acoustic tag study at Stations 1 and 4 to investigate this issue further.

Gender differences in lesion prevalence.

As in previous years, there was little significant difference in lesion prevalence, and
no obvious trend favoring one gender over the other (Table 8), except at Station 11, where
a small sample included no females.

Age effects on lesion prevalence (1989 to 1992 studies)

To investigate any change in histopathologic interpretation over the period of this
survey, a reevaluation of a subset of the 1989 survey material revealed a 100% agreement
between previous and current interpretation. Therefore, any between-year differences in
lesion prevalence are unlikely to result from between-year differences in the method of
study.

We have previously shown that lesion prevalence in winter flounder from Deer
Island Flats increases with both length and age (Moore 1991). We now have age specific
data on fish collected from 1989 to the present. We conducted a cohort specific analysis of
lesion prevalence (Table 9). We assumed that 4 year old fish caught in 1989 were spawned
in 1985, as were 5 year olds caught in 1990, and 6 year olds in 1991. All of these fish
were regarded as belonging to the 1985 cohort. This cohort is highlighted in Table 9. The
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prevalence of centrotubular vacuolation for each age class in each cohort was then plotted
(Figure 4). It can be seen that the rate of disease increase is comparable for the 1985, 1986
and 1987 cohorts, but it is lower for the 1984 cohort, and higher for the 1988 cohort. If
significant, this suggests that the fish are getting sicker quicker in more recent cohorts.
This may reflect increased exposure to toxic chemicals.

Annual lesion prevalence trends: 1984 to 1992

In the 1991 report we suggested that length specific analysis showed a reduction of
lesion prevalence in recent years, as compared with 1987 to 1989. This suggestion is
supported in Table 10 and Figure 5, where 1992 data has been included. The increase in
the prevalence of vacuolation in the shortest length class in 1992 may reflect the trend
suggested in the cohort analysis described and discussed above.

Overall prevalences are given as follows: all lesions (Table 11 and Figure 6),
neoplasms (Figure 7), and centrotubular vacuolation (Figure 8)
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TABLE 5 - COMPARISON OF FIN EROSION INDICES FOR WINTER FLOUNDER
FROM MASSACHUSETTS AND CAPE COD BAYS CAUGHT IN THE SPRING OF
1992

Station Station Name Sample Size Intensity of Fin Erosion
Number (Mean + SD)
Deer Island 56 0.39 + 0.564°
1
2 Nantasket Beach 49 0.27 + ().453‘
3 Broad Sound 50 0.72 + 0.864,5,10,11
4 Future Outfall Site 50 0.16 + 0.37
5 Eastern Cape Cod 49 0.06 + 0.24
Bay
10 Quincy Bay 10 0.20 + 0.42
11 Dorchester 16 0.13 + 0.50
Bay

Fin erosion scored on a scale of 0 to 4 for intensity, with O = absent to 4 = severe. Indices
for each fish were averaged for each station. Datagiven as mean + S.D. for each station.
Significant (ANOVA p < 0.05,using Fisher's Protected Least Significant Difference Test)
interstation differences shown as superscripts of the relevant station number(s).
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TABLE 8 - PREVALENCE OF CENTROTUBULAR VACUOLATION COMPARED
BETWEEN GENDERS, FOR EACH STATION

Station % of sample female Prevalence of centrotubular
(Sample size ) hydropic vacuolation
Females Males
1 (56) 59 53 . 37
2 (49) 45 32 11
3 (50) 24 67 76
4 (50) 82 29 56
5(49) 59 3 0
11 (11) 72 0 67*
12 (17) 47 38 25

*Significant difference between gender (y2 p<0.05)
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TABLE 11 - SUMMARY OF AVAILABLE DATA ON DEER ISLAND FLATS WINTER

FLOUNDER 1984 TO 1992

Yearsampled 19841 19872 19882 19892 19902 19913 19924

Date sampled 2April & 21April 18 March 13 May 30 Aprii 12 Mar, 8 6 April,
6 June Apr,22 16 May

May

Sample size 200 51 52 29 100 167 56

%Female - 57 92 66 71 73 64

Body length 353 364 378 367 370 358 336

(Mean + S.D) +32 + 38 +31 +31 +35 +40

Age (Mean + 49+ 14 51+12 48+13 40+09

S.D)

Gross lesion 17.7 28 13.3 10 9 2

(%)

Neoplasm (%) |7.5 5.9 11.5 3.3 5 2.7 0

Centrotubular | 68 77 65 40 39 46 48

HV3 (%)

Tubular HV (%) 71 48 30 29 32 25

Focal HV (%) 14 22 10 2 3 4

Macrophage 68 75 63 30 43 54 46

(%)

IMurchelano and Wolke 1985 (Fish from Deer Island and elsewhere in Boston Harbor);

2Moore 1991; 3Moore et al. 1991, 4This study; SHV = Hydropic vacuolation



TABLE 12 - HISTOPATHOLOGICAL DATA RECORDED FOR EACH FISH
COLLECTED IN 1992

Column headings are abbreviated as follows:

ID

ST
YR
SEX
TL
FIN

GR
GS
LC

GD

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 92-
Station number see Table 2 and Figure 1

Age of fish in years

Gender: F = female, M = 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

Y = yellow, YB = yellow brown, B = brown, DB = dark brown,
G = green

Gonad appearance:

Female: 1= prespawning, 2 =ripe, 3 = running eggs, 4 = post
spawning, 5 = regressed, 6 = Immature. _

Male: 1 =running milt, 2 = mature, not running, 3 = undeveloped

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 piece); 1 = present, 0 = absent
Prevalence score(from three tissue pieces); 1 = present, 0 = absent
Hydropic vacuolation

Centrotubular hydropic vacuolation

Biliary proliferation
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FIGURE 2 - PREVALENCE OF HYDROPIC VACUOLATION IN WINTER
FLOUNDER LIVER IN 1991 AND 1992 FROM 5 STATIONS IN
MASSACHUSETTS AND CAPE COD BAYS.
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. Figure 3 - Prevalence of centrotubular, tubular and focal hydropic vacuolation

in winter flounder liver from 7 sites in Mass. and Cape Cod Bays in 1992
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Prevalence (%) of centrotubular hydropic
vacuolation at each age in each cohort

Figure 4 - Comparison of centrotubular vacuolation for cohorts
of Deer Island winter flounder spawned in 1984 through 1988
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Figure 5 - Prevalence of centrotubular hydropic vacuolation for two
length classes of female winter flounder from Deer Island Flats, 1987 to 1992
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Figure 6 - Prevalence of gross and histological pathological
change in the liver of winter flounder from
Deer Island Flats, Boston Harbor, 1987 to 1992
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Figure 7 - Prevalence of liver neoplasia in winter flounder from
Deer Island Flats, Boston Harbor, 1984 to 1992
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Figure 8 - Prevalence of centrotubular hydropic vacuolation in winter
flounder liver from Deer Island Flats, Boston Harbor, 1984 to 1992
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