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III. Results am DisOlSSion - Northeast Region

Given the voluminous body of data generated between 1984 am 1986, the
m:>st concise evaluation of sites can be made us:in;J mean values of variables
for cxmprrison, as is dane lle1CM. Many new variables (e.g. fraction of
pesticides in total d1l=i.nated hydrccarlxJns) may be created that are of
interest in making varialS cxxrparisans. 'lherefore, while this report
addresses all aspects of the stOOy, it is not an exhaustive treatment of the
data.

A. fhysical am O1emi.cal Claracteristics of SEdiments

D:lta presented lle1CM are eJePressed as mean values for each of the twenty
sites sanpled during this stOOy (stOOy mean) . Interannual differences in
concentrations of varialS analytes were d:lseIved at several sites. Although
these differences were statistically significant they were small in magnitude
am prOOably due in part to chan;Jes in sediment sanpling procedures.
variation in sanpling occurred at twelve sites: Machias Bay, Frenchmans Bay,
Pencilsa:lt Bay, casco Bay, Merrimack River, salem Harbor, Boston Harbor,
Buzzards Bay, eastem am 'NeStern IJ:n;J Islam Sourxi, Raritan Bay am Delaware
Bay (Table 1). C21anJes consisted of station relocation after 1984 (e.g.
casco Bay), or sanpling different mmi:lers of stations in different years (e.g.
Buzzards Bay).

Additionally, because of the large number of variables for correlation
analysis, only the largest of the sanetimes IlI.IIlIel:'a.I statistically significant
correlations between the variables discllssed are presented. '!he statistical
significarx:e level is a: = 0.05.

1. Percentage fines am 'roC

Between 1984 am 1986, percentages of fines am 'roC were detennined in
sediments fran twenty sites in the Northeast (Figure 1) • Percentage fines
refers to the weight percentage of sediment with particle size equal to or
smaller than 63 JmI in diameter, also called the silt-clay fraction, while 'roC
represents the weight percentage of total organic caman. sites were d10sen
to :in:lozporate a rarx:JEl of environmental conlitians, fran well scoured, san:ly
areas with little or no ant:hrqlogeni.c inp.Its (e.g. eastem IJ:n;J Islam Sourxi
am the DrJUt:h of the Merrimack River), to ooostricted, depositional areas with
relatively high voltmleS of ant:hrqlogeni.c inp.Its (e.g. Baston Harbor).

Althalgh the rarx:JEl of silt-clay levels was wide (Figure 2a), sediments
at m:>st sites contained 60% silt-clay or =re. only two sites had less than
35% silt-clay (Merrimack River, eastem IJ:n;J IslarD Sourxi). Generally, sites
having lower levels of silt-clay were the reference sites. Anm.1al mean silt­
clay levels were not significantly different within any site except Buzzards
Bay am casco Bay, Vlere higher levels were fam after 1984. C21anJes in
Buzzards Bay levels can be attriJ::uted to variations in rnmt>ers of stations
sanpled between 1984-85 am 1986, while c:haIJ;Jes in casco Bay levels were due
to statim relocatim after 1984. Silt-clay was significantly correlated
(N=48,R2:.63) with alumi.rnJm, irCIl, 'lOC, nickel am thallium.
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Percentage 'IOC in se1iment also varied widely (Figure 2b). '!he
distribItion resembled that of silt-cl.ay, as wculd be expected, since, in this
study, the bio parameters are highly =rrel.ated. IDi;er 'IOC levels were fOllIl:J
at the sarxlier sites, lffiile higher levels were foond at the depositional
sites. Differences in annual mean 'IOC levels were not statistically
significant except at casoo Bay. 'Jhi.s differen:::e, however, is prOOably due to
station relocation after 1984. Percentage 'IOC was significantly correlated
(lQ28, ~.70) with lead, zinc, cadmi\DII, cq:per, nickel, hepta- am octa­
chlorabiplenyl, fluoranthene, benzo[a]anthraoene, benzo[e]pyrene,
benzo[a]pyrene am cq>rostaml (for which N=12). Altha.lgh cq>rostaml data
are available only for one year, the high correlation between 'IOC am
cq>rostanol~ that the 'IOC, at least in those sites ...nere these
suI:lstarv::es were present in excess, is mostly sewage derived. '!he teJ:m sewage,
in this l:epol:t, :refers both to the sooroes of the materials :reaching sewage
treatment plants, including UJ:ban :rurx>ff am dcmestic am :in1ustrial wastes,
am to the effluents fran those plants.

2. Cq>rostanol am Clostridi\DII

Cq>rostanol measurements are available fran 1984 only. Clostridi\DII data
are not available for the period 1984-1986.

Mean cq>l:a:.-tanol levels (Figure 3) varied by an ol:der of magnitude, with
highest levels fOllIl:J in UJ:banized areas, such as Boston am Salem Hartlors am
Raritan Bay, ...nere sewage volumes are considerable. Lowest levels (less than
1,000!PJ) were fOllIl:J at sites adjacent to rural areas. Sources of
cq>rostanol include agricultural. :rurx>ff and sewage. In the Northeast :region,
at sites with oonoentrations below awroximately 1,000 !PJ, it is~
that both sooroes are iJrportant in detennini.n;J CXlIlceutrations in se1iment,
wilereas, in sites with higher levels, sewage sooroes daninate. Cq:Jrostancl
was correlated with levels of octachlorabiIbenYl, dibenzo[a,h]anthraoene,
lead, cadmi\DII am zinc in se1iment, am levels of cadmi\DII, lead, men::ury,
fluoranthene am pyrene in fish stanach CXlIltents. ():)rrelations between
cq>rostanol am these se1iment contaminants are not smpris:in::J since their
CX111liOCl origin is primarily sewage. Correlations between cq>l:ostanol am
contaminants in stanach contents su;p;JeSt that the origin of these CCIlpCJlIl'X:1s
was the se1iment, Where the cq>rostanol was foond. 'Jhi.s is consistent with
the d:lsel:vation that sane species of demersal fish :in::Jest sedimel1t as they
feed (see section D).

