Figure 1: Fundulus Collection Sites and Sediment PAH (1g/g)
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Figure 2

Discriminant function analysis of sites grouped into 3 levels of contamination
based on analysis of 9 pathological lesion types in Fundulus heteroclitus.
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DF1=Lv2 and GII DF2=Lvl, Lv3, Spl and Gi2 - see Table 7

High = Fori Point Channel and Island End River
Medium = Weymouth, NNeponset, Chelsea, Saugus
Low = Wellfleet, Scorton



Figure 3

Comparison of chemiluminescence and colorimetric P4501A methods
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Figure 5

Simple regression of sediment polynuclear aromatic hydrocarbon content per gram carbon
vs. Cytochrome P4501A content in Fundulus heteroclitus caught from 8 stations in the
Massachusetts Bays in the Fall of 1992
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Discriminant Function 2

Figure 6

Discriminant function analysis of sites grouped into 3 levels of contamination
based on analysis of 14 pathological lesion types in Mya arenaria
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Discriminant Function |

DF1 = Gn2, Kd2, Gnl, Kd1, Gi2, Kd3, Mnl, Dgland GI3
DF2 = Ggl, Kd4, Gnl, Gn2, Dgl, Lk1, GI2, Dg2 and Kdé
For tissue abbreviations see Table 16.

Low = Wellfleet, Scorton
Medium = Weymouth, Neponset, Earhart
High = Saugus, Fort Point Channel, Chelsea



Discriminant Function 2

Figure 7

Discriminant function analysis of 3 sites based on analysis
of 13 pathological lesion types in Mytilus edulis
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DF1 = Gl1, Kd2, Kdl and Kd5
DF2 = Ggl, Kd4, Gnl, Gn2, Dgl, Lki, GI2, Dg2 and Kd6
For tissue abbreviations see Table 16
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Table 2 - Location, Sample Size and Mean (SD) Length of Fundulus heteroclitus Collected
from the Mass Bays 1992-1993.

Station # Station name Date collected WHOI Sample N Mean Total
#'s Length (mm)
I Weymouth Fore 91592 02-1220/1239 20  74.25 1 8.60
River
2 Neponset River, 91592 92-1240/1259 20 74.00 + 17.38
Boston
3 Saugus River 91692 92-1260/1279 20 87.90 + 9.77
4 Fort Point Channel, 91692 92-1280/1304 25 48.04 +4.20
Boston
5 Scorton Creeek, 91792 92-1310/1329 20 88.70 £ 9.94
Sandwich
6 Herring River, 91592 92-1501/1520 19 88.94 + 20.55
Wellfleet
52693 93-305/324 200 76.6%11.09
7 Island End River 91692 92-1660/1684 25 32.28 £4.98
River, Boston
51893 93-234/244 11 51.54 £ 8.62
61693 93-430/594 59  75.56 + 10.96
8 Chelsea River, 91692 03-1685/1704 19 57.21 £7.93
Bosion
51893 93-230-231 2 55-49

9 Earhart Dam 51593 93-210/229 17 54.88 £ 6.68
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Table 4 Frequency of Histopathological Lesions in Fundulus heteroclitus
from 4 sites in the Massachusetts Bays - 1993

Welifleet Island End Chelsea R. Earhart

Hepatic MA 0 20 0 0
N 14 48 2 14
Hepatic coccidia 7 0 0 0
N 14 48 2 14
Hepatic necrosis 0 7 0 0
N 4 48 2 14
Hepatic neoplasm 0 7 0 0
N 14 48 2 14
Altered hepatocyte
foci 0 19 0 0
N 14 48 2 15
Hepatic clear cell
patches 0 5 0 |
N 14 48 2 14
Hepatic Megalocytosis 3 2 0
N 14 48 2 14
Cardiac nematodes i 0 0 1
N i5 27 2 12
Gill Trematodes ] 2 0 2
N 15 28 2 14
Gill hyperplasia 14 20 i 9
N 16 28 2 14
Spleen MA 0 1l 0 0
N 8 20 I 9

The numbers of fish showing each lesion, and the number (N) of fish
examined for each cell type for each station is given. MA = Macrophage aggregations.
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Table 7 - List of Pathological Observations Analysed for Site
Differences in Fundulus heteroclitus

Lesion description Abbreviation
Hepatic MA (Lvl)
Hepatic coccidia (Lv2)
Hepatic necrosis (L.v3)

Liver neoplasm (Lv4)
Altered hepatocyte foci (Lv5)
Hepatic megalocytosis (1.v6)

Gill trematodes (Gl

Gill hyperplasia (GI2)

Spleen MA Sph

MA = macrophage aggregations



Table § - Approximated F-values for the Discriminant Function
Analyses Performed using the Pathological Data Collected at

Various Sites in Boston Harbor and Mass. and Cape Cod Bays.