3. Polycyclic Al:anatic Hydroc::arl:lon

Mean total PAR levels (Figure 4) also varied over a wide range, with the
highest levels fOllIl:J in the DOre Ul:banized areas. Carparison of mean PAll
levels between 1984 and 1985 (1986 data not available in time for this report)
showed differences in mean levels of fluoranthene, benzo[a]anthraoene am
pyrene, altha.lgh total PAR levels were not diffE!l:ent. 'llJese diffel:euces also
can be related to c:han;Jes in sanpl:in::J between 1984 am 1985. Total PAll levels
were highly correlated with the tri-, tetra-, penta- am hexa-c:hlorcbiIbenYls
am sevel:a1 individual PAR C'"100nds.
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4. Clllorinated HydrocartxlI1s - Pesticides am K:Bs

Except for the relatively high oc:n:lel1tratiCX1 in Bostal Hartlor, total
pesticide levels did nJt vary widely (Figure sa). Highest values 10Iere fCAll'Xi
in the w:banized areas (Raritan Bay, salem Harbor), while low or trace levels
10Iere fCAll'Xi elSE!'wilere. Mean levels of total pesticides 10Iere not significantly
different bebieell 1984 am 1985. Althalgh inlividual pesticide 0 i1i£CIUI'rls were
correlated with each other and with several PAll C'lllaJI'Ds, total pesticide
levels were not highly correlated with other variables.

'!he ran::Je of levels of total K:Bs (Figure Sb) was wider than that of
total pesticides, IlDre closely res 'i"linJ the ran::Je of total PAlls. Highest
total PCB levels were also fCAll'Xi at w:banized sites. Total K:Bs, like total
pesticides, 10Iere not highly correlated with other 0 "IClUl'rls, although
inlividual carY]eIlerS were correlated with each other and with several PAll
cc lUI ourrls.

'!he distr:il:JUti.on of total chlorinated ex i1IClUl'rls (sum of all pesticide
and PCB ex i1i[CIUI'rls, Figure 50) was siJnilar to distributions of total pesticides
and total PCBs above. '!he distributiCX1 of the fractiCX1 of pesticides in total
chlorinated Clalpa.Il'rls (Figure Sd) shews that higher prqxlrtions of pesticides
were fCAll'Xi at the watershed (rural) sites than the w:bani.zed areas.

5. Metals

CCX1oentrations of the major sediment elements, alumirnIm, silicon am
iron (Figures 6a-c) depen:i llDStly on silt-clay content and were within
eJlPeCted ran::JeS for marine sedi_nts (Riley am Chester, 1971). Differences
in annual mean levels of these netals were related to sanplinJ dlan:Jes between
years. 'Ihese netals, alarr;r with 'roC am percentage fines, 10Iere significantly
intercorrelated.

Natural ahm:iances of the grwp of foorteen elements measured in this
study (Figures 6d-q) vary by two or three orders of magnitude (Riley am
Chester, 1971). Clean, fine esbJarine sediment contains awroximately 0.2-0.3
ngjkg cadmium (Figure 6d) an:} awroximately 120 ng,Ikg" zinc (Figure 6m). order
of magnitude increases beycn:l natural (bac:kgrc.uIxl) levels of cadmium were
fCAll'Xi in w:bani.zed areas, while increases in zinc were smaller. In salem
Hartlor, an .increase of two orders of magnitude in dlranium was fCAll'Xi (Figure
6n). In general, highest increases above natural levels for all the trace
netals were fCAll'Xi at sites adjacent to w:bani.zed sites, those sites that also
had high levels of the other pollutants. statistically significant annual
variations in mean sediment OCb::Elluations were d::lseIved for all the trace
netals, hIt were due to sanplinJ diffeLe..::es, as described earlier.

Individual trace netals were highly intercorrelated am several were
highly correlated with other contaminant variables, such as c::q>rostaool am a
variety of PAHs, pesticides am PCBs.
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6. Principal CCIIp:>nerJts Analysis of SEdiment

Initially, this analysis was performed usin;J all the sediment variables
(except CXlpLLStanol) at once. '!he organic variables were fourxi to be
CUi(cnents of the 'lIX-oontaminant f:;;ct= derived in the first analysis
described below. After this preliminaLy analysis, sediment variables were
divided into two graJpS in oLder to maximize the ratio of observations to
variables am minimize the effects of missin;J groups of measurements in sane
years.

'!he first groop was oc:uprised of 'lIX, percentage fines am seventeen
metals, am sparmed the years 1984-1986. A plot of the first two principal
CX'IlqlOIleI'lt (hereafter called factors), wdl ac:cnmted for 65% of the
variance, is shoIm in Figure 7a. Factor 1 (X axis) can be CXJI1Sidered a
oontaminant factor, as it is CXiup:lSed pr.i:marily of 'lIX am the oontaminant
metals, cadmiUIII, cq;:per, nickel, lead, zinc, thalliUIII, arsenic, mercw:y,
seleniUIII am tin. Factor 2 (Y axis) can be CXJI1Sidered a silt-clay factor,
since the JOOSt inp:>rtant variables in this factor are peLalntage fines, iron
am alUllli.num. At sites within the ellipse, there is a linear :relationship
between levels of fine sediment am levels of oantaminants - clean, san:iy
stations (fran sites such as Delaware Bay, easteLn I.orl;J Islam 8aIrrl, etc.)
appear in the lower left =mer, mile clean, fine-grained stations
(FLend1mans, Penobscot am cas= Bays) awear in the uwer right. stations to
the right of the ellipse are contaminated, these sites =ntainin:J higher
levels of 'lIX am contaminants than lllCUld be expected for the levels of fine
sediment pL :SEnt. 'lhese stations are fran the Baltinx:lre HaLbor am Elizabeth
River sites, in addition to sites in Boston HaLber, Raritan Bay am salem
HaLbor.

'!he secan:i groop of sediment variables was OCIlprised of 'lIX, peLee11tage
fines am forty-one hydrocaLbons (oot incl1.1din3' copra>tanol) am sparmed the
years 1984-1985. A plot of the first two principal CXIlp)I'IeI1ts, wch
aCClaIl1ted for 60% of the variance, is given in Figure Th. Factor 1 (X axis)
can be CXJI1Sidered as a PAH-FCB-'roC factor, am factor 2 (Y axis) a pesticide
factor. Silt-clay was oot an inportant variable in this data set. '!he
:relationship between PAH-FCB-'roC am pesticides is fairly linear (ellipse),
even at stations fran sites containing high levels of these 0CIlp0urxis (uwer
right) • stations fran cleaner, sardy sites are shoIm in the lower left
portion of the plot. As PAH-FCB-'roC am pesticide ooncentrations increase,
station characteristics vary fran sardy am slightly contaminated (e.g.
easten1 I.orl;J Islam 8aIrrl), to fine am slightly contaminated (e.g.
Narragansett Bay), to fine am m:xlerately cantaminated (e.g. Raritan Bay), to
fine am highly contaminated (e.g. Boston Hamor). stations cutside the
ellipse contain a higher ratio of PAH-FCB-'roC to pesticides than stations
inside the ellipse. 'lhese stations are pr.i:marily fran the Boston am salem
hartlor sites.

'lhi.s analysis was subsequently re-LUll usin;J ally 1984 hydrocarlxn data,
in oLder to incol:pc>Late CXlplX6tanol measw:aE.ilts. Results were essentially
~, am it was fourxi that cx:prostanol was a iill('OIleIlt of factor 1.
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B. Chemicals in Fish

In order to carpare levels of dle:nicals in fish tissues betlNeen sites,
it is necessary to collect the same species at every site. However, because
of the large latitu:linal. ran:Je in the northeast region, a suitable m:mitorinJ
species was rot available whose habitat sparmed the entire area am,
oonsequently, six species were used (Table 1). Altha.¥;)h this erklbles
CXJ!P"risans between species, cxmparisans between sites are possible only
where a sinJle species was collected. Additionally, dlanJes in sanplinJ after
1984 resulted in the collection of different species at sane sites.
'Iherefare, for cxmparinJ sites, data for the followi.n;J species am sites are
depicted: lCJR3ho= sculpin lMyoxo '" tlalus octodeoeJnspinosus) from Madllas Bay
to Casco Bay, winter flamder (Pseudopleuronectes americanus) fran Merrimack
River to Great Bay, winda.Ipane flamder (Socx:hthalm1s aguosus) in Delaware
Bay, spot (Ieiostarus xanthuros) in uwer am lower (»esapooke Bay am
Atlantic croaker (MiCLUQW9!l W'rlulatus) in the Elizabeth River.

1. stanach contents - PAlls, allorinated Hydrocarl:lans am Metals

levels of total PAlls in stanach contents (Figure 8a) varied extensively,
with highest values foorrl in winter flamder fran Boston Harbor am Raritan
Bay, am spot fran the uwer Olesapeake Bay. levels were generally lawer than
in sejiment, suggestinJ these cx:IIpOOI'Ds are metabolized by prey amjor fish.
InteranrnIa1 differences were ~ed !:Jut are rot sw:prisinJ, considerinJ that
the cx:iIi[XJSition of stanach contents can vary daily, if rot m:>re frequently.

Total pesticides, total PCBs am total chlorinated hydrocartlons (sum of
all pesticide am R:B CCIIpOlllYJs) in stanach contents (Figure Sb-d) also varied
widely am, in general, were higher than in sediment, suggestinJ that these
CZlllaJl'XU; are accnnulated by prey (am rot metabolized rapidly by fish).
levels of these OlllaJl'XU; were 2-5 fold higher in stanach contents than in
sejiment. At the 8.lzzards Bay am Merrimack River sites, stanach content
levels of total PCBs am total chlorinated hydrocarbons were 10 fold (or m:>re)
greater. Highest levels of total PCBs am total chlorinated hydrocartlons were
foorrl in ()lin::y Bay, Raritan Bay, 8.lzzards Bay an1. Merrimack River, while
highest levels of total pesticides were foorrl in Raritan Bay, followed by
Delaware Bay, liIeStern I.on3 Islam 5a1n:i, Boston Hal:bor, ()lin::y Bay am Salem
Harbor. InteranrnIa1 differences were cilsel:ved in levels of these cx:IIpOOI'Ds,
!:Jut their significaIXle is lICre qJa1itative than quantitative because the
frequency of variation in stanach contents (daily) is IlI1dl greater than the
frequency of ~tion (anmJal).

Differences were 00served between the fraction of pesticides in stanach
contents (Figure Be) am sejiment (Figure Sd) at sane sites. Increases of 10%
or m:>re were foorrl in uwer ~esapeake Bay, Raritan Bay, easten1 I.on3 Islam
5a1n:i, Salem Harbor am Machias Bay. SUch increases suggest differential
aexumllation of pesticides over PCBs. 'lhree different species of fish were
collected at these sites, so it is difficult to detenni.ne whether these
differences are species related or habitat related.
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Distributions of metals in stanadl contents (Figure 8f-r) generally
resemble:! those of se1iJrent metals (Figure Ga-q). levels of IOOSt metals in
stanadl contents '<Iere lower than se1iment levels. 'Ibis suggests that metals
are metabolize:! by the prey, not aooDDIlated. Selenium is one exception.
levels '<Iere higher in stanad1 contents than in sediment, sug;Jestin]
aooJD"l aticm by prey. Selenium stanadl oantent levels, hc:Jwever, are well
within the nonnal ran:Je fami in marine fish tisslles. Distributions of
cadmium am arsenic, tloo of the DDre toxic metals, in general '<Iere similar to
those of the other metals, bIt stOMm ccrrt:ent in::reases (beyon:l sediment
levels) '<Iere fami in certain sites (e.g. arsenic in Buzzards Bay, cadmium in
Pend:Jscot am Mad1i.as Bays), Sl.Ig9PStin:J aooJDlIlaticm by prey at these sites.

2. Bile metabolites of PAHs

'!he metabolites of the ~thalenes include metabolites of all eleven
low IlOlecular _ight PAHs measured (two- am three-rin] cc.rrpJl.lI'ds, also
referre1 to as the petroleum derived fracticm of PAHs). '!be metabolites of
the benzopyrenes include metabolites of all seven higher IlOlecular _ight PAHs
measured (cx:rrpcurrls containing IlOre than three aranatic rings, also referre1
to as the ClCIIlb.lsticm derive:! fraction of PAHs) •

'!he distribution of bile metabolites of petroleum PAHs is shown in
Figure 9a. In general, levels in lon;)horn sculpin are lCMeSt (:::.20 JPll or
less) am do not differ ~iablybebieen sites. levels in spot, win10wpane
floun:ier am croaker are oooparable (=::a0-130 JPll) am higher than sculpin
levels. winter floun:ier levels vade:! bebieen low ("'30-40 JPll) levels am the
maxi.m.nn (:::.255 JPll), with the highest levels foond in Raritan am Narragansett
Bays am Boston am Salem Harbors. 'Ihese variations may be due to species
differences, or they may be related to oantaminant exposure. Figure 9b shows
the distribution of petroleum PAHs in se1iment. In general, the same tren:l is
seen in sediment - lCMeSt levels in se1iments fran sculpin am wimowpane
floun:ier sites, higher levels in se1iment fran spot sites, am a wide ranJE! of
levels in winter floun:ier sites, MJere high am low levels of petroleum PAHs
in se1irent conesp..ud with levels of metabolites fairly well.

'!he distributicm of metabolites of cxynbJSticm PAHs is shown in Figure
9c. In general, sculpin levels '<Iere lCMeSt overall (am similar, site to
site). Wimcwpane floun:ier levels '<Iere higher than sculpin levels, follClllllE!d
by spot am croaker. levels in winter floun:ier, as with the petroleum PAHs,
vary fran near minim..Jm to maviulIJD, with highest levels fami in Raritan am
Narragansett Bays am Salem Hamor. levels of total se1iment CXIlblsticm PAHs
(Figure 9d) do not a:n:LE!SfOiD to bile metabolite levels as well as in the case
of petroleum ""loun:ls. levels in sediment are all fairly low at all the
sculpin, winiowpane floun:ier am spot sites, bIt again show a wide ran:Je Oller
the winter floun:ier sites.