Genus
Group

# groups

n

# predictors

# sig. discriminant
functions

dfl
df2

approximate
F-value

Fundulus

Chemical load

8.483

Mya
Chemical load
3
178

Myvtilus
Site
3
60
13
2

26
90

9.692

All groupings are significant at p < 0.01.
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Table 11

Results of Significant Simple Regression Analyses of P4501A Expression in Fundulus
heteroclims from 8 Sites in the Massachusetts Bays Compared with X PAH per g. Sediment
and per g. Sediment Carbon

Sediment Statistic All Fall ammals (N=32) All Males (N=15)
¥, PAH pg/g Carbon r2 0.545 0.372
P <0.0001 0.0094
2. PAH pg/g 2 0.292 0.394

P 0.0014 0.0122
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Table 13 - Location, Sample Size and Mean (SD) Length of Mya arenaria Collected from
the Mass Bays 1992-1993.

Station Date collected WHOI Sample N Mean Valve
#'s Length (mm)
1 Weymouth Fore 91592 92-1100/1123 23 72777 £4.03
River
2 Neponset River, 91592 92-1124/1147 24 7178 = 8.18
Boston
3 Saugus River 01692 92-1148/1171 24 7178 £ 8.19
4 Fort Point Channel, 91692 92-1172/1195 24 58.52 + 3.21
Boston
5 Scorton CreeFk, 91792 92-1196/1219 24 76.77 + 5.66
Sandwich
6 Herring River, 91592 02-1220/1238 19 79.04 £3.55
Wellfleet
8 Chelsea River, 51993 92-190/209 20 53.58 £ 7.27
Boston
9 Earhart Dam 51993 93-170/179 20 56.5 +7.54




Table 14 - Frequency of Occurence of Specific Histopathological Conditions in

Mya arenaria - 1992

Station number

Tissue Lesion ] 2 3 4 5 6 8
blood cells leukemia 0 1 0 4 0 1 2
gonad inflarnmation 6 6 12 10 i 0 3
parasites 0 2 0 0 6 1 3
neoplasia 0 0 3 0 0 0 0
gill parasiles 5 i3 1o 6 10 4 3
inflammation 7 13 19 12 5 9 10
mucous cell (avg) 2015 205 210 200 200 200 200
hyperplasia 5 14 13 I 2 9 6
kidney brown cell # {avg) 235 2770 210 265 200 211 2.65
parastes 3 9 7 0 10 9 4
gr/br debris 7 3 3 17 1 5 12
hyperplasia (avg) 275 315 295 300 210 226 300
heart sac hyperplasia 0 0 0 0 0 G 0
inflammation 0 0 O 0 1 0 0
colon 0 0 0 0 0 0 0
mantle inflammation 3 4 4 4 1 2 2
other abnorm 0 2 3 i 0 2 1
neural {issue 0 0 2 ! 0 0
foot inltammation ¥ 0 0 0 I l }
other 0 ! ! 0 } 3 0
style sac ! 3 0 0 2 0 0
intestine epithelia parasile G 2 0 ¥ 3 ] ]
inflammation 0 0 0 0 0 0 0
Necrosis 0 I O 0 0 0 0
hyperplasia 0 i 0 0 0 1 0
brown cell # (avg) 2.16 1.84 205  2.30 130 2060 210
lumen parasite 0 1 0 0 0 0 I
other abnorm 0 0 0 0 0 0 0
digestive gland parasites 8 7 0 3 4 3 0
brown cells in ct {avg) 1.8 2.3 2.3 175 085 1.79 1.95
absorptive ceils vacuolation (avy) 4,15 4.7 445 4.65 4.5 479 395
height (ave) 4.1 4.7 4.45 4.7 4.5 479 3.9
reserve cells occurrence (avg) 4.} 4.4 425 445 3.75 4,89 305
mantle edge inflammation 0 i 4 2 ! | 1
mucous cell # (ave) 0 0 0.22 0 §] 0 0
green gland abnom {avg) 269 287 338 294 1.91 2.54 2.80
adductor muscle abnormality ( 0 ] i 0 0 0
siphon inflammuion 2 ] 3 1 0 6 0
hyperplasia | ! 0 0 0 0 0
parasite 0 1 0 0 I 1 0
other 0 0 0 0 0 0 O