3. all.orinated Hydroc:artxn; am Metals in Liver

'!he ran:Je of total pesticides (Figure 108) am total PCBs (Figure 1Ob)
both varie:! by awraximately an order of magnitu3e, while the ran:Je of total
chlorinated ""loun:ls (Figure 1OC) varie:! by tloo orders of magnitude. Highest
mean levels of total PCBs am total chlorinate:! hydrocarl:lons '<Iere fami at
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sites adjacent to urbanized areas (e.g., Bcsta1 ani salem Harbors, Raritan
Bay), ani highest mean levels of total pesticides '<iere fourn at rural
(watershed) sites (e.g., Great Bay, Delaware Bay). Fran the viewpoint of
species contaminaticn, levels of these (I "lo.m::ls in sculpin, spot ani croaker
'<iere low ani cxnparable. winter flaJIDer levels vary fran near m:ininum to
maxim.Dn, ani winicwpane flaJIDer levels '<iere near the middle of the ran::Je.

'!he fracticn of pesticides in livers (Figure lOCi) of species fran
watershed sites was greater (~O%) than elsewhere ($20%). Buzzards Bay fish
had the smallest pLqxJlticn of pesticides in liver tiSS'le, possibly because
the mixture of oontami.nants enteri.n;J the bay is 0 "losed of a high proportion
of PCBs, prdJably originati.n;J in New Bedford Harbor.

'!he .:, "lo.m::ls alIila-dllordane, trans-IX:I'laCil1or ani the tri- through
hepta- d1lorabiIiJenYls '<iere all highly ani significantly :intercorrelated,
=nsistent with similar geogtaIilic distril::utions of levels of these c:arpaurDs
in fish livers. Relationships with len;Jth or '<ieight coold not be explored
since data are fran OC"losites of livers.

No significant differences between aIIIUIa1 mean levels of total PCBs or
total d1lorinated~ '<iere fourn at any site. A significant increase in
aIIIUIa1 mean levels of total pesticides was fourn in Delaware Bay between 1984
ani 1986, bIt mean len;Jths (Figure lOr) ani '<ieights (Figure lOs) of specimens
varied duri.n;J that period ani may explain the increase. Rates of a=uDn]lation
of these co "lo.m::ls are nu::h greater than the CXJlI8SfXJlrlinJ dep.Jration rates
(due to lipid-aquecus partitianiJ'J]), so i.n::teases in COI"''''lIlration \oIO.lld be
expected to acxx:IIpaIly len;Jth or '<ieight i.n::teases.

Figures 1<le-q show the distritutions of trace metals in fish livers.
Differences between sites due to different species are llj;pareIlt, as are
differences between sites due to habitat differences (e.g., winter flourner
sites). Liver levels of metals '<iere lower than sediment levels, except for
selenium (all sites), arsenic in Buzzards Bay ani cadmium in Penc:i::scot ani
Madllas Bays.

Interannual differences in mean levels of at least one metal '<iere seen
at all sites. 01an;Jes in mean len;Jths arD/or '<ieights of fish collected
occurred in thirteen sites duri.n;J the same period. sane of these differences
in liver metal levels '<iere due to sanpli.n;J variations between years (different
species sanpled), others '<iere due to sanplin;J different size classes of the
same species. Altlxu#l statistically significant, all differences '<iere small.
'!he natural abJrDaILles of the group of metals detennined in fish livers vary
by as nu::h as five o:rtlers of magnitude (Bowen, 1979). Also, many metals, like
PARs, are metabolized, so siJlple acoDJIllaticn CNer time (as lepresented by
len;Jth or '<ieight) is not expected. Adtiticnally, since body b.u:dens of
dJemi.cals are influeooe:l by the caJi>ined effects of all the dJemical Cl "lo.m::ls
to which an animal is exposed (Le., the pt ES:noe or alJseooe of a certain
«' l'l':IlIJ:i may cause an :increase or dec::Iease in the level of another c, "l'CUlld) ,
elevated levels of metals in fish liver are not necessarily fourn in
contaminated envitClimeJIts. Similarly, low levels of metals in fish livers are
not necessarily fourn in clean envircnments.
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Variations in liver metal levels due to sex \lIeXe also explored. '!here
was a significant difference bebieen males ani females in at least ale metal
at fNery site (except casco Bay) aver the period of the stu1y. 'Iile greatest
diffezelloes in liver metal levels associated with sex \lIeXe fam::l. in iron
levels, where livers of males (inespec:ti.ve of species) had 2-3 tiJnes the iron
content of livers of females. ~ differerx:es in len;jth (due to sex) \lIeXe

significant (four sites), females \lIeXe always larger. Significant differerx:es
in weight due to sex \lIeXe fam::l. in 'boo sites, females beirq heavier.

c. Fish PathOOiology

1. Hi.stcpathology

'l1le mDJiJp.r of fishes collected between 1984-1986 are shown belOW'. Spot
ani croaker \lIeXe collected only fran O'esapeake Bay sites ani will be
di scussed in conjunction with aoother report (SOUtheast ani Gulf) • SCUlpin
tissues \lIeXe not examined in time for data analysis for this report.

winter flam::l.er

WirDowpane flam::l.er

Iorghorn sculpin

Spot

1984

240

90

o

54

51

1985

300

188

180

60

6

1986

270

68

90

60

30

Liver: Seventy-seven types of liver lesions \lIeXe fam::l. in flatfish. Of
these, four lesions \lIeXe dIosen for detailed analysis, 1) AC\T-atypical cell
vaarolation (''RAW' cells, apc:ptosis), 2) biliazy hypezplasia, 3) basq:hilic
foci ani 4) clear cell foci. Total neq>lasms \lIeXe also considered.

Kidney: Fifty-nine types of lesions \lIeXe d:lseJ:ved in flatfish. 'lWo
lesions \lIeXe dIosen for detailed analysis, 1) hyaline degeneration of tub.1l.ar
epithelium ani 2) macrqilage center proliferation.

Gill: Forty-'boo types of lesions \lIeXe d:lseJ:ved in flatfish. Of these,
four lesions \lIeXe dlcsen for detailed analysis, 1) papillary hypezplasia of
filanent epithelium, 2) bifurcation of Jame]lae, 3) thraIi:li in capillaries ani
4) lamellar fusion.

'l1le mean prevalence ani standard deviation for these ten lesions for
sites between casco Bay, ME ani Great Bay, N:J are shown in Figure lla. 'l1lese
figures reprEsent three years of data for six sites ani 'boo years of data for
four sites (casco Bay, Merrimack River, Raritan Bay ani Great Bay). Total
neq:llasms are not included in this figure. Lesions with large stamard
deviations have highly variable prevalence ani might prove fiuitful for
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further analysis. Figures Ilb thra.Igh llj illustrate the JOOaIl arxi starDard
deviation of nine of the above lesia'lS as they varied by site (gill lamellar
fusion JDt shcMn). Lesions with small stamaztl deviations are the best
can:lidates for =rrelative stu:ties, si.IDe there are small year to year
variations in prevalen:e at any given site.

2. Gross pathology

Gross external lesia'lS were eI'IOClD'ltered so infrequently, that they are
JDt useful in a stOOy oont:ainin:J so feltl scmples per site. Gross internal
lesions were also uno III.'", except at the Bost:a1. HarlJor site.

3. ~, age arxi gender dlaract:eristics

In spite of efforts to =llect fish of a specific age, winter flam:ier
specimens prtilably spanned foor years in age. Based on lerqt:hs arxi the
relation of len;jth to age, arxi allowing for sexual c1iJooqiti.sm, as reported in
the literature for different areas of northeast =astal waters ('rable 2), the
fish raI'l1ed in age fran three to six years, with the majority aged foor to
five years. nJese differen:es were JDt considered in the data analyses.

4. stanach contents taxalalIy - JDt exami ned.

D. Relationships aJlCI'J;J ClIemi.cal Parameters

NllIlera.Is cont:ami.nants were lI¥>ilS'lrEld in sediment, stanach contents, bile
arxi liver, in an at:t:ellpt to follow the paths of these CCIIpJl.ll'Ds thra.Igh
various eatparbnent:s of estuarine habitats. Various amounts of sediment were
faun in stanachs used for CXIlpClSites for stanach content analysis. si.IDe the
species of demersal fish used in this region inJest sediment when feeding, the
degree of contamination of a site, as depicted by sediment contaminant
=noentrations, plays a part in deteDninin:J the ration of pollutants in the
diets of fish fran these sites. Si.IDe benthic species CCIIprise the majority
of the diet of these fish, their response (e.g. aoo.mul.ation or elimination)
to sediment ocntitions also plays an inportant part in deteDninin:J the
pollutant ration of fish.

:Knowledge of levels of cont:ami.nants arxi sane of their metabolites in
liver tissue arxi bile, in ad:tition to pathological examination of tissues,
allows an assessnent of the response of these fish to sediment arxi dietary
ocntitions in their habitats.

In order to l'X'IJP"re dietaIy intake fran site to site, it will be assumed
that the feeding habits of all species used in this region are similar, that
fish fed in the site where they were =11ecte:i an:! that (persistent) CCIIpJl.ll'Ds
are simiJarly acoJDIllable by all species in the food chain (in other words, if
a PCB is bioacomulated by a benthic species, it is also acomulated by a
fish) •

OXlceptually, hypothetical distrfrutia'lS of cont:ami.nants in stanach
contents might be presumed to rES .ille sediment distrfrutions of those
cont:ami.nants, at least qualitatively. 'lhi.s relationship, however, deperDs on



10

the follC7i/in;J oansideratians. If stanam contents are OCIl1prised entirely of
sediJrent, levels in stanach cart:ents would be similar to sediJrent levels.
However, if stanach cart:ents are C'''(csed of sediment mixed with prey tissue,
t:\;o :inteJ::pretatians of stanach content data are possible. First, if
contaminant levels in prey ti SSIJe are less than levels in sediJrent, stanach
content levels might be less than sediment levels. Q:lIpa.lrDs for which this
is true are referred to in this Lep:JLt as rr.n-persistent, as they are
metabolized by prey am other species. 'lhat is, ccn::entrations in tissues
reach an "equilibrilUn" or "steady state" level detennined partially by the
ilIlD.Illts of these O,,(o.m::Is i.n;lested. 'Ihey, therefore, do not aOC'D!I11ate (or
bianagnify) in:iefinitely. F'Lequen:y of in1estion is also inportant, am, in
the case of fish, is assllT!Erl to be daily. 'lhus, these cu,,£,cun1s do not
persist in the enviramIent. seccni, if ocntaminant levels in prey tissue are
greater than the levels in the sediment, stanach content levels might be
greater than sediment levels, depeIXlin:J on the pl:op::>rtions of sediment am
prey tissue. 'lhese~ are teLmed persistent in this report, as they
are aOC'DJPllated by prey am ather species. '!hat is, the rate of elimination
of these ClCIIpCUI'X3s is negligible with respect to the rate of aOC'JDD11ation, so
=noentrations i.rx::rease in:lefinitely with time, as represented by the lergth
of the fish. CCX10entratians of these •"'1QlJ'}js attainable in ti SSlAS are
detennined by the frequency of their :in:Jestion am by an an:iJnal's tolerance to
them at elevated levels.

In general, levels of PAHs in stanach contents were similar to or less
than levels in sediments. One rationale is that this is a result of, in the
first instance, the presence of a oansiderable a:DX:lllnt of sediJrent in the
stanach, am, in the sec:xllXl, the presence of a greater prop::>rtion of food in
the stanach. I.evels in saIKiy sites, haNever, were greater in stanach contents
than in sediJrent. '!his is oansistent with the fact that PAHs reach sane
"steady state" or "equilibrilUn" ccn::entratian in food species (e.g. benthos),
am inlicates that prey items can awarent!y oontriJ:ute significantly to
stanach content PAll levels at sites where sediment PAll concentratior..5 are veLY
low, such as in saIKiy sites, where the steady state tissue =noentratian may
be greater than the local sediment ccn::entration.

While sediment PAll =ncentrations are expected to remain relatively
oanstant aver the years urxler noLmal CXlIldi.tions (no major pertuLbations),
c:harr;les in stanach cart:ents, am, therefore, in stanach content d1emical
ccn::entrations, can occur daily, thus causin;J sane dc:ubt abcnt the
quantitative significaIXle of anrnJa1 cilarJ:jes. Ckle might speCUlate that, unless
the site is extremely patchy or the habitat actually changed fran one year to
the next (whim aroears unlikely based on sediment data), fish resi.d.in:J in a
partiallar site c:ansume a diet that is fairly oansistent with respect to
species 0 "('OSition, dsJree of cantamination of prey tiSSlJe am dsJree of
amtamination of sediment. Still, cilarJ:jes in annual mean levels are
diffiallt to inteLpret. '!hey may sillply reflect differen::es in the prop::>rtion
of sediment in the gut at the time of scmplin;J.