20 individuals examined per station
Integers represent number of alfected individuals per station.
Fractional numbers are averages of extent of condition at each station




Table 15 - Frequency of Occurence of Specific Histopathological Conditions
in Mya Arenaria - 1993

Station #
Tissue Lesion 8 9
Blood Cells leukemia 1720 1720
Gonad inflammation 720 5720
parasites 020 1720
neoplasia 5/20  0/20
Gill parasites 5/20 1120
inflammation 20/20 20720
hyperplasia/ 820  2/20
papilloma
Kidney brown cell 19/19  14/14
parasites 6/19  0O/i4
gr/br debris 19/19  7/14
hyperplasia 19/19  No
data
Mantle inflammation 17/19  15/20
Digestive brown cells in ct 19/19 20720
Gland
Green abnorm 20120 20/20
Gland

20 Individuals Examined Per Station, unless otherwise noted
Integers Represent Number Of Affected Individuals Per Station.



Table 16: A List of Pathological Observations Analysed for Site
Differences in Mya arenaria and Mytilus edulis

Lesion description Abbreviation
Gonad inflarmmation {Gnl)
Gonad parasites (Gn2)
Gonad neoplasia (Gn3)
Gill parasites (Gl11)
Gill inflammation (G12)
Gill hyperplasia/papilloma (GI3)
Brown cells in the kidney (Kdl)
Kidney parasites (Kd2)
Green/brown debris in kidney (Kd3)
Kidney hyperplasia (Kd4)
Granularity of cells in kidney (Kd5)
Cells in the tumen of Kidney (Kd6)
Inflammation in the mantle (Mn1)

Brown cells in the digestive gland connective  (Dgl)
tissue
Parasites in the digestive gland (Dg2)

Abnormality in the green gland (Ggl)




Table 17 - Intensity of Hemopoietic Neoplasia in Mvya arenaria

Number of clams in each group

O I I 111
Weymouth 20 0 0 0
Neponset 19 ] 0 0
Saugus 20 0 0 0
Fort Point Channel 16 2 i |
Chelsea River 18 2 0 0
Scorton Creek 20 0 0 0
Wellfleet 20 2 0 0

Groups of clams defined as:

O: No evidence of any neoplastic hemocytes

I: Between | to 15 % of hemocytes were neoplastic
II: Between 16 to 70 % of hemocytes were neoplastic

II: Greater than 70 % of hemocytes were neoplastic



Table 18 - Location, Sample Size and Mean (SD) Length of Mytilus edulis Collected from

the Mass Bays 1992-1993.

Station Date collected  WHOI Sample N Mean Valve
#'s Length {mm)
7 Island End River 51993 93-285/304 20 39.6 £6.3
8 Chelsea River, 51993 93-245/264 20 52851275
Boston
i0 Pier 2 Navy yard 51993 03-265/284 20 42.05 % 6.57




Table 19 - Frequency of Occurence of Specific Histopathological Conditions in
Mytilus edulis - 1993

Station #
Tissue Lesion 7 8 10
blood cells leukemia 0720 1220 0/20
gonad inflammation 4/20 7120 15/20
parasites 2120 1720 4720
neoplasia 0/20 0/20 0/20
gill parasites 0/20 1720 2720
inflammation 0/20 1720 0720
hyperplasia/ 0/20 0/20 0/20
papilloma
kidney granularity of cells ~ 19/19 17/17 20/20
parasite 020 17417 1720
hyperplasia 19/19 17/17 20720
cells in lumen 13/19 13/17 15/20
brown cells in epith. 18/19 8/17 10/20
digestive brown cells in ct 0/20  5/20 3/20
gland
parasite No 1/20 3/20
data
green gland abnorm 8/8 16/16 17/17

20 individuals examined per station, unless otherwise stated
Integer represent numbers of affected individuals per station