I.evels of bile metabolites of PAHs give sane inlication of~ an
an:iJnal has recently metabolized any PAR C' "(0IlDs, as metabolites awear in
bile fluid within several boors of feedin:J. High levels lIIQ1ld suggest that
the intake of PAHs was oansiderable, which illplies that the sediment or prey
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contained high levels. High levels of :metabolites were fOlll'Xi only at the
known polluted sites, blt not cxnsistently. one might expect the distribltion
of bile :metabolites to resennle the distribltim of sediment PARs, that is,
show high levels in bile of fish fran ccntaminated sites ard low levels in
bile of fish fran clean sites. 'l\;O oan:titians lIJ.JSt exist, however, before
this can ocx::ur, the sediment in the site lIJ.JSt cart:ain PARs ard the fish
collected IIIJSt have in;Jested the sediment within boors of sanplinJ (fish feed
daily, blt st:anad1s can be E!Ipty twelve boors after feedi.nJ, cite, 1999).
since field sanplinJ activities were heavily influenced by vessel work
sdledules, it is possible that bile :metabolite levels fran a highly
contaminated site were low sinply because of the time of sanplinJ. 'Ihat is,
sanplinJ 10iell after feedi.nJ, when PAR :metabolite levels in bile were lII.ld1
lower than levels in specimens sanpled cptiJoally in time. High levels of bile
metabolites should not be fOlll'Xi in fish fran clean sites, since sediment
levels of PARs are relatively low at those sites. Urxier ideal capture
=rx:titions, then, a sinJle-species distribltion 1oU.ll.d show high levels of bile
metabolites at contaminated sites ard low levels at clean sites. Urxier less
than ideal oonlitions, low levels 1oU.ll.d be fOlll'Xi at clean sites ard, possibly,
at contaminated sites i.rq:tlortunely sanpled (blt high levels 1oU.ll.d not be
fOlll'Xi at clean sites).

Distribltions of dllorinated hydrocartxns (total pesticides, total PCBs
ard total dllorinated hydrocarbons) were qualitatively similar in stanaen
corrt:ent:s ard in sediments. HclWever, levels of these CH1'lamls were higher in
stanaen corrt:ent:s than in sediment, generally 2-5 fold (~OO fold in eastern
LIS). 'Ihi.s ocx::urs because prey species acaDD11ate these CCXlpOOOOs, makin:J
them available to higher predators. levels of several in:lividual pesticide
ard PCB CCXlpOOOOs in liver (trans-rxnadllor, dieldrin, p,p'-OOE, o,p'-ODD,
P,p'-ODD, Mirex, ard the tri- thrcugh heptad1lord:>iIilenYls) were significantly
correlated with the correspc:n:lin; oc:.up::A.lIDs in either sediment or stanaen
contents.

Liver conoentrations of dllorinated hyCrocart:xlns were higher than
conoentrations in stanaen corrt:ent:s (Ioilere levels were higher than in
sediment). Total pesticide levels were generally 20-50 fold higher in liver
than in sediment, liIhile levels of total PCBs ard total dllorinated
hydrocarbons were generally 10-30 fold higher in liver than in sediment. 'Ihi.s
strcn]ly SIJRXlrts the oc:ntenti.on that bioacomll1ation of these persistent
synthetic oc:Il'p:mX1s is ocx::urri.nJ thrcugh the food main. C"rI!p1lred to the
fraction of pesticides in sediments, the fraction of pesticides in livers was
greater at all sites except: Delaware Bay. For exanple, the fractions of
pesticides in sediments fran uwer ard lower Omsapeake Bay (sites OJ ard CL,
Figure 5d), were awroximately 15% ard lot, respectively. '!he fractions of
pesticides in livers of spat fran those sites were ~tely 28% ard 30%,
ilx:reases of 13 ard 20 percentage points. In general, liver levels were 5-20
percentage points higher than sediment levels. 'Ihi.s differential uptake
SllC};Je5ts that pesticide ••"llQlJlljs are DDre persistent in the enviU:Biibellt than
PCBs, that is, pesticides are :metabolized to a lesser extent than PCBs.

Distribltians of metals in sediment ani stanaen oantents were
qualitatively similar, blt distribltians of liver metals did not rcsrrhle
either sediment or stanaen content distribltians, Le., cx:aLElluatians of
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metals in livers were not highly =rrelated with the oonespon:lirq metals in
either sediment or stanac:h oantents. H:lst metals are not persistent (as
defined above) in the envixumeut, so their liver OOIu!i1trations cannot be
directly related to habitat dlaracteristics, unlike persistent .. 1110IlDs.
Metal levels do not .increase or decrease ally in relation to sediment
contamination. stanac:h oantent and liver levels are ultimately linked to
habitat dlaracteristics, !:nt, the mec:banisms resultirq in the d:lserved liver
concentrations are poorly understood. COIlsequent1y, respoose parcnreters have
not been derived that easily express tiSS'Je levels in terms of sediment
oontaminauts.

Fbr exanple, for eight of eleven trace metals, overall mean sediment
levels were higher than both stanac:h c:cntent and liver levels. 'lbese were
silver, cadmiUIII, dlraniUIII, cx:gJer, nickel, lead, zin::: and tin. Mercury was
higher in stanac:h oantents than in sediments, suggest.i.rq bioaCXlllll.l1ation by
the benthos, but liver levels were lower than bath stanac:h cootent and
sediment levels. Arsenic and seleniUIII levels shewed an in:::rease fram sediment
to stanac:h oantents to liver, indicatirq bioaCX'DlPl1ation, but levels of these
elenents in fish livers are naturally greater than levels in marine sediment.
('Ibis is only one instance of natural bianagnification.) Liver c:hemi.cal
b.Jrdens LepL Esent time-integrated Lespollses by an animal to its habitat. In
three of the most highly polluted sites in the region (Le., Boston Hartlor,
Q.rincy and Raritan Bays - winter flourDer sites), 'oIh:il.e levels of merc:w:y, one
of the IJDL'e persistent pollutant metals, arP""'r elevated, most metal levels
are tmremarkable. Iron levels are elevated in livers of these fish, possibly
indicatirq sane similarity in Iilysiological Lespollse. Haoiever, arsenic levels
are high in Raritan Bay fish livers, but low in Boston Hartlor and Q.rincy Bay
fish livers, indicatirq diffeLel1CE!S in Iilysiological respalSe.

E. Relationships between Cllanical and Biological Parameters

Ideally, one oool.d take the results of the histcpathologic survey and
CUl(lilL'e them with the LeSU1ts of the chemical analyses to ellplore possible
causal relationships between lesion prevalence and contaminant levels;
however, this has proven to be unrealistic. sane of the reasons for this are:
1) age differeiU!S, mostly between sites, but also between years at the saIre
sites; 2) sex diffeLeIU!S ~c:h caused markedly skewed sex ratios (usually
favorirq females) in several sanples; and 3) many of the meaSllL'ed values for
sane variables used in the analyses were zero. When these factors are
~ by the relatively small nlDber of sites at ~c:h DIllti-year data
exist for even the most intensely sanpled species in the oortheast (winter
floonder), this results in analyzirq distri.I:utians ~c:h may significantly
depart from nonnal. Of the lesioos c:hcsen for analysis, ally three, atypical
cytqllasmic vacuolation of hepatocyte (Figure llb), hyaline degeneration of
renal tuJ:W.ar epitheliUIII (Figure llf), and bifurcation of gill lamellae
(Figure ni), had distriootians cq:proac:hin;J nonnal after the arcsin
transfOLmation was cq:plied to the data (Figures 12a~). However, these three
may be the most significant of those stu:lied with respect to their possible
ilrluction by envi.ra1mental contaminants.
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1. Lesion prevalen::e vs. sediment dlemi.cal factors

In spite of the problems di SOlssed above, an at1:elIpt was made to use the
data to explore causal relationships between levels of cantami.nant:s in
sediments ani abseI:ved histologic lesions. Lesions dlosen for analysis were
those whim showed a marked difference in prevalen::e between the JOOSt
contaminated site ani the least contaminated site. T"...'el1ty-one liver, twenty­
one kidney ani six gill lesions were selected. '!he distril:lutions of the mean
prevalen::e (two or three years data) of these lesions am::n;J the sanplin:1 sites
were then examined qrapucally. A subset of the lesions was then selected;
these were re-examined to evaluate the nomalcy of their distril:lutions.
Lesions with awroximately nomal distril:lutions were then evaluated usin:1
II1l1tiple rEgLession against several different groups of sediment contaminants,
Le. metals, pesticides, PCBs ani PAHs. Because lesion prevalen::e acb1a1ly
represents a ratio (the prqx>rti.on of a 3D-fish sanple affected) the arcsin
transfonnation was used. In sane cases CClIll:aminant data were subjected to a
log [log (1+x) ] transformation, as this might better J:epl: sent a dose-J:espollse
relationship.

'!he relationships between these lesions, sediment cantami.nant:s ani
sanplirq sites are shown in Figures 13a-c. Figures 1Jd-q represent other
lesion-cant:aminant-site relationships whim were less closely correlated or
whim had non-nonnal distribItions of lesion prevalen::e. sane probably
significant lesions (sudl as basq:hilic foci, which are thought to be pre­
neq>lastic) had sudl a low frequency of oocurrence that no quantitative
evaluation could be made. '!he six sites for which II1l1ti-year data were
available were too few to use non-parametric statistical analysis.

Neqllastic lesions are not illustrated. A total of sixteen benign ani
malignant neq>lasms were fam:i in winter floomer livers. 'IWelve (75%) of
these were fam:i in fish fran Boston HartJor, with one eam fran MeJ:riInack
River, &1zzards Bay, Raritan Bay and Great Bay. In addition, nine benign gill
neq>lasms were abseI:ved in winter floomer, five fran Boston harlJor ani four
fran salem Hartx:lr. Because of the extreme "clUllpin;J" exhibited by these
lesions, nothi.n1 could be gained by further atl:ellpts at analysis.

Bili.aJ:y hyperplasia occurred at a ve:ry low prevalen::e and only at the
lOOSt contaminated sites. lilile the relationships between these two types of
lesions (necplastic, bili.aJ:y) and gross contamination are cbvi.ous, their
distribJti.ons were too restricted (neq>lasms at only two of the sites whim
were lIDl'litored for three years; bili.aJ:y hyperplasia at only three sites) to
statistically identify arr:t specific CXJlllCA.lID or qroop of CXJlllCA.lIDs as
causative. Table 3 is a list of all necplastic lesions erxx:mlteJ:ed.

Two other lesions are noteworthy. cytep1asmic "drcplets" in hepatocyte
were abseI:ved in liver tiSSlJe of fish fran several sites. 'lhi.s lesion awears
associated only with sanples not cpti.mally fixed durirq field collection, so
it sha.1ld probably be cxmsidered an artifact, at least in the winter floomer
fran this stuiy. Ar....u.er liver lesion often oot:ed was non-unifonn
hepatocellular vacuolation. 'lhi.s lesion arP""3rs to occur in greater
prevalen::e at less contaminated sites and may be negatively correlated with
CClIll:aminant levels.
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2. I.esiCllS vs. bile metabolites - see 4.

3. I.esiCllS vs. liver chemi.stIy - see 4.

4. I.esiCllS vs. stanach CCI'ltents chemistry

Tissue levels of cx:otaminants which bioaCX,uDllate can vary significantly
in magnit:OOe aJOOIq i.n:lividual fish. Relationships bet10een tissue levels of
contaminants am lesial prevaleooe sba..l1d prOOably be examined only f= the
i.n:lividual animals whose tissues were analyzed. 'lhi.s was IDt done because of
lack of time am because the sanples loIW1.d be only ane-third the size of the
already small 30 fish per site.

Of the IlI.lllIerOOS lesiCllS d:Jsenoed in winter floomer between 1984 am
1986, awraxiJnately ten 1If{'6'lr useful as i.n:licators of environmental
degradation. Of these, lI¥JSt occur so infrequently that data are inadequate to
make a statistically st.rcln1 infereooe f= causation by particular
envllollllelltal contaminants. Of those lesiCllS which occur with sufficient
frequency am whose distribltions can be normalized, the data SI.J;Jge>-t
causation by certain classes of contaminants. Fbr ather lesions, whose
distrib.Iti.CIlS could IDt be readily normalized, correlations with certain
contaminants are SUl];JE!Sted when data are viewed grcq:tllcally. with increased
sanple sizes, = with nulti-year data fran aalitional sites, sate of these may
yet prove useful. While IDt definitive, m:ni.torin:} results su;p;Jest that IIDre
intensive sanplin:} for specific conditions might result in sufficient data to
make a st.rcln1 case for causal relationships between specific lesions am
particular ant1Jrqlogenic hydroca.rl:xlns. Results also i.n:licate OCIlilinatiCllS of
contaminants which could be used experiJoontally to attenpt controlled
iniuction of certain lesiCllS.

When interpret.in;J results of nonitorin:} in the Northeast, it is
inportant to oote that the winter floomer aroears to thrive in contaminated
envi.rorments. catch per unit effort has been as great or greater at the
Boston Hartx:lr site - the lI¥JSt highly contaminated of any benthic suz.veillance
site in the nation - as it has for any site in the Northeast. While it is
true that sate species of flatfish have sham a propensity to develcp
malignant neoplasms in :t:espollse to certain environmental contaminants, it is
also true that they are able to SUJ:Vive for many years in such envi.rorments.
Irrleed, adjunct stu:lies utilizin:} winter floomer fran contaminated
envi.rorments in the Northeast have i.n:licated that these fish may have enhanced
resistance to infectioos disease. SO, while this species may provide an
excellent DDdel f= envhoilllellt::d1ly irYh"lE>l'l carcin:lgenesis, it may be a po=
one f= use as an early-Wcm1in;J organism. Fbr that pnpcse a benthic species
that canIDt SUJ:Vive the levels of contaminants foon:l at the \\'Orst sites loIW1.d
be IIDre useful.

In this preliminaJ:y analysis of the laJ:ge quantity of data available
fran three years of m:ni.torinJ, the~ of oocurrence of each lesic:n at
each site (prevaleooe), = the a=sin trcmsfOJ:IDation of this number, was used.
Another i.mex available, however, which might prove mJre useful, is the
severity score (1-9) that is reoorded f= each lesion. 'lhi.s lDJmber was IDt
used initially because it was IDt rootinely entered in the database created
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for exam:inin:J the initial results of the stldy. nJe severity scores, either
alone or factored into the prevalence data, 1oII:W.d provide an additional
datarese for analysis that woold have the advantage of cant:ainirg greater
infcmnaticn than only the prevalence data, whidl merely indicates the presence
or abserxJe of a lesion in an individual fish. It 1oII:W.d also provide a
oontin.Jous variable for statistical analysis, rather than the ratio
represented by prevalence.
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Table 1. 8anplin;J SlIIIIIIarY, 1984 - 1986

SITE YEAR SPECIES SED STA 1/ SITE YEAR SPEX:IES SED STA 1/

Machias Bay Eastel:n LIS
MB 1984 1 EL 1984 WF 1,2,3

1985 IS 1,2,3,4 1985 WF 1,2,3,5
1986 IS 1,3,4 1986 WF 1,2,3

FrerxiDnans Bay westeril LIS
FB 1985 IS 1,2,3,4 WL 1984 WF 1,2

1986 1,2,3 1985 WF 1,2,3,4
1986 WF 1,2,4

PenciJscot Bay
PB 1985 IS 1,2,3,4,5 Raritan Bay

1986 IS 1,3,4 RB 1984 1,2,3,5
1985 WF 1,2,3,4,5

cas= Bay 1986 WF 1,2,3,4
CB 1984 WF 5,14,15

1985 IS 1,2,3,4,5 Great Bay
1986 IS 1,2,4 GB 1985 WF 1,2,3,4

1986 WF 1,2,3
Merrimack River

MR 1984 WF 2,3 Delaware Bay
1985 WF 1,2,3 00 1984 WP 1,9,11

1985 * WP,SF 1,2,15,16
salan Hartxlr 1986 WP 1,15,16

SH 1984 WF 1,2,3
1985 WF 1,2,3,4 BaltiJoore Hartxlr
1986 WF 1,2,3 ~ 1986 1,2,3

~Bay tJwer Olesapeake
QB 1986 WF 1,2,3 CX1 1985 SP 1,2,3,4,5

1986 SP 1,2,3,4,5
Boston Hartx>r

BH 1984 WF 1,2,3 Mid Q1esap>a1{e
1985 WF 2,3,4,5 CM 1985 1,2,3,4
1986 WF 1,2,3 1986 1,2,3,4

8.1zzards Bay I.c1Ner Olesapeake
BB 1984 WF 1,2,3,4,5 CL 1984 CR 1,2,3

1985 WF 1,2,3,4,5 1985 SP 1,2,3
1986 WF 1,3,4,5 1986 SF 1,2,3

Narragansett Bay Elizabeth River
NB 1984 WF 1,2,3,4 ER 1986 CR 1,2,3

1985 WF 1,2,3,4
1986 WF 1,2,3,4

IS = lcnjJol:n SOllpin; WF = winter flcumer; WP = winicwpane flcumer
SF = sunmer floonder; SP = spot; CR = Atlantic croaker
* WP analyzed for metals, SF analyzed for hydrocarbons



Table 2. h;je (years) at lergth (II1II) - winter flamier

SITE SEX 1lGE

1 2 3 4 5 6 7

casao Bay M

F

Merrimack River M

F

salem Harbor M

F

Boston Harbor M

F 290 341 376 401 418

&1Zzards Bay M 252 301 340 370 393

F 294 350 390 418 438

Narragansett Bay M +/-180 +/-220 +/-250 +/-295 +/-300

F +/-200 +/-280 +/-300 +/-350 +/-275

Eastern LIS M 106-116 174-194 225-253 263-286

F 106-116 182-211 254-282 305-324

western LIS M 102-107 158-164 187-202 227-232

F 102-107 165-172 209-220 255-290

18
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Table 3. Necplastic lesions in Northeast region winter floomer

MerriIDack River 1984 Liver HeJnan;Jiqlericytana

salem Hamor 1984 Gill Osteana
Gill capillary HeJnan;Jiana
Gill capillary HeJnan;Jiana
Gill capillary HeJnan;Jiana

1985 Liver Ololan:Jiana

Boston Harllor 1984 Liver Ololan:Jiocellular ca=inana
Liver Hepatocellular carcinana
Liver Ololan:Jiana
Gill capillary HeJnan;Jiana
Gill capillary HelnaI'xJiana
Gill HeJnan;JiqJericytana

1985 Liver Menana
Liver Ololan:Jiocellular ca=inana

1986 Liver Olo1an:Jiocellular ca=inana
Liver Ololan:Jiocellular ca=inana
Liver Ololan:Jiocellular ca=inana
Liver Ololan:Jiocellular ca=inana "
Liver Ololan:Jiocellular ca=inana
Liver Fibrcsarc:aoa
Liver carcinana
Liver SarccIna
Liver Biliary Cyst.aclerxx:a=inana
Gill capillary Heman;Jiana
Gill Hanartana

~Bay 1986 Liver Olo1an:Jiocellular carcinana

B.lzzards Bay 1986 Liver Menana

Narragansett Bay 1984 Gill Osteana

westezn LIS 1984 Gill capillary lJeman;Jiana
1985 Liver Menana

Raritan Bay 1986 Liver Ololan:Jiocellular ca=inana
Liver Ololan:Jiocellular ca=inana

Great Bay 1985 Liver Menana
Liver Menana
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